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EXPLOSIONS FROM UNKNOWN CAUSES.

BY J. C. BAYLES, EAST ORANGE, N. J,

The most unsatisfactory occurrences in the experi-
ence of a manufacturer are those from which he suf-
fers damage and learns nothing useful. That there
are such incidents, and that they occur with annoying
frequency, is unfortunately true. An accident which
can be understood and explained always carries some
consolation with it. Howevdr bad the consequences,
one finds comfort in reflecting that they might have
been Worse, and that the knowledge of how to avert
a more disastrous calamity from the same cause is
worth what it cost. But when an accident occurs,
which remains unexplained after anxious days of
investigation, and sleepless nights of reflection, and
which is as liable to
once, very little satisfaction of any kind can be ex-
tracted from it by the most philosophical victim.
Three such incidents have come under my notice in
cne establishment. Fortunately none of them were
attended with very serious consequences, as no one
was hurt, and the damage to property was slight ; but
In each instance, loss of life and great destruction
were escaped by so narrow a margin as to make them
extremely disquieting. I have recorded them in the
hope, that from the experience of others may be gained
what my own careful investigations have failed to reach
—satisfactory explanations.

. The first of these curious occurrences was the burst-
ing of a 16-inch pipe carrying air under a compression
of about 1 pound. The pipe was made of light gal-
vanized iron with soldered seams. Into it a rotary
fan-blower delivered air, and from it smaller pipes
Wwere carried to the furnaces. The blower was run
continuously. Neither the main pipe nor its branches

ad any connection with the gas conduits. Both air-
and gas pipes delivered into the furnaces ; but
although the gas was under much higher compression
than the air, there appeared to be no good reason why,

aving free escape in case of leakage, it should ever
make its way back into the air-pipe. One warm
afternoon in June the main air-pipe exploded with
great violence. Every window in the mill was blown
out, a considerable section of the roof was raised an
inch or two, and in several places it was broken
through. The pipe was torn into a thousand pieces,
and a wagon-load of fragments not larger than my
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occur twice or twenty times, as

No. 3.

hand were scattered all over the mill. Several-of
these fragments were driven edgewise into tl}e roof-
timbers. The disk closing the end of the pipe tvl:::
Projected against a brick wall with suc_h violence that
it remained fastened in place, and is there yet,
mural tablet commemorating the event. loarned
I promptly investigated the. accld.ent and efrq d
the following facts: The pipe in which the exp 0?1,‘(1)1
occurred extended the whole length of the mill. he
machines then in use were placed together near f? t:
end connected with the blower, leaving some '80d e;;i
of what may be called dead end. It was m'thls ; :he
end’that the explosion occurred. The portion ot‘all
Pipe from which outlets were taken was substandl thi
uninjured, but 75 feet of the 80 feet beyfont P
farthest outlet were utterly destroyed. The acwhicl;
with very little mending, the part of the px};e ich
the explosion had not reached cqntml_ledhor sﬁow
months to supply the machines with air, 8 o;lvs A
local the explosion was ; and the damage tlo the m
building gave sufficient evidence 'of its violence. bt
The natural explanation of this explosion is that
gas found its way into the air-pipe and was l')tul(: ed
away in the dead end, and.that when ml}ted ;s;le o
in explosive proportions, it reached a u.rn.d » and
exploded. I can only say that the most pgtzo  fnves
tigation failed to explain how the gas gog mh he air-
Pipe against the pressure it carried, and w gs an o
Plosion beginning at a furnace should have r iricted
its effects to the dead end of the au-plpeI. Lt Hros
undoubtedly a gas- or vapor-explosion, but I ca n Bnd
no other explanation of the presence of gas or flt)he
than that it was formed by the volatilization of the
oil consumed in lubricating the trunnions ct) [he
blower. It is conceivable that the large amo&lnt hot n
consumed by the blower is vglatlhzed, anh alike
becomes a hydro-carbon gas which would be av% oing
any other gas of similar composition. This gar:, Daing
lighter than air, would occupy the upper pa of the
pPipe, and remain undisturbed, while air hv.vai. Ir
from outlets taken from its underside. This t;xg ] g:g
may have worked along and accumulated 1.11t 0 dead
end of the air-pipe until it reached, in admlxhurse wiik
air, the explosive condition. But whence ; e;t : tfctive
And why, if fired by a furnace, was the et?: ructive
force of the ex;;llos;;)n etiert..ed “:gu xi::a fx:];l; the %ola-
of ignition ¢ This hypothesis : b
tilizd or gasified oil of many days runsing J::,Ld
remain undiffused for as many nights, un
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ulated volume was great enough to explain the pheno-
mena of the subsequent explosion. The best that
can be said of it is that, perhaps, it is better than no
theory at all.

Nothing similar has occurred since. We replaced
the galvanized iron pipe with a 16-inch steel tube,
400 feet long, to meet the increased requirements of
the establishment. All the other conditions remain
the same, except that a small opening was left in the
end of the pipe which cannot be wholly closed.
Whether this is necessary we do not know. The
accident taught us nothing whatever ; and, so far as
we are aware, the same causes are now at work, and
may at any time produce like results. The fact that
no great damage was done is due to the frail character
of the tube in which the explosion occurred. If the
16-inch steel tube should ever be destroyed with
equal thoroughness by such an explosion as I have
described, I hope I shall be in another State.

The second of the curious actions I shall mention
was the explosion of a No. 6 Sturtevant blower. I
was & witness of this amusing, though somewhat
alarming, occurrence, and can speak of it from personal
knowledge. The blower was inside the mill, and was
driven by two belts from pulleys on the main line of
shafting. It was used to furnish blast for the gas-
generators. Some trouble with the main driving-belt
necessitated a stoppage of the mill-engine, and the
blower stopped. In afew minutes the engine started
again, and with it the blower. It had been long in
other use, but as this was its first day of service in
that position I was naturally curious to see how it
worked. So I stood watching it. Suddenly it dis-
appeared. One side passed close to me and lodged
against a post. Fragments weighing twenty to fifty
pounds were distributed in all directions. The ex-
plosion was accompanied by a violent report and suc-
ceeded by a dense cloud of yellow-brown, offensive-
smelling smoke, which rose to the roof, rolled right
and left, and finally escaped at the monitor.,

Again I investigated, until there remained no ques-
tions to ask. That it was not a centrifugal rupture I
know without being told. The conclusion was that
during the stoppage of the engine some air-gas from
the producers had worked back through the pipe into
the blower. When the blast was resumed these pro-
ducts of imperfect combustion were carried with the
air-current into the producers, and being mingled
in explosive proportions had been fired %y contact
with the incandescent fuel and exploded. This ex-
planation was never quite satisfactory to me. An ex-
plosion which began in the producer could only reach
the blower through two branches of a tee, six feet of
vertical pipe, an elbow, twenty-five feet of horizontal
pipe under ground, another elbhow, six or eight feet of
vertical pipe, another elbow, and four feet, more or
less, of pipe connected with the outlet of the blower.
Some of these pipes were light and some heavy, and
the section underground was much larger than the
section at either end of the run. If an explosion
violent enough to wreck the blower completely had
occurred through the whole length of this very cir-
cuitous pipe, I should have expected to find some
evidence of it in the pipe itself. It was intact. Not
a joint was started. Furthermore, as the blower had
been running at least four minutes immediately before
the explosion, what could have remained in it to ex-

plode? The fact was, however, that the blower was
shattered, while the pipe was undisturbed, even the
delivery-nozzle of the blower remaining coupled to
the length of pipe on the mill-floor, which was not
thrown out of line. As in the first instance, this ex-
plosion taught us nothing.

The third of the series of unexplained accidents
consisted of two explosions following one another so
closely and under conditions so nearly identical that
they may be considered as one episode. In the purifi-
cation of gas we use purifying boxes of the usual pat-
tern. We have four boxes so connected by the
center-seal that we can throw any one of the four out
of use -when it is necessary to clean it. The gas
always passes through three boxes before reaching the
gasometer, and one is always kept ready to be filled
with fresh iron and brought into use when needed.
When the gas shows the presence of impurities or
diluents it is time for a change. To make the pro-
cedure clear let us suppose the boxes to be numbered
1, 2, 3 and 4, and the gas to be passing through 1, 2
and 3 in the order stated. No. 1 would, of course,
become foul first, as it first receives the gas. If a test
of gas which has passed No. 3 shows that it is not
completely purified, No. 1 is cut out and No. 4
brought into use. The gas would then go through
Nos. 2, 3 and 4 in the order stated, and No. 1
would be emptied and refilled in readiness to become
the third of the series when the fouling of No. 2 made
it necessary to pass the gas through Nos. 3, 4 and 1.
In reality, the box to be brought into use is not re-
filled until it is needed, but otherwise the procedure
is as I have described.

One day, the superintendent and the manager had
occasion to go into the purifier-house together, and
while there the superintendent tried the gas. Getting
a reaction indicating the presence of impurities, and
finding the fourth, or idle box, ready, he turaed the
center-seal, cutting out the box which had been the
first to receive the gas, and making the clean box the
last of the series. The cap of the outlet was left off
for the escape of the air, and not screwed on until
there was a strong smell of gas, indicating that the air
had been expelled. The same thing had been done
in the same way hundreds of times. In two or three
minutes the third box exploded with great violence.
The cover was wrenched loose from the four clamps
holding it down ; carried up through timbers and roof
and dropped again, badly wrecked. The center-seal
was canted to one side, allowing a copious escape of
gas. The building took fire, and a second explosion
in the basement blew out about half the foundations.
The second explosion was easily understood. Fortun-
ately, fire-extinguishers and hydraulic jacks saved the
building, and except the need of repairing the broken
box, the damage was slight. 1 at once began an inves-
tigation, which has lasted ever since. The explosion
was undoubtedly due to the ignition of a mixture of
gas and air in the bux ; but how was it ignited? The
gas, before reaching the box in which the explosion
occurred, had passed through the hydraulic main, two
scrubbers, more than 500 feet of unjacketed pipe, and
two purifying boxes, each containing three layers of
wet sesqui oxide of iron. It requires a violent stretch
of the imagination to believe that a spark could travel
so far under conditions so adverse. The pipe which
delivers gas to the boxes is rarely quite cold, but I
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have never found it more than warm. The tops of
the boxes are always cold, and the gas enters the gaso-
meter at atmospheric temperature. While we were
speculating as to the cause of this accident, and con-
gratulating ourselves that it was never likely to
happen again, another box, the third of the series in
use, exploded nnder exactly similar conditions, A
detailed account of one explosion describes the other
perfectly,

Matters were getting serious. No one had been
hurt ; but it was not impossible that the thing would
happen under conditions which could mot fail to kill
somebody. I must find out what was wrong and
correct it. So I called in all the experts I could
reach. Some were honest enough, after looking the
plant over, to confess that they had no explanation to
offer.  Others gave reasons which would have been
satisfactory had they not been at variance with the
facts. Yor the information of those who may be
disposed to speculate as to why these boxes exploded,
I may say : .

1. The hydraulic main is modelled after the best
gas works practice.

2. The scrubbers are adequately supplied with
water.

3. The iron in the boxes which exploded was found,
on analysis, to contain less than nine per cent of free
sulphur, and is still in use,

4. The iron was adequately revived before being
replaced, and did not heat in the boxes. After the
explosions it was found to be cold.

5. The iron was sufficiently wet.

6. There was no fire in the purifier-house and “no
smoking,” o

Since these two explosions, which oceurred in April
last, we have had no trouble. There has been no
change in the arrangement of the gas plant, for we
can discover no way to improve it

It would have been a great satisfaction to have been
able in these instances to follow the sage advice of
Hotspur, and out of the nettle danger pluck the
flower of safety. But our nettle crop does not seem
to be of the flowering variety. If I had investigated
less closely I might have reached satisfactory con-
clusions—perhaps of no more value, however, than
the honest doubts T am now willing to confess.

THE PENNINGTON AIR SHIP.

“Flight every fifteen minutes” is the prominent
announcement in front of the Exposition building,

hicago, where the Pennington air ship is navigating
the air—within 3 small compass. It is a minia.tul‘e
ship, looking very much like a big fish with a cigar-
like form, that floats—to the astonishment of the sight
8eers.  Some are astonished at the sight of the queer
thing going up and moving around so regularly.

thers are astonished that it does not do much more
than its present performance.

Our New York contemporary, Engineering News,
designates it ““ The latest aerjal humbug.” We ven-
ture to say, right here—without the slightest disrespect
to the greatest inventor of this inventive age—that
this aerial floating machine is no more of a humbug
than the Phonograph was, in its infaney.

Mr. Edison was short of the needful,angl his ‘f‘nend
Johnson went to astonish the Buffaloites with a * talk-
ing machine,” on the long distant telephone pro.c;gss.
The press and public were deluded by the supposition
that the machine talked. It was the means of mspl}ll'-
ing Mr. Edison with the idea of the phonog‘rrap .
And ultimately a machine to reproduce speech was
actually devised. But what a clumsy thing it walag.
After it had a run of entertainments, until the pub ic
gor tired of the “ humbug,” Mr. Edison “ droppe(}
it for ten or twelve years. When he took it up agatlllllé
the perfected phonogragh of the present’ day Wastate-
result. But, according to Mr. Johnson’s own s o
ment at the Kansas City Convention of the N;:tsc_m !
Electric Light Association a year ago, the lsz
talking machine was originally used to raise momney
by means of public exhibitions. )

Y Flying N}’achines ‘N. G.’” is the caption offt}:;
reproduction in last Sunday’s Chicago Tribune 1\? o
article by Arthur Mark (Illummmgs in the No
Amer jew, wherein he says: .

“eAii‘a:hiI[?J?faz’e had an exhaustive trial, snd thfm_'
limitations are now recognized by all intelligent 1;1d
vestigators. Any vessel which depends for its upwitz
motion upon its displacement of air must, of necesltal ; g’,
be so large as to preclude the possibility of proge.ner%
it against even a moderate breeze. Helpless ant lﬂoat
8 an iceberg in the Gulf stream it mus foat
wherever the aerial currents chooss to carry it. lel
even of the most visionary enthusiasts now retaai{
believe that the day will ever come when buoya]xlmble
ships will navigate the heavens in any gover

Irection, . .

“ With flying machines, however, the case is r:;ﬂ:loe-
ally different. In the first place, the flying mvg»o line
follows the analogy of nature asno air shlphe\trlo;r ould.

ips float on the water in very much the ame
fashion that fish and many aquatic birds ﬂtoat ";n ne
pon it ; but the balloon finds _mo proto ypefor s
Sphere. " No bird or insect exists that canThe vy
Instant support itself motionless in the air.

: s s0-
cific gravity of water and that of most animals is s

nearly the same that an equipoise is easily esfta}’rl‘::“:g
in various ways. But the specific gravity :har forme
very much less than that of most of the tgbl i(: } ore
of matter that equipoise is very hard to es ot iteolt
has been observed, no living animal can BuPﬁP ravity
in the air without supplementing the speci <1= e
of the air by an expenditure of muscular :DB 8Y»
in most cases this expenditure is very large. o Ticht
“It is, then, only by means of some 2;:‘:;1;,0 n?ay
structure, plus a large amount of energyl,1 it
ope to imitate nature and traverse theBe:then \be
both speed and certainty of course. uh o ook
inevitable conditions are once accepted the vty
for success is by no means discouraging. hine are
stacles in the way of a successful flying mac ootonce
such that any decade of our age of ag,'gl'esil"erd in the
may surmount them. There is nothing absﬂ o of
Notion that men may learn to fly. Not by ‘;‘s el
their own muscles, of course—.nobcd.y exlpei N
but by means of mechanical mgenu’ltﬁ'yﬂm nazio of
the tremendous power of steam or wit lllelect:’icity-
that wonder-working force w"hlch we cvi f:eling 4t
At the present time there is a gener: sy  ber
only among wild enthusiasts but am?inio the business
Jjudgment, both in the scientific and in
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world, that a practical flying machine is among the
near possibilities of the future. Learned and conser-
vative societies have lent to this belief a very con-
siderable degree of favor, while the faith of the com-
mercial world is attested by the recent formation ina
Western city of a company with an enormous capital
which is devoted entirely to the building of flying
machines,” .
So far, so good. Mz, Cummings, however, having
said so much in favor of the Pennington machine,
80€s on to try to show that a practical flying machine
would not be of great advantage anyhow. He says:
“ When one examines carefully into the possible
utility of flying machines, he is forced to the convic-
tion that no great benefits to mankind are reasonably
to be expected from even the most triumphant success
in this line of invention. It is really curious that so
many people assume without reflection that a suc-
cessful flying-machine would mean either increased
speed or increased CAITying power over our present
methods of transportation.  An American journal of
weight and ability, recently gave editorial utterance
to this remarkable statement ‘The successful trial
of an air-ship would in twenty-four hours’ time cut
down by half the value of a]] the railroads and steam-
ships in the world, because it would afford an oppor-
tunity of cheapening to an incredible extent the cost
of transporting persons and merchandise. This is
sheer nonsense ; and it is worthy of confutation only
because it is a kind of nonsense to which people who
talk on this subject seem to fall victims in a very un-
thinking way.’”
Then the learned a
gress through the air
gress with such loads
fall into the resurrect
think the material bo

uthor goes on to compare pro-
with heavy loads, and the pro-
along railways, He seems to
ion-of-the-body idea; as some
dy will rise at last, with angels’
wings, so Mr. C. has in his mind the weight, con-
ditions and environments of our heavy trains when
he writes about flying-machines, Why, sir, flying-
machines will require no wheels for traction, no more
than sea-ships.

The flying machine will be a new acquisition, for
the entertainment and edification of mankind. As
Mr. Cummings says, “man may yet harness himself
into a light, tough framework of aluwinium, and,
compelling the electric current completely to his will,
Tmount the ether like a lark or cleave the clouds like
80 eagle.” Then comes our learned friend’s conclu-
sion, wherein he says that *the world has as little
practical use for the flying machine as it has for the
North Pole, Scientists would be deeply interested in
them; the rich might conceivably use them as
luxurious Playthings ;" adventurous cranks would play
mad pranks with them, not ‘before high heaven,’ but
in high heaven ; and the managers of agricultural
fairs and Fourth-of-J uly entertainments would hail
them with Joy as the legitimate heir to that old
favorite, the balloon ascension. But the spectacle .of
8 perfected flying-machine to-morrow curving its

graceful spirals aboye the New York Stock Exchange -

need not shake by a ripple the watery instability of
the most dropsical railroad stock in that hydropathic
genter. The mass of mankind will live and move
forever on the earth’s surface. The power that binds
solid substances to that surface will never bo defied
or evaded to any beyond the most limited extent.”

oy = t

On the other hand it is not unreas'onable to expec
that the world will gradually adapt itself to t.hef neiv:
means of transportation, and find beneficial uses gr »
as has been done with other inventions, Mr. Cum
mings, B .

Bgt, in reference to the Pennington machm;.. If
Is neither a balloon, nor an air-ship, nor a yul{I;'t
machine in the general meaning of those terms. '
mounts up, goes round, and comes down agaufl ﬁ’l by
very gentle manner. A ecritical des.cnptw‘l‘l 0 o
given in the Engineering News, supp}xed by“ane o
ent engincer,” whose name is not given, but it ;s ;
inaccurate in any essential point, and runs th.uss)l'li- ,

*“The working model of the ¢ Pennington Air lP’r
Bow on exhibition as stated, diﬂ'gl:s from_the ea; f:
descriptions of the proposed air-ship a8 given ouIt i};
its inventors, in several important part!cul_ars. i 18
1ot made of aluminium, it does not lift lt:;d n;oig >
Power, and the speed is very slow. The m be e
varnished silk balloon, clumsily like a whale, ;e 0;0 pl
ft. long. Including the rudder it is said to B
long and 6% ft. in diameter. It has eide wings or anes
of silk, but these do not sustain equilibrium proplt: lore
as shown in the picture. A vertical keel clot ane
rudder are stretched above the balloon, and'ancl) her
cloth inclosure below representing the pecuhax't:soare
Ing car shown in the view. Both of these p?rmatch
of white cotton goods, roughly ﬁtted,.and mis nateh
the varnished silk of the balloon, which latter 3 "
a3 if well made. Before the model was exlpto;erud-
the public it was said that the upper keel cloth, rad-
der and car were of aluminiu;n,. '?.u: they el

roved too heavy or failed to materialize, .
o At the fronz of the balloon, and conne::ited ;vvlvf;li
it by a light wooden framework, is placei ! i: o
bladed propeller, about 6 ft. in diameter. it
of cloth, stretched upon a l}ght. frame, an hl ool
by a light endless string which runs from the p ’ll)‘he
ler to the cloth inclosure representing the ca.:;l 15he
latter presumably contains a light dynamo, e 50
Power is conveyed thereto by a flexible wu:o o
ft. long, extending from the car to some 'sddlego e tho
teries placed wishin an inclosure in the mi b o obont

Xposition building. This inclosure, w}ucu mn pout
40 ft, square and 8 ft'l}ﬁgh';. screeells ;2: xl:a 00

ing i igation when it com Wi .
Pl“y‘nll‘i ;?; elsglﬁgnutes or so the machine g?nﬂyd“:l‘::
from the inclosure to a height of about 4(21 t'tl.l, aancircle
Propeller baing put in motion flies around i e
of about 60 ft. in diameter, either to t}le r;g, o
the left as the rudder may be set, being kep

straying out of the circular course by the connecting:

Wire, which on its way from the dynamo to ffthes t:t::i‘l?;;
battery, is attached to the top of a stall the pivot
about 10 ft. above the floor and f“tl.‘n“’hmg P

or center for the circular movement.

“ After flying around for a few minu t.els, :'11;: ;!!l:s.
chine is gently hauled down within the.;.nc 0:9 u'ired,
the loss of hydrogen gas made good, i s?d tt?at this
from a portable generator. It was first sai ibly two,
model air-ship was to carry a passenger, p&ssbutya fow
but the lifting power evideptly amo\“:lt's between
ounces, and the balloon is pulled Okwn about 60
finger and thumb. The propeller makes

revolutions per minnte, and the speed of the appar--

atus is from 3 to 3} ft. per second, say 2 to 2.4 miles
per hour.”
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Of course Mr. Pennington admits that this prelim-
.inary experiment is only to show that a machine can
be made to propel and steer itself. It is rather aggra-
vating to a great many that his progress is so slow—
but he says 1t is sure.

And having given the views of his adverse critics,
let us conclude by stating a few points regarding the
ideas of the inventor applicable to the construction of
his air-ship proper :—

THE INVENTOR’S DESCRIPTION. .

“The principles in the coustruction are five;
namely, buoyancy, screw, vacuum, zroplane and
parachute. o show how these principles are applic-
able to this ship, we will first define them and then
show how they are applied. By buoyancy is meant
the quality of floating ; to have something that weighs
nothing, and to have that something in a vessel that
is shaped to take advantage of all other combinations
that are applied in connection with it,

“The screw principle is used on this ship to propel
the same as in water. Water is a fluid, so is air. The
serew will work in air better than it will in water,
because the air is flexible, The vacuum principle on
this ship is combined with the screw. The blades on
the screw are shaped so that after the air is discharged
on their outer diameter it is deflected ata point ait of
the center of the buoyancy chamber, aud is utilized
to force the ship in the same direction that it is
traveling. The mroplane principle is utilized the
same way that a sail is used on vessels. The para-
chute is used to retard the velocity of the air-ship in
its descent. The main part of the machine is the
buoyancy chamber ; this in shape is an oblated spher-
oid, being large at the center and tapering symmet-
rically to a point at either end and looks like a huge
cigar. On the inside of this chamber are two com-
partments; one is a receptacle for gas and the other
18 used as an engine room. The engine that occupies
this room is a three cylinder rotary, and propels the
large wheel in front of the ship. The fuel that sup-
plies this engine is gas, and is fed direct. The main
shaft is hollow, and the large propeller is keyed
directly on it. On the top of the buoyancy chamber
is placed the sail. This extends its full length and
can be manipulated so that the currents will act to
propel the ship as it does a sailing vessel in water.
Attached to this sail is the rudder that guides the ship
either to the right or left, and underneath this rudder
is the tail; this tail is patterned after a bird’s tail,
and is used to raise or lower the ship independent of
the propeller wheels at the sides. On the sides of
the chamber are placed the wings. These wings are
so made that when the ship is descending they im-
provise themselves into parachutes, which make the
descent gradual. On each of these wings are placed
two propeller wheels, for raising and lowering the
ship.”—American Engineer.

——— e~

JET CONDENSERS.
BY A GERMAN ENGINEER.

A steam engine condensing apparatus, has for its
purpose, as is well known, to condense, with the help
of cooling water, under vacuum, the dead steam
forced out by the steam cylinder, and to lead it away

in the form of water; thus we save in some other
way in that work which the steam engine—a common
escape steam engine—would have to do in forcing
the steam directly into the open air, and in doing
which had to conquer the atmospheric pressure. One
thing, however, is to be cousidered in regard to this
advantage, viz., that the coudensation systems used
up to the present need a motive force in order to pro-
duce the vacuum. With large and middle-sized en-
gines this dues not matter so much, considering the
advantages to be gained ; but with smaller engines,
the loss of power through the air-pump is in most
cases so important that it is generally considered un-
profitable to supply such engines with air-pump con-
densers.

If we consider the greater amount of work which
steam engines accomplish by the aid of condensation,
or if we examinethe reduction in the consumption of
steam or fuel, we shall find that it is not proportion-
ately the same in all cases ; it fluctuates according to
the size, completeness, and management of the engine,
within large limits, from about 10 to 40 per cent., and
under ordinary circumstances we may reckon 2V per
cent. on the average.

By the proper management of steam, with a con-
denser, therefore, we may considerably reduce the
expenses of fuel. This fact is generally known ; not-
withstanding, if people do not procure for themselves
the advantages of a good condensation system—even
where the water and other circumstances are not ad-
verse to it—we may attribute it to the following
1€asons :

In the first place the acquisition of an air-pump
condenser, as formerly generally used, is rather ex-
pensive. In the second place, this pump is not so
simple, and is very sensitive, so that a capable and
well-paid attendant is necessary ; but such a man is
not always to be found. In the third place, the
working parts wear out very soon, and require fre-
quent repairs, consequently the running expensesare
rather high. Therefore the larger the engine, the
cheaper proportionately an air-pump condenser will
be, both asto first cost and to the general expenses
connected with its running ; consequently the more
profit it will bring. On the contrary, it will prove
the more expensive and less profitable the smaller the
steam engine to which the condenser is to be applied.
Therefore steam engines of greater power are mostly
supplied with condensers while those of small and
medium power generally work without them.

And yet are the less large works of a necessity
compelled to diminish the manufacturing expenses
as' much as possible, in order to compete successfully
with the larger establishments. Therefore, I think it
would be of a great interest to many, to have a des-
cription of a condensation-apparatus which unites the
greatest simplicity and cheapness, and renders it avail-
able not only for the larger steam-engines, but also
with the same advantage for the smallest.

The jet condensers of the firm of Koerting Bros.,
Hanover and London, which produce almost as high
a vacuum as injection or surface condensers, possess
neither movable parts, nor parts to be regulated ;
they, therefore, need no attention, nor can they cause
any disturbanee in the working. The consumption of
cooling water is the same as that with the air-pump
condensers, and i3 25 times more than the necessary

B
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feed-water of the boiler.
Jjet condenser is ths
little pressure thro
ter in a cooling wat
flowing through th
steam from the en
vacuum is created.

The fundamental idea of the
t it leads the couling water with a
ugh the apparatus, or puts the lat-
er if thisisa running water. In
e cooliny water sucks the dead
gine, and, condensing it, a great
By the living power of the dead
steam, the cooling water obtains af, the same time such
rapidity, that it is not only able to run out freely at
the opposite side, but it can even be lifted up a few
yards, although the vacuum is not in the least un-
favourably influenced. There is no necessity for a
single jet of living steam or any other assistance to
remove the water from the apparatus.

The water jet condensers therefore produce the
vacuum without the necessity of an air-pump.
Such a vacuum i3 much more effective, because
the benefit obtained by the vacuum is not less-
ened by the power consumed by an air-pump. For-
merly the condensers applied to small engines did
not give any great advantage, even when all the cir-
cumstances were favourable; for the gain of the

vacuum was almost all consumed by the consumption
of power.

For the
seried 3
“ Where there is at all the

ing water, the Koerting condenser may be recom-
mended.”  This has found fulj confirmation in many
establishments, but it is also easily proved by caleu-
Iation.  For this purpose I will give you an ex-
ample :

A small establishment has steam engine of 10 h. p.
This engine, as a rule, does not work up to more than
its indicated power, For each horse-power per hour
it consumes, with an initial pressure of four atmos-
pheres in the steam chamber, about 20kg,* on an
average, or, say, 200kg.* in one hour, Now if this
engine has to work with a condenser, then 25 1it.* of
cooling water are needed for each kg. of steam, that
is 200x25=5,000 ljt. per hour. This water has to be
led to the jet condenser, with a fall of at least 4m.

uppose it is 6m. below the engine, it is necessary to
lift it 10m. in all. The pump put up for this pur-
Pose would thus require a theoretical accomplishment
of work of 5,000x10=50,000 m. k. per hour; or,
divided by 3,600 of 14 m. k. in a second, it would
claim theoretically 440,19 b, P- With an effect of
60 per cent. the pump would in reality use 0.32 h.p.;
!0 regard to the above mentioned consumption of
power of 20kg. for 1 h.p., it would need about
6.4kg. of steam per hour. With a pressure of steam
of four atmospheres under corresponding expansion
We save by way of condensation about 25 per cent. of
steam ; therefore in this case weshould save 50kg. of
the 200kg. of driving steam, If we take away the
6.tkg. which we neey for driving the pump, a net
8. would remain, or we should save
109X43.6-9) g per cent. of steam, and there would
©® a0 equal diminution in the consumption of coal.
here the height to which tho cooling water has
to be forced is less, or where no working of the pump
is needed, as is the case with many works with hydrau-
lic power, the result is of course still more favorable.

——

Jet condenser the follo“}ing may be as-

needed quantity of cool-

* kv, (kilogram) equals 2.2046 lbs. advoirdupois. Lit.

(liter) is ¢quivaleat t3 2,113 Awerican piuts.

From the above statement we see that the jet con-
denser saves more than 20 per cent. of coal, gr 10116
creases the working capability of the engine letdd
per cent. even when the cooling water hasto beli -fll
10m. by aspecial pump, and this with very stm.be
engines where the air-pump condenser canno
used. ]

The jet condensers are especially suitable for 1:;h.e
middle-sized and smaller engines, on account of '}hen‘
moderate cost and requiring very little space. ° t«;y
are very simple, the wear and tear heing con.sequer'xr h’;
very much reduced, and require no attention. he
exXpenses of an air-pump condenser in an epgﬂmem-
15 h.p. amount to about 460,17 a cprrespondmo cl(l)l i
Plete arrangement of jet cundensation, however, e 3;
be obtained for £32 10s.1 including a pump t;) s
the water; if the pump is not required the. cos wil
be only 4154 The water jet condensei is mﬁrst
cheaper than any other condenser, not only in firt
cost, but also in working. As there are nobn?ov‘ abl
parts, there are no expenses for repa(\lxrs or lubrication,
and regularity of working is ensured. .

Theehandli);g of the je% condensers constsés :}x:lyag
opening and shatting the water valve aau:i Tﬁis .
cock when the engine is put on or stoppek. ey
80 simple and easy that any ordinary wor ma}l may
be entrusted with it. This condenser is th::e 0
great value, especially in small establishments. atton

Whilst at work the jet condenser requllx;es nlo oten-
tion ; it is perfect in action, and stops wor ~only yhon
there is a lack of water, or some obgtructlolln Oed o
Water nozzle, which is easily and quickly clean
taking indle. _ .

Tﬁg joel;tczlx]:izﬁser has the form of a pipe, but u}:ui:
it is made a nozzle. The cooling water enters‘ :antle
the upper end and flows through it under g

Te . . .
i Tstsxzreappamtus may be fixed in various ways, as
described in the following : .

1. The best way to put up a condenser;:et:ngli;c:

it in a perpendicular position deeper gh?ln he angine

@ water flows through it from a ht?lflg] ht o b or on y’

or under a corresponding pressure. T :‘i} IB,u hpond
Teasons, the most profitable way of put :,ngsull)ts

enser, as thus fixed, it produces the bes ’reto ﬂo;ving

2. The condenser may be put.dlrect]y in o fowing
water close by, placed in ? hotniontal pos ,

ar ith the current of water.

’ 31?“’;1}1;“::1<;ndenser may be put up sg tha:’-;)i);t;l;:
means of pipes, the water is led to it romtion sont
lake, river or well. After the condensﬁ'aect oy
raised by the condenser high enough to e
ficient discharge. .

4.nti‘ﬁ:asf:on5enser itself can suck the vg:t&r :xy;l olrt:
own activity, and at the same time convey 1 .
elevated point. . .

5. Finglly the condelx:iser ?;ay ?::n ]:)ut directly into
th i ipe of a cold water pump.

BI;u:ltlwc];sl;spit is advantageous to fix the c:;m;ise::::
a little deeper than the steam cylinder, ant e
to it as possible. It is advisable to put alrie 1n ve ve
into the dead steam pipe. This is absolu 7 J;s iocoe-
sary where the engine works lrregqlalzy, (!imabove Sl
Stopped, or where the condenser is fixe

level of the engine cylinder.

1 £60 equals $203 ; £33. 103, $157; and £15,§7¢..
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Further, it is to be recommended that the dead
steam pipe of the engine be supplied with a special
outlet directly into the open air, and which is her-
metically closed with a valve. If for any reason we
require to work without the condenser, we have only
to open this valve and let the dead steam escape. It
is absolutely necessary to have a little air-cock in the
dead steam pipe. Before the steam or water valve of
the engine is shut this air-cock must always be
opened. 4

There is no need to omit an effective feed-water
heater for the jet condenser’s sake ; it can be fixed in
a suitable position between the steam cylinder and the
condenser, the effect of the latter not. being dimin-
ished. If we wish to heat with the dead steam before
it is condensed the jet condenser must be erected at
the end of the conduit of heat pipes.

If we have to lift the cooling water, and wish to be
free of the running wheel-work of the pumps, a pul-
someter may be used with advantage instead of a
plunger pump. The water lifted by a good pulso-
meter is warmed so little that it does mnot prevent
condensation. The fitting up of the jet condenser
naturally always depends upon local circumstances;
but no great difficulty need be apprehended, even
where space is limited. The expenses of eraction are
very small in all cases, as there is no need of any
foundation, the condenser having the form of pipes,
and is not heavy, being generally simply hung
between the conduit of pipes.

Where several steam engines work beside each
other, it often happens that one jet condenser of cor-
responding size is sufficient.

The above statements founded on practical experi-
ence, are probably sufficient to bea help to those who
are interested in the matter, but who have no know-
ledge of this apparatus; they may now, however, be
able to form an opinion of its merits or demerits. To
this I have only to add that this apparatus is not
a new and untried invention. Years ago the Koert-
ing jet condenser proved itself very useful and profit-
able. To-day more than 1,100 of these condensers
are in use in all parts of the world for engines of
every kind and size, and I am convinced that its
adoption will be more general the more its excel-
lence and usefulness are known.—American En-
gineer,

EXPERIMENT IN SPECIFIC GRAVITY OF
FLUIDS.

T. O'CONOR SLOANE, PH.D.

The illustration shows a very interesting experi-
ment on the law of the specific gravity of liquids,
which, simple as it is, presents a very good exposition
of the phenomena brought out by the operation of
this law. A strong solution of potassium bichromate
in hot water is made in a test tube. By boiling the
water and adding the salt as long as it dissolves, an
exceedingly strong solution can be produced. It is
then cooled. This cooling is best effected by placing
the test tube in a beaker of cold water with its mouth
upward in the regular position. As it cools, the bich-
romate of potash rapidly crystallizes from the super-
saturated solution, and the building up of these cry-

stals is in itself an exceedingly interesting process to
watch. When it has cooled, the experiment proper
can be carried out.

A beaker is filled with cold water. The test tube
is next filled to the brim. It is closed with the
thumb, and the mouth of the test tube is immersed in
the water of the beaker and then released. The
object is to prevent the admission of any air what-
ever. As soon as this is done, the bichromate of pot-
ash in what is now the upper end of the test tube
begins to dissolve. As it dissolves, it forms a solution
heavier than the water, and pours in a stream down
the lower side of the test tube, through the water, to
the bottom of the beaker. It inevitably mixes more
or less with the water surrounding the streams, but
at the same time the course can be distinctly traced
by holding the beaker against the light. At the same
time a stream of clear water can be observed, rising
along the upper walls of the test tube to supply the
place of the heavy fluid escaping therefrom. It is
easy to see that carried out with the proper tank and
a small test tube, this experiment would form an
admirable illustration for projection by the magic
lantern.

EXPERIMENT IN SPECIFIC GRAVITY OF FLUIDS,

The same experiment has its useful application.
The principle is used in the laboratory for dissolving
the melted mass from sodium carbonate fusions, as in
the analysis of iron ores, etc. For cleaning out bat-
tery jars, in which very hard crystals of chrome alum
often form, or for dissolving the same crystals in bot-
tles in which battery solutions which are partially ex-
hausted have been kept, the same method is applic-
able. By a little manipulation the battery jar or bot-
tle can be inverted in a bucket of water, itself being
full. Itis well to support it on a couple of bricks, or
by other means, as far above tne bottom of the bucket
as possible, in order to admit of the free escape of the
strong solution thus formed. An inclined position,
as favoring the regular ascent and descent of the two
columns of liquid, is also to b8 recommended where
the process is practically applied. Crystals quite

|
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TYPE-WRITING MACHINE,

irremovable by ordinary means can thus be dissolved,
and the bottle or jar saved. Sometimes several hours
are required, and it is also well to renew the water in
the bucket or other receptacle. Care must be taken
to admit no air.—Scientific American,

TYPE WRITING MACHINE.

Upon the arrangement of the keys of a type writer
depends the facility of operation ; hence, careful con-
sideration is required in this matter. Long years of
experience in the use of printing type has developed
& system of arrangement in the type cases that is sQ
perfect, as to be universally used, so that the hand of
tbe expert compositor flies about over the case uner-
ringly, without special effort of the mind. It is the
alm of the present invention to so arrange the keys of
the instrument, as to closely approximate the order of
the type case, so that the letters and other characters
will be peculiarly accessible, and in the order of
Datural word construction, so that there is a uatural
finger flow over the keys, that involves the least shift-
g or reaching of any system of arrangement yet
devised for type writers. By this system printers
could quickly learn type writing, and type writers
could as quickly acquire the compositor's accomplish-
ment.  The arrangement, simple as it is, has required
a 1°“S period of careful consideration and experiment,
resulung in a system that may safely be set down as
Cumpassing the utmogt possibilities of further im-
provement, '

The inventor is Mr. William H. Robertson, of
Allegheny, Pa.

e

A CHANCE FOR THE INVENTOR.

. T!le wonderful ingenuity developed by our mechan-
168, Inventors, and contrivers during the past gene-
ration or two has about spoiled the dear public. It

0e8 not make much difference as to the purpose for
which any piece of mechanism is designed, it must be
more or less automatic and self-operating ” to take
with the average buyer. Insome respectsthe demand
—cCraze we might call it—has been carried to the verge

of absurdity ; in others it has proved of the greatest
benefit to the human race, while certain ﬁeld§, in
which the dutomatic principle should be pecuharllly
available, have failed of all benefit in the efforts of the
Inventor, - ‘
Take for instance the ordinary heating apparatus in
our dwellings, whesher it be steam, hot watorl,{ or
Wwarmed air that is employed. Many of the makers
thereof have strong claims to advance for the “auto-
matic” character of their appliances, and yet there is
ot one among them all that can be safelg' trusteig, to
to use a homely phrase, to “ go it alone,” even 'ﬁrﬁ:
limited period.” Here is a furnace man who wi ¢
up your residence with a wonderful arra'ngemlen: gc
electric thermostats, or thermometers having e e]g Ti
limit connections, by which he will guarantee to ee}:
your house at an even temperature all winter. B
steam heating outfit is provided with a dlaphraax:ll
valve that controls the damper of the furnace aﬁ
keeps just so much pressure, which means an equaa!);
well determined degree of heat. The hot wat%r tntl;he
a8 something else ; all are equa.slly .mfalhble, tuth
only difference in their operation is the eﬁ'ecd. ?;
exercise on the pocketbook. Either they ar:h 1sm°r
failures, in spite of all that can be done for d ((alm,ur_
they take so much looking after that the delude ! pnd
chaser reverts after all to the poker, shovi c:m-
shaker, which, controlled by the human sense o gom-
fort and its opposite, are the best regulators o
modern heating apparatus. . .
Here is a ch;nc%pfor the inventor. The lngel;:;m
individaal who will make it impossible fo:'1 the 38 Ollt:;
ary heating apparatus to freeze us or ‘ render e o
between bedtime and dawn ; that will insure, w1t ut
a constant worrying of the fires, an even tempera glgn ;
that will obviate the necessity for .ﬁoodmg the hoa iin
ary residence with cold air anfi mcxdgntally wni;ts wili
Preparatory to the kiln drying of its conten s Wil
win a fortune and honestly earn it. It does no b ot
ter what the heating medium may be or how regu ecs
provided it is not in any way more offensive, cutvl; )
some, dangerous, etc., than the methods n.tz i
vogue ; as long as it is re]lJi.abie and effective, 1
g ice will be no object. .
oozl‘?llgepli‘;c no doubt but what it will come'liio bepa:
that the heating apparatus of the future wi :




74 CANADIAN MAGAZINE OF SCIENCE

{March, 1891,

economical of fuel, as safe, as efficient and withal as
mechanically beautiful, as the modern automatic high
speed steam engine, with its cut-off and perfect self-
governing devices, and inventors would find it mighty
profitable to be tirst to the front with anything of the
kind that would be really trustworthy. We have
looked the field over very carefully, and found several
contrivances that may ultimately fill the bill, but
which labor under “ just one” little defect or weak-
ness that is fatal to their perfect reliability. * With
all the ingenuity they have thus far displayed in their
constructions, the originators should certainly be able
to complete them.—7'he Sanitary Plumber.

i | p—

FACIAL PERCEPTION.

By some singular instinet, says an exchange, a man
who was born blind can tell when he is opposite
an object, and can tell whether it is tall or short,
slender or bulky. He can also determine whether it
be a solitary object or a continuous fence; whether a
close fence or an open one, and sometimes whether a
wooden fence, a stone wall or a hedge. None of the
five senses has anything to do with this perceptive
povwer, says our contemporary, but the impressions are
made on the skin of the face, and by it transmitted to
the brain. This unrecognized sense is called “ facial
perception.” The presence of fog interferes with
facial perception, and makes the impression faint and
untrustworthy, but darkness is no impediment. A
noise which distracts the attention interferes with the
impressions. In passing along the street such a blind
man can distinguish shops from private houses, doors
from windows, and whether the windows consist of a
number of panes or a single sheet of glass.

AP —————

SYSTEMS OF PHOSPHATE MINING.

In the earlier days of the Canadian Phosphate
industry, mining was largely carried on by contract.
The miners provided their own dwellings, tools, and
supplies, and the owner of the property incurred no
outlay or expense, except to pay for phosphate won.
This was usually paid for at the rate of six dollars a
ton, the standard quality being seventy-five per cent.
and any phosphate below that grade was liable to
rejection. It was customary to pay monthly, at the
rate of five dollars a ton, on a measurement of twenty
cubic feet to the ton, one dollar's margin being
reserved for a final settlement on the weight. An
advantage of this system is that it avoids the invest-
ment of capital by the mine owner and saves him from
all risk of loss in prospecting for shows or in working
unproductive seams. Tt also secures an output that
would not otherwise be made, as mneighbouring
farmers will occasionally put in a few weeks' work
and produce ore at a rate that ordinary laborers would
not accept as day wages. But the disadvantages of
this method of working phosphate mines are many
and have caused a general abandonment of the system,
except for an occasional venture in a small way. The
chief difficulty is to secure good quality. The miners
build up walls with handsome blocks of apatite,
within which they pile as much dirt as opportunity

and conscience will permit, and the latter deterrent
is not often operative. As payment has to be made
monthly and every analysis by a chemist costs five
dollars, expense debars the owner from securing accur-
ate tests, and, as in winter time the piles freeze into a
solid mass, the difficulty of inspection is great. Many
a cargo of contract mined phosphate, upon which
great hopes of profit were based, has gone below
guarantee in Europe and been rejected by the pur-
chaser. Another objection to this system of mining
is the bad condition in which the propeity is left.
The contractor, intent only upon present gain, works
his pits in a cheap and shiftless fashion, having as
much débris as possible unhoisted and working in the
smallest space in which he can move. He ““gouges
out” the seam and moves to a new surface show to
repeat the operation, the consequence being that the
property is soon covered with holes in the ground
that require an outlay before they are workable.
There is a strong moral objection to this system. It
places men in a position where all their interest lies
on the side of dishonesty and where there is every
facility for its commission. Contract work in sinking
shafts and running drifts is popular and safe and is
largely resorted to at the Sudbury Copper Mines at
present, The men in such case are paid by the
fathom of excavation and their work is readily
checked. But the conditions of phosphate mining
are very different, and both materially and morally
the contract system of mining as applied to it must
be pronounced bad. .

The usual system of phosphate mining is by day
labor. The chief difficulty about it is the lack of
incentive to the workman to render faithful and
efficient service. 1f he can get through the day with-
out rebuke from the ‘“ boss” the less he does for his
wages the better it suits him. In large mines under
good superintendence and strict oversight and where
machinery is used a fair amount of effort is secured
from the men; but when the work is scattered over a
wide area or is under careless management the loss
from neglect on the part of the laborers is very great.
Many a small enterprise that properly managed might
have grown to success has been ruined by loafers.
The city owner makes a rare visit to the property and
sees things going on briskly. On other days the
manager takes his horse and buggy and drives to the
neighbouring town for a bar of soap or a hammer and
the men *“take it easy.” Over-estimated reports of
output are given and it is not long since a company,
that was supposed to have 500 tons of ore raised, dis-
covered a weight of only 150 tons.

A remedy for the ills of these two systems of
mining seems to exist in the form of co-operation or
profit sharing. Experience shows that it is impos-
sible to devise means to avoid loss by dishonesty and
laziness under the contract or wages system. Some
miners are dishonest and lazy and all have a good
deal of * human nature” in them and it is natural for
men to give as little work for the money as policy
will permit. The only effective way to overcome this
tendency is by stimulating self-interest. If the
miner'’s pay was contingent on the quantity and
quality of the ore raised, an inducement would exist
for him to use his best exertions. With a shifting
force such as is commonly employed in mines this
method is not easily practicable, but where steady
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_labor is employed and the men are residents of the
region some system embodying this principle of co-
Operation seems to bg feasible and it is to be hoped
that it may be trieq i the phosphate industry. It
was attempted in one cage a few years since, but as
the mineral wag scarce no amount of effort could
secure a profit, |p nearly every department of
Industry, associative work for commomn profit appears
to be proving its fitness by favorable results; but the

ifficulty of jtg applieation to mining has so far
afforded bat little opportunity for the introduction of
this humanizing system. If it could be tried under
suitable conditions and the success of the enterprise
was alike the concern and interest of employer and
employee or a mutual association of workers probably
the results would be satisfactory to the pocket as well

as elevating to the moral nature.—Canadian Mining
Review. :

FLUORIDES AS AGENTS FOR SOFTENING
HARD WATERS.

Dr. Doremus has recently found that sodium
fluoride and other fluorides can be used with advan-
tage for softening hard waters. He finds that the
precipitation of magnesium is especially thorough,
and that this reagent does not present any of the
serious difficulties that are met with in the practical
use of lime, soda ash, and caustic soda. The patentee
at first experienced some difficulty in obtaining this
reagent in large quantities at a reasonable rate, but
states that he has now induced manufacturers to sup-
ply this compound in large quantities at a figure which
will not prove prohibitive to the consumer.

e e

REVIVAL OF THE USE OF SUPERHEATED
STEAM.

There appears to be a decided tendency amongst
American engineers in particular, according to an
article which appeared lately in our contemporary
the Engineer, towards the revival of the use of super-
heated steam. Formerly it was the ordinary practice
of engineers to work with steam in this condition, and
there is no doubt whatever that unless the steam is

Ty & maximum economy cannot be gained. Surely
then there must have been some good reason for dis-
carding the practice; for, granting it were possible to
work with steam superheated sufficiently, there would

¢ enormous economy obtained in engines working
at high pressures and with large ranges of expansion.
The advantage would be gained of doing away en-
tirely with ceylinder condensation. The reason of the
chfxnge appears to have been that our engineers some
thirty years ago were not possessed of a satisfactory
lubricant, mineral ojls were then practically unknown,
and tallow, which wag the grease ordinarily used for
the cylinder, quickly cha:red under the influence of
Superheated steam, Agaic the packings used in stuff-
ng boxes were of hemp, and those would not remain
long now-a-days. As our contemporary points out in
contrast to this, we have mineral oils which will stand
8 high temperature without charring or thickening,
and we have metallic and ashestos-packed stuffing
boxes. Moreover, thirty years ago, the present piston

valves had not been brought into use, slide valves
only being adopted. After consid_ering the various
conditions which would be met with at the present
time in the adoption of superheated steam, our cog-
temporary goes on to make the following usef:ul sug-
gestions.  Assuming that it would be possible to
work an engine under the stated conditions, we have
next to consider how the steam is to be su[')erheated.
It may be said here at once that unless this can :e
done by utilizing heat which would otherwmeh )
Wasted, the economical advantage may be altogether
sacrificed. The superheater should be situated xlx;
some part of the flues, uptake, or chimney. In a
this there is no difficulty. The trouble is that
wrought iron pipes, used as ‘super.heaters, burn away
very rapidly, and, if used with high pressure steam,
serious accidents might readily ensue. When we
come to consider this difficulty, however, we find that
i is more or less traditional. The pipes were always
80 situated that they were raised tq a red heat,. or
something very near it, during the time the en%n?
Wwas standing, or while steam was being got up. Jn
less the engine was running, and steam passmgl'
through the superheater, there was nothing to coof
the pipes, for there was no current. The situation of
the superheater was much too hot. The pipes o

'een's economisers last a long time, and the w_*;ter
Within them may be raised to a temperature con’;lh or-
ably above that of the water in the boiler. _There
Would be little difficulty in making steam, on ;ts way
o a stationary engine, pass through a set 0 pﬁ&eg
aDswering in all respects to an economiser, in Wld o°
all the suspended moisture in the steam wou
vaporated and there would be mo_trouble mwi:
arranging the dampers that, until the en%:in?)e ras
started, the hot gases from the boiler wou

- verted from the superheating pipes. There would be

P .

Some trouble in making similar arraqgeme?;s Ztmze .
ut ingenuity would overcome this. — Machinery
arket,

THE USE OF ALUMINUM IN IRON
FOUNDRIES.

Mr. David Spence, in American Machinist t::ygn.
aring the past winter I have used aluml'?iuthin

fouudry opractice, and find that it is a splendi o th§
to make iron fluid and clean. It seems to takg a_.n e
impurities out of the iron when it is charg,;e Cl L he
cupola with the pig iron. Ten pounds o 'l({ o
ferro-aluminum to 2,000 pounds of pig u'ox:l \Ivl p
duce good, sound castings, free fx:om blowl oles. on

It is as good in the use of crucible stee a; l:s g
(its effects). It produces a sharp and S(Lll n cdéncy’
makes a uniform grain. It takes away the ten
to chill in cast iron. )

In sielenl it reduces the shrinkage, and mcflea.:ee:lthe
welding properties in both wrought iron mi 8 o

I recommend it to persons making too cask nas,
such as face plates, anddin fact alldkmds of wor
has to be planed, milled, or turne L

Thoere iI:; one ’thing that I like in its use, a?d:h:]:
s, it does mot weaken the iron or take t}:xe stre go f
from it, but rather adds to it. We are wint?e{l;ieve
Success with it in sewing machine qagtmgs.l I bollere
in progress in foundry practice, and am slway
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ing to give such things a trial, if I find that they are
a benefit.

I want other foundrymen to know it. I believe
we are making rapid progress in American foundry
practice, and the foundryman that is satisfied to run
his foundry in the same old-fashioned way his grand-
father did, is going to get left. And the younger
and more progressive men will come to the front.

———

A SIMPLE ELLIPTOGRAPH.

The accompanying illustration represents a neat
and useful little instrument for drawing figures of
elliptical form, which has been patented by Mr. C.
E. Egner, of Asarum, Karlshaum, Sweden. The
principle of the instrument is based upon the well-
known method of drawing an ellipse by means of a
pencil and a thread whose ends are fixed at its two
foci. The instrument consists essentially of a pen or
pencil fixed at right angles to a small horizontal bar,
at the other end of which is similarly provided a leg
¢ with a ball point which acts as a rest. On the top

of the bar a vertical handle, with a small reel a (con-
taining a double thread) at its lower end, is mounted.
This is revolved in order to lengthen or shorten the
thread to suit the size of ellipse to be drawn. The
thread passes down piactically to the point of the
pen or pencil, and is held secure by the small thumb-
screw b (shown). The ball-headed pins are pressed
into the paper at the foci of the required ellipse.
The thread is placed around them, and the curve is
then completed in the usual way. The instrument is
provided with pen and pencil, legs and pins, and is
neatly arranged in a small case. The combined set
can be obtained from Mr. C. I. Lundstrom, 17,
Fleminggt, Stockholm.

B 7 N ——

Lavenine BY TELEGRaAPH.—Telegraph operators
lead a highly monotonous life, and are entitled to all
the diversion they can extract from the unemotional
machine over which they preside. A laugh trans-
mitted over the wires cannot be of a very infectious
nature, but it can be accomplished, nevertheless.
When an operator becomes lonely, says the Indian-
apolis News, and his sounders are clicking out mes-

“to all jokes he replies h-a, h-a.

sages not intended for him he calls up some friend,
and opens a conversation. This of course, cannot be
continued long before something * funny” is said.
It then becomes the duty of the operator to laugh,
which he does by making four dots, then one dot
and a dash, thus: . ... . —, spelling ha. Thus
From the same
authority we learn that suprise or incredulity, as well
as amusement, can be conveyed by a few clicks;
thus, four dots followed by two dashes make the ex-
pression ‘ hm,” the precise meaning of which in any
given instance is to be judged, no doubt by the con-
text.

OIL AND GAS.

HOW A WELL JS DRILLED THOUSANDS OF FEET 1IN DEPTH,

When a gas or oil well is located, says L. A. Felter, in the
Indiana Farmer, the first step is to build over it a derrick,
which is a frame from sixty to ninety feet high, built of two
by eight inch timber in the form of a square pyramid. In
this is erected a * walking beam,” or horizontal rocking shaft
pivoted in the middle, twenty-six feet long, one end of which
is connected to the crank shaft of the engine ; to the other is
suspended the * drill,” or boring tool.

The drill ““bit” consists of a steel chisel blade, obtuse but
sharp, about eight inches wide, with a shaft about six inches
in diameter, about six feet long, weighing about 250 pounds.
The lower or cutting part is of steel, the shaft is of iron. The
““stem” is of iron rod, of the same size as the shaft of the bit,
into which it is screwed, and is thirty-three feet long and
weighs over 2,000 pounds.

In the upper end of the stem is a ring, by which the whole
is suspended by a two and one-quarter inch Manilla rope. The
drill is raised about three feet for a stroke, the weight being
about 2,300 pounds, and let fall on the rocks beneath. The
number of strikes average about forty-five per minute.

The hole is eight inches in diameter at the start, and the
drill chops its way down as far as possible—sometimes from
one hundred to two hundred feet ; when water or sand pre-
vents further progress, by caving, it is ne-essary to case the
whole with sections of iron tubing, having an inside diameter
of 5§ inches, which are screwed together and driven down to
the bottom of the hole.

Then a smaller drill, fitting the inside of the casing, is again
set to work as long as possible. When' again obliged to stop,
the casing is withdrawn and a *‘ reamer” or widening tool is
put down, and the lower portion of the hole is enlarged to
eight inches. Then the casing is again put down to the
bottom. In this way the work progresses until the desired
depth is reacned.

The drill is made with horizontal notches throughout the
entire length—as it often happens that the bit of stem breaks
while in the hole. In such cases a ‘‘ grab hook” is slipped
over the end of the broken piece, and in this way recovered.

The *“sand pump,” which is used to clean the sand and
pulvelrized rock from the hole, is simply a tube twenty feet
long and five inches in diameter, the valve being an iron or
copper ball four and one-half inches in diameter. This tube
is let down, and when filled is drawn out. The sand pump is
used about every five feet, and a sample of the rock cut is put
into bottles, numbered and labeled with number of feet and
character of rock.—The World's Progress.
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HOW AN OCEAN CABLE IS MADE.

Let us first see what a submarine cable is and how it is

made. To do this a visit must be made to the enormous fac-

tory on the banks of the Thames, & foew miles below London.
Here the birth of the cable may be traced through shop after
shop, machine after machine, The foundation of all is the
conductor, a strand of seven fine copper wires.  This slender
copper cord is first hauled through a mass of sticky, black
compound, which causes the thin coating of gutta percha ap-
plied by the next machine to adhere to it perfectly and pre-
vents the retention of any bubbles of air in the interstices
between the strands, or betweeu the conductor and the gutta
percha envelope. One envelope is not sufficient, however,
but the full thickress of insulating material has to be at-
tained by four more alternate coatings of sticky compound
and plastic gutta percha. The conductor is now insulated
and has developed into ** gore,” Before going any further
the core is coiled into tanks filled with water and tested, in
order to ascertain whether it is electrically perfect, 1. ¢., that
there is no undue leakaga of electricity through the gutta
percha insulating envelope,
These tests are made from the testing room, replete with
beautiful and elaborate apparatus, by which measurements
finer and more accurate than those even of the most delicate
chemical balance may be made.  Every foot of core is tested
with these instruments both before and after being made up
into cable, and carefal records are preserved of the results.
After the core has been all tested and passed, the maunufac-
ture of the cable goes on. The core travels through another set
of machines, which first wrap it with a thick serving of tar jute
and then with a compact arworing of iron or steel wires, ot
varying thickness, according to the depth of water in which
the cable is intended to be laid.  Above the armoring, in
order to preserve the iron from rust as long as poss.ble, is ap-
plied a covering of stout canvas tape thoroughly impregnated
With a pitch-like compound, and sometimes the iron wires
composing the armor are separately covered with Russian

hemp ag 4, adlitional preservative against corrosion.—
Scribner.

T

AN ELECTRIC POWER HAMMER.

Charles J, Van Depoele, who has been prominently identi-
fied with the development of electrical traction for street rail-
Way purposes, has devised an electric power hammer which
Tepreserts a radically new application of electro-magnetic
Principles. In general design the hammer is quite similar to
the steam hammer, with its vertical cylinder mounted upon an
arched frame, and the rising and falling piston by which the
hamuwer-head is carried. The novelty of the apparatus lies in
the substitution of electro-magnetic power for steam by s
slight and very simple modification of the mechanism. The
piston is of magnetic material, and the cylinder is composed
of a series of coils through each of which an electric current
may be passed separately. The apparatus is virtually an im-
mense electro-magnet, the cylinder being the coil and the piston

answering to the core. The passage of an electr‘ic curre.nt
through the coils forming the upper part of the cylinder raise
the piston into the maguetic field thus created. By cutting
off the current and simultaneously transferring it to the low?r
coils of the cylinder the piston is relewsed and its descent is
accelerated by the maguetic attraction created below.' As a
magnetic field can be created in any of the series of coils, the
blow may readily be shortened or lengthened as desirc.ad. 'll‘he
current is controlled by levers and connections identical with -
those used on an ordinary steam-hammer. The absen?e of the
steam-pipe is the only feature distinguishing the machine fro!.n
the common steam-hammer.— Electrical Mechanical and Mil-
ling News.

[V P P —

TESTING ARC LAMPS,
BY FRED. H. COLVIN,

There is in use at the main Brush Electric Light Station,
Philadelphia, an ingenijus and praiseworthy arrangement f?r
testing the arc lamps before they are sent out, or on repal:r
work. 1t is praiseworthy because it saves the eyes of the
workman and ingenious because of its novelty: N

The testing rack is of the usual form, but in front of etmd
lamp is placed a lens which is provided wlxth a racF snl
Pinion focussing arrangement, and fitted in a homont'ah
sliding way or frame so as to be readily adapted to eac
carbon.

SIMPLE METHOD OF TESTING ARC LAMPS.

The lamps to be tested are switched on as usual, btftl the
operator, instead of watching the carbon points themselves,
adjusts the lens to focus on the white wall etsveral feet away,
and there watches the enlarged and inverted image of the car-
bons in all their processes of burning, and sees much %;l:e
accurately than if he watched the carbonl_ themselves. R ixs
does not injure the sight to any perceptlbl'e degree, an s
not only bumanitarian, but gives a clearer idea of the action
of ) '

’i‘l:nee c:;f:)::panying figure will illustrate the plan quite
clearly.— Electrical Engineer.

hd ——————
A NEW LINE CONNECTOR AND JOINT.

* In all classes of electrical work it is necessary tlm' the hn;
connections at the joints should be as solid as p?ulble an.
offer & minimum resistance. It is naturally d‘euuble,.;hlo,
that the making of a joint should be nccomplu'hed qulckz
and inexpensively. Ths usual methods of soldering are :Ee.
to objections on the two last points, and morolov:r iy
soldered joint, there is apt to be more or less local elec roty e
action or corrosion as two different metals are brough
close contact.
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The new line connector invented by Messrs. W, A. Giles
and A. M. Hunt, U. 8. N., has been designed to overcome
both these difficulties, and is exceedingly simple in its con-
struction. .

It consists merely of a short, seamless copper tube of ob-
long section, shown in the engraving, Fig. 8, large enough to
contain the wires to be connected, which are insertel side
by side.

Fi1G. 1.

The ends of the tube are then grasped by clamps, and
twisted into the form shown in Fig. 1. During this twisting
process, the wires are pressed and rubbed into metallic con-
tact against each other, and the tube is drawn so tightly
around them that the connection is practically a solid mass of
copper, having even less resistance than an equal length of
line wire. No soldering is necessary, and no local electrolytic
action can therefore take place. Fig. 2 shows a section of a

finished joint.
F1c. 3.

Fi16. 2.

Wires of different sizes can be joined in the same way, as
by sufficient twisting the tube can be made to conform to the
shape of both.

The little device seems certainly destined to a wide appli-
cation, not only in telegraph and telephone work, but es-
pecially in the distribution of current for lighting and power
purposes.— Electrical Engineer.

EXPLANATION OF ELECTRICAL WORDS, TERMS,
AND PHRASES.

( Frem Houston’s Dictionary.)

Ampére.—The practical unit of electric current.

Such a current (or rate of flow or transmission of electricity)
as would pass with an E. M. F. of one vol¢ through a circuit
whose resistance is equal to one ohm. That is to say, a cur-
rent of the definite strength that would flow through a circuit
of a ceitain resistance and with a certain electro-motive force.

Since the ohm is the practical unit of resistance, and the
volt the practical unit of electro motive force, the ampére, or
the practical unit of current, is the current that would flow
against unit resistance, under unit pressure or electro-motive
force.

To make this clearer, take the analogy of water flowing
through a pipe under the pressure of a column of water. That
which causes the flow is the pressure or heud ; that which re-
sists the flow is the friction of the pipe, which will vary with
a number of circumstances. The rate of flow may be repre-
sented by so many cubic inches of water per second.

As the pressure of head increases, the flow increases propor-
tionately ; es the resistance increases, the flaw diminishes.

Electrically, electro-motive force corresponds to the pressure
or head of the water, and resistance te the friction of the water
and the pipe. The amjre, which is the unit rate of flow per
second, may therefore be represented as follows,

E
viz.: C s —, as was announced by Obhm in his law.

This expression signifies that C, the current in ampéres, is

equal to F, the electro-motive force in volts, divided ty R, the
resistance in ohms. .
& We measure the rate of flow of liquids as so many cubic
inches or cubic feet per second—that is, in units of quantity.
We measure the rate of flow of electricity as so much electri-
city per second. The electrical unit of quantity is called the
Coulomb. The coulomb is such a quantity as would pass in
one second through a circuit in which the rate of flow is one
ampere.

An ampére per second is therefore equal to one coulomb.

The electro-magnetic unit of current is such a current that,
passed through a conducting wire bent into a circle of the
radius of one centimetre, would attract a unit magnetic pole
held at its centre, and sufficiently long to practically remove
the other pole from the influence, with unit force, .c., the
force of one dyne. The ampere, or practical electro-magnetic
unit, is one-tenth of such a current; or, in other words, the
absolute unit of currcnt is ten amperes.

An ampére may also be defined by the chemical decomposi-
tion the current can eflect as measured by the quantity of
hydrogen liberated, or metal deposited.

D:fined in this way, an ampére is such a current as will
deposit .00032959 grammes, or .005084 grains, of copper per
second on the plate of a copper voltameter, or which will de-
compose .00009326 grammes, or .001439 grains, of dilute
sulphuric acid per second, or pure sulphuric acid at 59° F.
diluted with about fifteen per cent. of water, that is, dilute
sulphuric acid of Sp. Gr. of about 1.1.

Ampére-Hour, Ampére-Minute, Ampére-Second.— One
ampére flowing for one hour, one minute, or une second, re-
spectively.

The ampére-hour is in reality a unit of quantity like the
coulomb. It is used in the service of clectric currents, and is
equal to the product of the current delivered, by the time
during which it is delivered. The ampére-hour is not a mea-
sure of energy, but when combined with the volt, and ex-
pressed in watt-hours, it i« a measure of energy.

The storing capacity of accumulators is generally given in
ampére-hours. The same is true of primary batteries.

Oue coulomb = .0002778 amyére-hours.

One amy ére-hour = 3,600 coulombs.

Ampére-Meter ; Am-meter.—A form of galvanometer origi-
nally designed by Ayrton and Perry to indicate directly, the
strength of current passing in ampéres,

Like all galvanometers, the strength of current passing, %.e.,
the number of amjéres, is indicated by the deflect on of a
magnetic needle placed inside or over a coil of insulated wire
through which the current to be measured is passed.

In the form originally devised by Ayrton and Perry, the
needle came to rest almost immediately, or was dead beat in
action. It moved through the field of a permanent magnet.
The instrument was furnished with a number of coils of in-
sulated wire, which could Dbe connected either in series or in
multiple-arc by means of a commulator, thus permitting the
scale reading to be verified or calibrated by the use of a single
voltaic cell. In this case the coils were turned to series, and
the plug to the left pulled out, thus introducing a resistance
of one ohm.

A great variety of ampére-meters, or am-meters, have been
devised. They are nearly all, however, constructed on essen-
tially the same general principles.

Ampere=Feet.—The product of the eurrent in ampéres by
the distance in feet throngh which that current passes.
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It has been suggested that th
employed in expressin
the field magnets of ¢
apparatus.

Ampere.- Turns, or Ampére.-
winding through which one am

The number of ampéres mul
ings or turns of wire in a coil

e term ampére feet should be
g the strength of e]ectro-magnetism,. in
yoamo-electric machines or other similar

Windings.—A single turn or
pére passes.

tiplied by the number of wind-
give the total number of ampére-
turns in the coil. The maguetism developed hy a given num-
ber of ampere turns, is independent of the carrent or of the num-
ber of turns of wire, as long as the product of the ampéres and
the turns remains the same. That is to say, the same amglmt
of magnetism can be obtained by the use of many windings
and a small current, as in shunt dynamos, or by a few turns
and a Proportionally large current, as in series dynamos.

Ampére-Volt.—A watt, or v}y of a horse-power.

This term is generally written volt-ampere.

Ampérian Currents.—
in the Ampérian theory
cules of a magnet.

The Ampérian current

The electric currents that are assumed
of magnetism to flow around the mole-

8 are to be distinguished from the
Eddy, Foucault, or Parasitical Currents, since, nunlike them,

they are directed so as to produce useful effects.
Analysis, Electric.—Aﬂcertaining the composition of a
sub-tauce by electrical means,
Various processes bave been
they consist essentiall
means of electric curre
titative.

proposed for electric analysis ;
y in decomposing the substance by
nts, and are either qualitative or quan-

Angle of Declination or Variation.—The angle which mea-

sures the deviation of the magnetic needle from the east or
west of the true geographical north.

F1a. 16.

Thus, in Fig. 16, if N § represents the true north and south
line, the angle of declination is N 0 A, and the sign of the

variation ig east, because the deviation of the needle is to-
ward the eagt,

Angle of Dip o Inclination.—The angle which a mag-
netic veedle, free to move in a vertical and horizontal plane,
makes with o horizontal line passing through its point of
support,

A magnetic needle supported at its centre of gravity, and
capable of moving freely in a vertical as well as in a horizontal
Plane, does not retain a hop izontal position at all parts of the
earth’s surface. .

The angle which marks its deviation from the horizontal
position is called the angle of dip or inclination.

4Angle of Lag.—The angle through which the axis of mag-
netism of the armature of a dynamo-electric machine is shlﬂ;e‘d
by reason of the Tesistance its core offers to sudden reversals
of magnetization, . :

A bi-polar armature of a dynamo-electric mach}ﬂe has its
magnetism reversed twice in every rotation. The iron of the

core resists this magnetic reversal. The result of t!us l:estst-f
ance is to shift the axis of magnetization fn the dlrectlol:l 0n
rotation. The angle through which the axis has thereb; eei.
shifted is called the angle of lag. This term, anqle.of ag,u .
sometimes incorrectly applied so as to include a similar rer:ent
Produced by the magnetization due to the armature. c: n
itself. Tt is this latter action which, in armatures with so
iron cores, is the main cause of the angle of lead.

Angle of Lead.—The angular deviation fr.om the zormo:l
Position which must be given to the collectl.ng br\;ls. o8 n
the commutator cylinder of a dynamo-electric machine,
order to avoid destructive burning. )

The necessity for giving the collecting brus.;hes a lead,ﬁa;';st:;
both from the magnetic lag, and the distortion of the eent
the machine by the magnetization of the armatu;et;:r; 1;
The angle of lead is, therefor, equal to the sum o t-m::;go”
of lag and the angular distortion due to the magnets
produced by the armature current. N

Animal Electricity.—Electricity produced during l; "
the bodies of certain animals, such as the Torpedo, the Gym
notus ilurus. .

801;1: :t‘l ::::sflanitha]s, when of full size, are able to glV:
very severe shocks, and use this curious power as a means of
defence against their enemies. )

Al anigmals probably produce electricity. If the spu:;llll o:;(:
of a recently killed frog be brought 1fxto contac:(w;t s
muscles of the thigh, a contraction will ensue (Matte mt
The nerve and muscle of a frog, connected by a water co::e ot
with a sufficiently delicate galvanometer, show tl.)eRpremond
of a current that may last several hours. Da Bois-Ray '
showed that the en(l:e of a s2ction of muscul‘ur fibres are :teg:y
tive, and their sides positive, and has obtained a curre
sui ing them. . .
“2‘;;’2:;‘:]1:: t::.oﬁtmgtions apparently produce electric cur:
rents.

Anion.—The elextro-negative radical of a mol;culi:- stoms.
Literally, the term on siguifies a group of .wé;; e;ecgmposed
An anion is that group of atoms of an elec‘tlnca Myde
or electrolysed molecule which appears at the a iti;e terminal
As the anode is connected with the electro-pos ative radical
of a battery or source, the anion is the elec:r:’;:wfkdm.p”mw
OF group of atoms, and therefore appears dical, appears at
terminal. A kathion, or electro-positive radi negative ter-
the kathode, which is connected with the_e]ec“o :igns Hy-
minal of the battery. Oxygen and chlorine are a )
drogen and the metals are kathions. . or
;nicotropic Conductor.—A conductor whl.ch. t:wg:ifl;':znt
geneous in structure like crystalline b‘fd“:” c:Bstals have
Pbysical properties in different dil:ectlons. Jus d::'erex{t crystal-
different properties in the direction of the di
line axes. ) : ric
Anissiropic conductors possess different 4powcgrsﬂ<::’ :le:‘:,:ct
condution in differsnt directions. They diffsr in
from isotropic conductors. » .
Anode.—The eonductor or plate of a decomposlt“;" cflt:::-
nected with the positive terminal of a battery, or other
cal source. , urrent
That terminal of an electric source ?ut i w"w:‘o:r:t:etot is
flows into the liquid of a decomposition cell or. rource fato
called the anode. That terminal of an e,le,c m:;ll or volta-
which the current flows from a decomposition
meter is called the kathode. itive terminal
El‘:xe l:n:de is connected with the wbo'n orlros;i::: or nega-
of & voltaic battery, and the kathode with the
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tive terminal. Therefore the word anode has been used to
signify the positive terminal of an electric source, and kathode
the negative terminal, and in this sense is employed generally
in electro therapeutics. It is preferable, however, to restrict
the words anode and kathode to those terminals of a source at
which electrolysis is taking place.

The terms anode and kathode in reality refer to the electro-
receptive devices through which the current flows. Since it
is assumed that the current flows out of a source from its posi-
tive pole or terminal, and back to the source at its negative
pole or terminal, that pole of any device connected with
the positive pole of a source is the part by or at which the
current enters, and that connected with the negative pole, the
part at which it leaves. Hence, probably, the change in the
use of the words already referred to.

Since the anion, or the electro negative radical, appears at
the anode, it is the anode of an electro-plating bath, or the
plate connected with the positive terminal of the source that
is dissolved.

When the term anode was first proposed by Faraday, voltaic
batteries were the only available electric source, and the term
referred only to the positive terminal of a voltaic battery
when placed in an electrolyte.

Anodic Opening Contraction.—The muscular contraction
observed on the opening of a voltaic circuit, the anode of
which is placed over a nerve, and the kathode at some other
part of the body.

This term is generally written A. O. C. When the anode is
placed over a merve and a weak current is employed, if the
circuit be kept closed for a few minutes, it will be noticed
that, on opening, the contraction will be much greater than
if it had been opened after being closed for only a few seconds.
The effect of the A. O. C. therefore depends not ouly on the
current strength but also on the time .during which the cur-
rent has passed through the nerve.

Annunciator, Electro-Magnetic.—An electric device for
automatically indicating the places at which one or more
electric contacts have been closed.

Annunciators are employed for a variety of purposes. In
hotels they are used for indicating the number of a room the
occupant of which desires some service which he signifies by
pushing a button, thus closing an electric circuit. This is
indicated or announced on the annuciator by the falling of a
drop on which is printed a number corresponding with the
room, and the ringing of a bell to notify the attendant. The
number is released by the action of the armature of an electro-
magnet. The drops are replaced in their former position by
some mechanical device operated by the hand. In the place
of a drop a needle is sometimes used, which points to the
number signalling, by the attraction of the armature of an
electro-magnet.

Annunciators for houses, burglar-alarms, tire-alarms, eleva-
tors, etc., are of the same general construction.

e ——

THE PROPOSED ADAMS ELEVATED ELECTRIC
RAILWAY SYSTEM IN CHICAGO.

Like all cities whose population is spread over a wide area,
Chicago, has for a long time experienced the want of a rapid
transit system. It is true that it possesses even now a yystem
of cable and horse cars probably not inferior to that of any
other city of equal size, but the speed obtainable with these,
even under the best conditions, does not satisfy the wants of
he large majority who live at a distance from their place of

occupation, and those also whose business requires a quick
method of reaching the various parts of the city.

It is obvious that to obtain the desired speed some other
method than the surface railway must be adopied, and with
the great cost of an underground railway to be contented with,
an elevated road is held to be at preseut the ouly solution of
the problem.

Among those who have been prominent in agitating such a
system for the city of Chicago is Mr. J. W. Adams, who has
devoted a large share of his attention to the subject, and has
elaborated a plan of construction and opoeration for such a road
which cannot fail to attract the attention of electrical en-
gineers.

The plan proposed by the Adams Company contemplates
the erection of a singlo track, single column elevated railway,
80 as to present as little obstraction as possible to traffic and
light in the streets, and the operation of the road by elec-
tricity, thus at once removing one of the principal objections
to the elevated railway.

It is designed to effect the rapid and effective handling of
passengers by frequent and rapidly moving single cars, and by
confining entrance and exit to the opposite sides of the rear
platform in charge of a gate man. The uss of ths single car
instead of a train allows of a great reduction in time required
in starting from rest to full speed, as well as in stopping at
stations, so that an average speed of 20 miles per hour is con-
fidently looked for as practical in this system.

The cars will be operated continuously in the same direction
on a loop 20 miles in length, and at a distance apart of 750
feet, which is equivalent to a headway of 20} seconds; this
is considered perfectly practicable with single car units, and
with the special track brakes to be employed, so that 140 cars
would be in coutinuous operation on the circle.

The proposed construction of the elevated structure and the
cars will be realily understood from the accompanying en-
gravings.

The columns supporting the superstructure are about 14 feet
in height in the clear, and set 40 feet apart, and their dimen-
sions are 15 x 18 inches ; they are set in concrete about 8 feet
deep in the ground. The girders forming the superstruction
are 3/ 8// in height by 2/ 6/ in extreme width. The strength
of the whole structure is such as to sustain a moving load of
20 tous per car including dead and live loads, and 25 per cent.
added to the strains derived from the above stated loads, the
sections of the main girders being proportioned accordingly.
"This construction has been figured on the basis of carrying a
maximum capacity of 279,000 passengers per day. Each car
will be provided with two 4/ 6// drive wheels, each of which
is rigidly connected to a 2 foot pilot wheel, all being made of
paper. These two wheels are supported, and both swivel on
the same turn-table, and adapt themselves not only to the
curves, but to the slightest irregularities of the track, making
the movement of the car very easy. The rail employed is of
special design, having the tongue space in the center and is
rolled for this purpose, and the wheel is constructed with the
flange in the centre.

Our readers will, of course, be particularly interested in the
electrical arrangements to be adopted. These have been
under consideration for some time by Mr. Frank B. Rae, the
electrician and engineer of the Detroit Electrical Works, who
has been retained as consulting electrical engineer to the road.

It is proposed to equip the cars with a double field motor
having two armatures and gearing, by bevelled pinion, directly
to the large wheel of the truck, as shown in the plan, Fig. 3.
By this construction, the power is applied equally to both
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sides of the wheel and end thrypst upon the bearings is entirely
eliminated. The electrical horse power of the motor will be
normally 50 h. p., the motor being designed to develop for a
short time at least 75 . P. The ratio of reduction by the
gearing will be 9 to 1 apq the maximum velocity of the
armatures at a car speed of 25 miles per hour will be 1,400
revolutions per minate. By the use of leatheroid and raw
hide piniong upon the motor shafts and by the use of paper
wheels, the noise will be reduced to a minimum.

In considering a system of 20 miles of track, the maximum
number of cars that can be operated practically is determined
largely by the number of stops that will be made by each car,
for the reason that the time required to raise the car from its
position of rest to ful] sbeed depends upon the power available
to overcome inertia and this is limited to the capacity of the
motor.  The weight of the loaded car is taken at 20 tons and
the extreme maximum power of the motor for a few seconds,
when it is just reaching the maximum speed of 25 miles per
hour, is 70 h, P.

In the determination of the copper required to supply power
as above to 212 Cars, on a basis of 1 stop in 3, it is thought
that the maximum draught cannot exceed that required by
two-thirds the total number of cars, each taking the average
number of hotse-power which is required to raise it to a speed
of 25 miles per hour from rest, so that the maximum horse-
Power equals 3 x 212 x 36, or, 5088 at the wheel axle. Allow.
ing 80 per cent. efficiency jn gearing, 80 per cent. efficiency
of motors and 90 per ceut. in conductors, thig figure becomes
8,833 electrical h. V- delivered to feeders. This would call for
& weight of 2,253,450 Ibs. of copper, in order that the loss
shall not exceed 10 per cent. This loss is deemed both prac-
tical and economical. Reducing this copper to cost per mile,
we have 2.253. =112,673 1bs., which at the present market
brice of 19.75 cents per Ib. amounts to $22,243 per mile exclu-
sive of erection,

The station electrica) equipment would consist of 20 dynamo

machines, having o capacity of 500 h. p. each, aggregating
10,000 h. p., and driven in banks of five machines from triple
expansion engines of 2,500 h. p, each, with a reserve capacity
of 10 to 20 Per cent. above this. Each of the dynamo
Mmachines would he connected to the engines through a counter-
shaft and cluteh pulleys and so arranged mechanically and

electrically that any single unit of 500 h, p. might be con-
nected or disconnected at will ; thus the number of dynamo
machines operated at any time

may be only that required for
the service at, the time.
Each car is to be lighted with ineandescent lamps as follows :
1 head light, 1 rear req light, 1 rear platform light, and 12
inside lights ; tota] 15 lamps. Total for 212 cars, 8,180
lamps.
Each station is designed to have 10 lamps.
total for 10 stations,
This would cal) upon
when all are ip use,
ical horse-power.
As indicated above,
2,500 h, P- of the com

This would give,
1,050 ; cars, 3,180 ; total, 4,280 lamps.
the power plant for additional 425 h. p-
taking on an average 10 lights per mechan-

the engines to be employed would be of
pound condensing type, consuming, say,
3 lbs, of low grade coal per horse-power per hour. The station
ie to be situated near water, so that no cost will be entailed

for water. The price of slack coal at Chicago is about $2.00
ber ton, deliveres

The central station ex

benses per day of 18 hours, with an
verage load &,000 1. P are assumed to be as follows :

Coal. ..., Tt ittt eeeee ... $432.00
3 enginesrs ut $4.00 12.00

srrere seseversenane
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3 engineers at $3.00,.................. 9.00
4 firemen at $2.00..................... 8.00
2 electricians at $4.00......... ceseaes.  8.00
2 asst. electricians at $3.00...000.00veee 6.00
Oil, waste, elC. .t iiiiie it iiiiee,... 10.00
Total..oovvvevevrvinnen....8485.00

It will, of course, be understood that these ele?trical esti-
mates are merely preliminary in their natare and will no doubt
be subject to more or less modification when ‘the d'etalls t? be
adopted are thoroughly worked out. The project is 'certamly
8 feasible one and it is to be hoped that Chicago will afford
the opportunity of demonstrating the andoub.ted eco{xomy
which can be effected by electric traction.—Electrical Engincer.

e .

The plan of extinguishing fire by electriait?v has been auo;i
cessfully introduced by Mr. H. Lufkin, and if it is perfectcfu
83 promised will no doubt be a popular system among mi
and shop owners, He proposes to modify the present syst;m
of automatic sprinklers by the use of a motor and pump an a
complete system of sprinkler piping. On eash floor, o‘r n;
40y number of places on the floor, are placed in couvemend
Positions push buttons for the starting‘of the motor tlsnte
PUmp and the opening of any valve required. The'comp e ;
and instantaneous control of masses of water tlfu? gx}med{ x;in
the ability to localize their flow, suggest pc.)sslbxhtles of fire
extinction which will materially increase its ease and cer-
tainty ~—Electrical, Mechanical and Milling News.

{1t is exceedingly gratifying to read the above.a.nd see that
at last g plan has been formed whereby electricity may be
employed to extinguish fires.  So much has been said
l*‘telbﬁ of fires which have been started or thought to
have started by the electric light that
an invention like the above will be warmly received n.ot only
88 & means of saving property but of dispelling prejudice and
correcting erroneous opinions in regard to the safety of the
electric light. —Ep.)

wires,
been

— e

AN AGE OF STEEL AND CLAY.*

Loug ago, architects recoguized that the tom]bsiot: ; ::i:aud
ments, the temples that are left to us by peop. :.t fl anners,
out of history, are a sure indication of the hahl :, i1t them,
customs, religion and the arts of the peopls who thuese build-
as adapted to the material obtainable. Moreover.t in a more
ings, often magnificent, are but the enlargemen the orem
Permanent iaterial of the homes and the tombs o R EOPIE.
inent citizens, and even of the huts of the.commo f;in o
The columns of the great temples on the Nile ar:; ol o the
au imitation in stone of buadles of P“Py".l; re: tls)’es: reeds
eutire temple shows its origin in a house built o d unburned
and clay. Here was at first an age of reeds ;n aation boe
clay, and later, as civilization advanced and the hly or
came powerful, and the governmen't more ;do“::]givisions
ganized, there was an age of stone. Like the or t::d ; an age
of the ethnologist, an age of stone, rade or Podlsced ; B
of brouze and an age of iron, which wero rep;o umte Ay
over again by different people, acco::dmg tot t; xs‘,'a tho ago of
zation ; 1o the diﬂ;erent ages of building—suc

icago
" A paper by Mr. W. L. B. Jenney, szf}:l:z :2«14 ?:’:3::‘.
Architectural Sketch Club, and published in
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reeds, of clay (unburned and burned), the age of stone and
the age of iron have appeared and held sway for more or less
centuries, influenced by the environment.  The age of reeds
still exists in China and among the Malays, and among many
savage tribes. The same is true of unburned clay. The age
of bricks existed in Chaldea and Assyria, where the broad
alluvial plains farnished abundance of clay, while all other
building materials were difficalt to obtain. So long did these
nations exist in a high state of civilization that they invented
most of the forms of brick and methods of brick con-
struction known to-day ; the unburned brick of clay and
straw, the kiln-burned brick of numerous forms, enamelled
brick, plain and decorated and of many colours.  The old
stories that the round arch was of Etruscan invention, and
pointed-arch Gothic of the Middle Ages, is here given the lie.
Both of these arches are found built in brick with radial
joints in the valley of the Euphrates and the Tigris, dating
some twenty centuries before Christ, some of them in beau-
ful figured enamelled brick.

The age of stone existed in all its perfection in Central
Europe in the Middle Ages. There stone was used in the
great cathedrals, with all the skill and all the knowledge that
has ever been applied to similar stone construction.  The
most careful analysis of the construction of such great
cathedrals as Rheims, Amiens and Rouen develops a
knowledge of the arch and the pier that the architeets of
to-day could not excel. The entire interior is of cut stone.
The arch ribs carry a stone ceiling. The thrasts are taken by
an elaborate system of graceful flying buttresses.  The walls
reduced to piers between great windows filled with painted
glass. The least amount of stone consistent with stability ;
and yet the thirteenth.century work is in good preservation
to-day, magnificent monuments illustrating the science and
the art of the age.

This age of stone passed away and a more complex age ap-
peared : an age of stone, brick and wood, cheap and quickly
constructed, made necessary by the advance of civilization,
the increase of commerce and manufactures and the rapid
growth of the cities. Brick wails sometimes faced with stone,
wooden joists (interior posts of wood or iron), columns in the
street fronts of cast-iron. These buildings with their wooden
joists, stud partitions and wooden lathing were combustible,
and great fires often occurred, at times destroying eutire
cities and causing great losses. Something more stable was
necessary. Iron had long been in partial use.  The iron in-
dustries were extending, new mines opened, new furnaces
and rolling mills established. The demand for structural iron
increasing, the I-beam was invented and recognized as the
most economical shape for floor joists and girders. Iron, al-
though classed as an incombustible material, is nevertheless,
if unprotected, destroyed by the heat of a burning stock of
goods.  The early fireproof buil lings were floored with brick
or concrete arches between I-beams. These arches were
heavy and left a ceiling not pleasing to the eye beside the
lower flanges of the beams, and the columns were not pro-
tected. Progress was slow, and but few fireproof buildings
were erected in this country.

The hollow terra-cotta fireclay arch was invented—strong,
light and of less cost than the old methods, and more
effective. With this material it was easy to entirely cover
the I-beam and form a flat ceiling that only required plaster-
ing and to protect the colamns, for it could be readily
moulded into the shapes most convenient for each purpose.
We then entered upon an age of iron.  All important public,
and some private buildings were of masonry or of iron backed

with masonry. The interior columns, girders and beams of
iron ; the floors and partitions of hollow fireclay tile. ~ Oue
step more and in the outside walls iron columns inclosed in
masonry took the place of the old masonry pier. This was
first introduced extensively in the Home Insurance building
in New York.

Steel had been long known, but was too costly for building
purposes. The Bessemer process had changed the railway
rails from iron to steel, and Carnegie rolled some 1-beams of
steel and sent them with his compliments to be used in the
Home Insurance building, instead of iron. This only about
four years ago. The advantages of steel were soon recognized.
The tensile strength of good, mild steel as compared with
iron is 20 to 25 per cent. more, or 60,000 to 64,000 pounds
per square inch for steel and 48,000 to 50,000 for iron.
Hence steel construction is lighter than iron, and as the price
per pound is the same, there is a large saving in cost. Hence
ag a natural consequence steel rapidly took the place of iron
and we entered upon an age of steel, our important buildings
becoming literally and completely a steel construction fire-
proofed. The masonry reduced to the very minimum, not
only carrying no weight, but being itself carried by lintels of
steel from column to column over each window, as in the
Home Insurance building, the Tacoma and the Leiter build-
ings, the Rand-McNally building, etc., all in Chicago. The
steel is only covered by thin terra-cotlta, brick or stone.
As an immediate consequence of this method of coustruction,
our Chicago buildings rose rapidly from six storeys to six-
teen, for the lightness of this construction enabled the
architects to find room on Chicago’s soft compressible clay for
their footings. Steel has now become such an all.important
factor in the construction, not only of all our important
buildings, but also of all the navies of the world, of the rail-
ways, their rails, bridges, stations, rolling stock, etc., that we
may falrly claim that steel is to-day an important element of
our civilization, rendering possible and profitable what would
otherwise be quite impractible, so that 1 hope to be able to
make interesting a brief account of the manufacture of con-
structional steel, such as bas so suddenly burst from an
unknown industry but a few years ago into such universal
use to-day. The use of steel in building construction is in-
creasing faster even than the means of manufacture.  To-day
in Chicago it is impossible to obtain steel beams as rapidly as
they are wanted, and many of our buildings are badly delayed.
As well as one can judge, the demands for the coming year
will be beyond the present output of the mills,

Structural steel is a special kind that experience shows to
be best adapted to constructional purpeses. It contains a
little more carbon than iron, and is known as mild steel.
Speaking broadly, wrought iron contains 0-00 to 0°10 carbon ;
structural steel contains 0.12 to 0.15, about § of 1 per cent. ;
high grade steel for tools, machinery, etc., contains 0°18 to
1-15 ; pig-iron contains 2 per cent. to 5 per ceut., or even 6
per cent. Most of the structural steel in use is made by
either the Bessemer process or the open-hearth process. Rails
and beams in large part are made by the Bessemer process,
while boiler and armour plates are made by the open-hearth
process, though some beam mills use the open-hearth process,
which is becoming cheaper by the ability to use cheaper pig.

It is necessary that the architect should be certain that he
obtains the quality of steel upon which his calculations are
based. His specifications are substantially as follows in the
essential particulars :—From each blow ot the converter, or
from each charge of the furnace, an ingot shall be cast and
rolled into test bars, which shall be pulled and the test
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sheets sent to the architect with each shipment, The tests
shall be as follows :—The elastic limit not less than 3,200 1bs.
per square inch.  The elongation to be not less than 22 per
cent. For all plates, angles and Z bars there shall be in addi-
tion to the above a quench test. The bar to be heated to
cherry red and plunged into water at 82 degs. Fahrenheit,
and then bent cold over a bar of diameter equal to the thick-
ness of the bar to be tested. This bending to be made with-
out any signs of fracture, After the foregoing tests Liave been
made and the metal has been accepted, the rolled material
shall be examined for sarface defects.  All beams, plates,
augles, Z shapes or other material shall be free from any in-
Jurious surface defects, and shall be straight and true and
free from any twisting. All rivetted work shall be put to-
gether with hot steel rivets of superior quality, such as are
used for steam-boiler work. They shall bend cold on them-
selves without showing any signs of cracks. All rivetted
work shall be true and straight and free from any injarious
defects.  All columus shall be straight and free from any
twist. The seats or bearings of all columns shall be true aud
Square, 80 that the column shall stand plumb with an even
bearing over the entire surface of the conmection. Should it
be necessary to put in any filling, said filling shall be of
plate steel, and shaped to fit exactly, and to bring the column
plumb and to the proper level. No material that docs not
fill these specifications will be accepted.

Structural steel is by no means confined to beams : it in-
cludes also plates, angles, Z’s and other shapes uged for
making stee) columns, plate girders, etc. The steel column
is coming into general use in our new buildings. Only a
year ago it was an open question which should be used, the
cast-iron columns or the rolled and rivetted steel column.
Our specifications for cast-iron columns demanded that from
each heat of the cupola or melting-farnace two or three bars
should be cast 1 inch square and 5 feet long and tested by
placing on firm supports 4 feet 6 inches apart and loading in
the centre with 470 lbs. without breaking.  This guarantees
the metal to be of sufficient strength so that, as far as metal
alone is concerned, cast-iron can be obtained of a thoroughly
satisfactory quality. The same is troe of the rolled steel.
A heavy cast-iron column made with all possible care and
skill is liable to hidden defects, Our specifications demand
that the column shall be drilled twice at right angles, so that
the inspector can measure the thickness in two places, from
which he can judge of the balance, but it must often be the
case that other parts are deficient on one or more sides.
Equally dangerous are 8pongy or honeycomb-like places caused
by the gases blowing through the metal, and also what are
called cold-shuts, formed by the metal cooling so much as it
runs through the monld as not to thoroughly unite, when
from two sides it comes in contact. Sometimes defects from
either of these cauges are readily discovered, at others they
are only detected after the most thorough examination an
inspector can make by a careful scrutiny and by tapping all
over the column with g light hammer, listening for any
change in the sound. Sometimes the sound enables the
expert to detect g very serious defect, that otherwise would
entirely have escaped his notice.  As the cast-iron column
¢an only be examined on the outside, one can never be sure
of a perfect column ; for this reason, architects only load a
cast-iron column with one-eighth of the breaking load, sup-
Posing the column to be perfect. The rolled steel column is
made up of pieces that are all inspected for metal, and on all
sides for surface defects before the column is built up, and
then after the column is finished the workmanship is again

inspected, so that one can be reasonably sure th?t a sf:eel
column is perfect. Hence the architect feels safe in loading
the steel column with one-fourth the breaking load.  Hence
steel columns weigh much less — only about on?-haltz the
weight of cast-iron columns. This reduction in weight is an
important item in the construction of tall buildings on our
compressible soil, which can only be safely loaded \.wth one
and one.half tons per square foot on the foundations, for
Chicago soil is soft compressible clay of some 60 feet or more
in depth, and any greater load per square foot than one and
one-half tons causes too great settlement. )

It is a very difficult problem to adjust the fonn(.lah'ons to
the ground so that the weights shall be uniformly dlstnbu'ted
for they practically cover all the ground under our tal'l build.
ings and spread out as far as practicable under the sxdev.val.k
and into the alley.  Hence it is easily understood why it is
that the steel column is so generally taking precedche.
From this day on it will be the rule, and the cast-iron
column will only be used in unimportant structur:es. In con-
clusion, the question naturally arises, What is the near
future of steelt 1t is probably greater than anyone would
have the courage to foretell. Inventions that per.mxt the use
of cheap, easily mined ores; improvements that increase .the
production of g given plant ; the inventions of labor-saang
appliances for every branch of the work; the. concent_ratxon
into immenge plants carefully planned by skilful engineers,
running continually 24 hours a day and 365 days a year, m:
creasing the output and reducing the expense of pt'({ducl:lol:l ;
and with all this, a steady improvement in the quality of the
metal, will make steel cheaper and more and more popular.
Its use will be extended in every direction. Before lo?g
every hotel, apartment, house, theatre and school-house vt'xll
be fireprcof.  Archj tects have already commenced to des;lgn
fireproof dwellings, und ere long they will be the ru'le r;td?r
than the exception. Iron railroad ties were used in In l:a
years ago, because of the perishable nature of wo.od in t e
tropics. We can certainly look forward to steel railroad ties
in the near future and to its use for many purposes mot
thought of to.day.

Thi interest thyat the world is taking in the mannfach'xre off
steel is well shown by the recent visit of a large delegfztu:in o
European metallurgists, who were recently enter::ma. ::
Chicago. They paid many a compliment to the melr’lc
manufacturer for his admirable system and tbe. many la our-
saviug appliances, and his methods for increasing p'rohductx;::;
and they left with their note-books well filled with use
hints,

In buildings of all classes steel will snper'sed.e all ot_her mat
terial for the construction, but steel alone is msuﬁic;;,nt ;hle
must be fireproof, and there must be external w?lls. o: -
floors and partitions we have made some recent. xmproven:hin ’
Principally in muking better and light.er materisl. Soéne roof
Bew is required for the exterior—hg?xt, durable,' rep ..
non-absorbent, easily cleaned by the rain and pleasing l:,:iﬁl
pearance, and susceptible of artistic effects. Such a ;,m erial
isclay. We have long used brick and terra-cott.n; t ez
known to the ancients. Brick is too solid, that is, too eavy,
8nd becomes white with alkaline salts and absorbs d:;’t;
Terra-cotta is mostly hand-pressed, and is too costly: o
want a terra.cotta made rapidly by machin.ery at kl)]w gnb?]:ed
surface  dull-glazed, impervions to moisture, fal' ;,he o ;
uniform in quality and colour, using handwork lm‘ i
carved pieces, There is a great plant now nearly et
commence operations at the Stickney tract in t':he. 3& sive us
part of the city, out on the prairie, that promise
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just what we require for the cheaper portions. They already
have two kilns each, 672 feet long, of the tunmel pattern.
They are very ingenious. The material to be burned is piled
on steel cars, fireproofed.  The car enters the kiln tunnel on
a railroad track, and when it leaves the tunnel at the other
end the bricks or terra-cotta, are burned and cooled and are
ready for shipment.

With cheap steel of a very superior quslity, and a light
dull-glazed terra-cotta, and a strong light fireproofing, we are
ready to build as never before—light, strong and at a reason-
able price, within reach of everyone that can afford to build
at all ; and we enter upon a new age—an age of steel and
burnt clay.—Builders' Reporter and Engineering Times.

O —————

CENTRIFUGAL ACTION OF AIR.
BY GEO. M. HOPKINS.

That air has sufficient mass to enable it when set in motion
to do work is shown by every whirlwind, by the action of the
windmill, by the sailing of vessels, and in other ways. The
grandest example of the centrifugal action of air is furnished
by some of the movements of the entire atmospheric envelope
of the earth ; the upward currents at and in the vicinity of
the equator, the downward movement of the air at the poles,
and the winds blowing along the earth’s surface from the poles
toward the equator are due in part at least to centrifugal
force. Any body revolving in air furnishes a partial illustra-
tion of this prineciple, the defect in the illustration being the
absence of a force to hold the same body of air always in con-
tact with the revolving body.

Fi1G. 1,—THE ¢ SKELETON SPHERE.”

A very simple and effective piece of apparatus applied to the
whirling table for showing the effect of centrifugal force on air
was described some time since in a foreign scientific journal.
The writer has applied this apparatus to the scientific top
(already described in these columns), in the manner fully illas-
trated by Fig. 1. The construction of the attachment is shown
in Fig. 2, and Fig. 3 shows the direction of the air currents.

The apparatus consists of a metal tube loosely fitted to the
stem of the top and provided at its upper end with a tin disk
four inches in diameter, with four quadrants of the same ma-
terial attached to the disk and tube below the disk, and a
similar arrangement of quadrants above the disk, thus practi-

cally forming a skeleton sphere—if sach an expression may
be used—of two vertical circular disks intersecting each other
at the axis of rotation, these two disks being intersected at
the equator by another at right angles to the axis.

i

F1G6. 2.—AIR CURRENTS SHOWN BY FLAME AND SMOKE.

The top being in rapid motion, the apparatus is placed upon
the stem, and being revolved at the same rate as the top, it
throws out air at the equator which is continually replaced by
air drawn in at the poles. The direction of the air currents is
clearly shown by holding a lighted wax taper near the appar.
atus at the poles, and at the equator, as shown in Fig. 2, or
by creating a smoke in the vicinity of the top.

A paper ring, } inch or § inch wide, and } inch larger
in internal diameter than the sphere, is supported by the out-
rushing air, in a plane nearly coinciding with the equator.
If displaced and released, it immediately returns to its orig-
inal position.

Professor W. C. Peckham, of Brooklyn, who has been ex-
perimenting with a large sphere of this kind, thinks that the
trade winds could be fairly illustrated by the apparatus, pro-
vided it could be inclosed, 50 as to cause the same body of air
to circulate continually from pole to equator, and in the re-
verse direction.—Scientific American.




March, 1891.]

AND THE INDUSTRIAL ARTS. 86

BACILLUS OF TUBERCULOSIS.

It is well known that infectious diseases, such as consump-
tion and cholera, have a parasitic origin, and that each one of
them has its characteristic micry-organism. In 1878 Dr.
Koch published his Untersuchung ueber die Aetiologie der
Wundinfectionskrankheiten,” which embodied the results of

F16. 1.—SEcTION THROUGH TUBERCLES oF THE LUNGS,

SHOWING Two LARGE CELLs wiTh NUMEROUS
BaciLir

The specimen having been colored, the bacilli appear as dark dashes,
Magnified 900 times.

his investigations in this field of research and formed the basis
of future study, the result of which was the discovery of the
bacillus of tubercalosis, The course followed by Dr. Koch has
beeu so fully explained in former issues of the ScrENTIFIC
AMERICAN that it seems unnecessary to treat the subject again
in detail, but we publish to-day two excellent cuts, for which
We are indebted to the Illustrirte Zeitung, showing the bacilli
alone and ag they are found in the tubercles.

\/ / o WA /
RN,
/ \\("/l \ \/

FiG. 2. —TUBERCULAR BAcILLI MAGNIFIED 2,000 TIMESs.

At the left, bacilli free from spores. At the right, bacilli with colorless
places which are supposed to be spores.

Dr. Koch's methods, which have been so strikingly con-
firmed by his work, have opened new fields in the science of
bacteriology, and the results of his work have been felt in
every department of medicine.—Seientific American.

—_—

According to Herr Japin
over Niagara Falls is 100,0
000 horge power ;
the worlg would j
again,

R the hourly rate of water falling
00,000 tons, representing 16,100,-
and the total daily production of coal in
ust about suffice to pump the water back

GOOD DRAUGHTSMEN.

Draughtsmen worthy of the name seem to be a very w‘;“f
commodity in the engineering market just now, if the fre
quent applications of employers to this office be tak?n as an
index to the trouble they have in finding men 350 suit t.hem,
says the Engineering News. One bridge engineer said ;‘e-
cently that out of eighty-odd answers to an advertisement of
a bridge draughtsman, he did not find one that was worth t:lm
ploying. Even a satisfactory ‘tracer’ is not easy to b‘;
COVEr, a3 we know from our own experience. The. broun'e
seems to be that too many so-called draughtslfxen think thf;t
the art begins and ends in handling a drawing pen anlism
inking.in & pencil plan practically made by some one © 8o
They are exceedingly limited in their knowledge .of m‘?Ch“‘;"s'
and know little or nothing of structural details ; ““ ot! e‘r
Words, they are neither well trained nor thorough in their
work, and cannot be left to their own resources for a m.oment-

There was g time when imported German labor of this class
met all demands, and usually met it well ; but for some ’°"°:
that we cannot explain the supply has lately ftzllen off, an
the more valyable men already here are secure in pemf““e“t
employ. The German technical schools devoce. much. time t?
the thorough teaching of drawing as an essential adjunct or
wechanica) ang civil engineering, and, as a rule, devo‘te neare
twelve than four years to the careful training of pupils fitting
themselves for these professions. While we wm'lld not entllt?;ll‘lge
young men to adopt the drudgery of draughting for a life o;f
cupation, it i, nevertheless, one of the best schools for the
mechanical engineer that can be chosen, provided that he goe;
at this work well trained in the principles and fandamenta
1aws of echanics and always works with the eombined pur-
Pose of making a good machine as well as a gooadd:: v:ll:;s;.
The same remark applies to bridge dranghtsmen an |
engaged in the design of metallic structures of a.ll .km"s-. the

In the time now allotted to * scientific training = in tod
majority of our technical scheols, probably all the time de'ork
to draughting is such as can be safely spared f"‘"m other :::; t(;
But in teo many of our schools a little less time dev:e e
pure mathematics, depending practically upon ad r t:d to
memory for any future usefulness, and more time ;vod o
fundamental laws and to the training of the eye, the z‘nl than
the mind combined, would result in agmdufste more usefu .
is usually the case to himself and to hls. employers. s
young man leaving his school must necessarily lfe an &ssn Lox.
until he hag had time to gather that worldly wisdomn ; e
perience that will alone fit him to successfully enact t h the
of & creator or leader. But the better and more t'hm;:mgill he
Previous training of the graduate, the better assistan ; ays
make and the more rapid will be his advancel‘nent.. Ity :d
the student therefore, to devote more time to his tr?:;nS; :tra
Pays in a proportion that altogether exceeds that of the

€ars involved in this training. . i

y Notwithstanding certain prejudices against fhls occul;::t;:n;
a really good dranghtsman in the office of a bndg‘;l 'wo;usinen
machine shop, one who thoroughly understands his than the
in all its details, commands a much better salary t?on ally
average engineer on a railroad. And if.he isan exco;;lxde"l.
experienced and good man, with indivxflnal push ’wle P
oped, more doors are probably open to his substan.tm ; ok
than is the case with an equally good man on l“llrfoi.dlo mox;
In any event, at the present time there is an armykof $50 to
who call themselves draughtsmen, and.wxl! wor| ‘i):iona e
$75 per month, while the really well paid mghezr'rr;nm.
begging for the lack of some one to fill them.—~ '
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CRYSTALLINE GLASS.

Few trade secrets have been keptso well from the know-
ledge of the general public as the process of producing the
above mentioned species of decorative glass. It is said to be
the invention of a French engineer, who called it * vierre
gievre,” or frozen glass. In the United States, where its
manufacture has been brought to a much greater state of per-
fection than in any other country, it is known under the
more common names of chipped or chrystalline glass, and the
operation of manufacture ‘‘glass chipping.” It has a remark-
able appearance, being covered with fern-like figures, no two
of which exactly resemble each other, differing in both shape
and form. To those unacquainted with the method of pro-
ducing this glass—and there are very few that have any con-
ception of how it is made—the process of manufacturing is
very puzzling.

This method of ornamenting glass is so simple that most
people, when they have it first explained to them, wiil bardly
believe that such simple means can produce such marvelous
results. It is done by covering glass with glue, which ad-
heres tv the glass, and when the glue dries it shrinks and
draws with it pieces of the glass or chips of glass.

The first necessity in carrying out this process is to have
the glass which is to be ornamented ground either by means
of the sand blast or by the more troublesome means of grind-
ing by hand.  This is done by rubbing a stone with a flat
side over the glass till it has lost its polish and become
translucent. A thin layer of emery kept wet with water will
facilitate the grinding, which should be as coarse as possible,
and for which reason grinding done by the sand blast is pre-
ferable. After the glass has been ground it should be kept
scrupulously clean.  Great care should be exercised that the
surface is not touched by the hands. Any trace of grease is
very apt to make the results uncertain. If the glass has,
however, become contaminated, it may be cleaned with very
strong ammonia,although glass which it has been necessary to
clean is apt to be rather unreliable.

When everything is ready the glass is placed in a room
where it is intended to carry on the process, accurately
leveled, and flewed with a solation made as follows:

Good glue is placed in sufficient water to cover it and
allowed to soak for twenty-four hours. If the water is ab-
sorbed during the soaking, more may be added. It is then
liquefied over a water bath and is then ready to use.

In practice it makes cousiderable difference which kind of
glue is used. By repeated experiments it has been found
that Irish glue is the best for the purpose.

A wide brush is dipped in the glue and applied to the
glass. The coating should be a thick one, otherwise it will
not be strong enough to do the work required. ~When the
plates are coated they may be placed in racks, and the tem-
perature of the room raised to 95 or 100 degrees F, They are
permitted to remain at this temperature till they are perfectly
dry, which will be in from ten to twenty hours.

It is at this stage that the uncertain character of glue shows
itself.  Under certain circumstances the glue will begin to
crack and rise of itself without any more manipulations, but
most generally it will require to have a stream of cold air
suddenly strike it. If the plate is perfectly dry at this
period, and of sufficient thickness, the top surface of the glass
will be torn off with a noise resembling the crack of a toy
pistol. Sometimes the pieces of glue will leap two or three
inches into the air, and may even fiy into the eyes and injure
them. To guard against this it is customary for the work-

men to wear a pair of spectacles fitted with plain glass. The
glue will come off sometimes at the least expected times,
notably if the plate with dried glue is being carried from one
room to another. Plates which have shown a decided dis-
inclination to chip have manifested a remarkable and unex-
pected activity and have jumped into the face of the person
carrying them in such a manner as to cause him to drop
them.

The strength of the glue is somethiug very extraordinary.
If the glass has been coated on the hollow or belly side of
the glass, the slight leverage thus obtained is almost sure to
break it, especially if the glass be single strength. Even
plate glass is not unfrequently broken. It might be a rather
interesting mathematical calculation to find out the force
necessary to separate the surface of glass in this manner on a
piece say 48 by 48 inches.

The resnlt of the operation described may be various. It
may be either a design resembling ferns of various shapes and
sizes, or it may be a circular design, exhibiting narrow,
feathery appearances ; or, if unsuitable glue has been used, it
may be of a nondescript appearance.

If, after the glue has been applied, Lut before it has be-
come any more than set, a piece of stout paper, is pressed
over it and it is allowed to dry in this way, the glass will
have less the appearance of feathers, but will be much coarser
and larger pieces will be removed.

The circular design mentioned occurs under the same cir-
cumstances as the other, with the exception that it generally
is made during cold weather.  Sometimes several weeks may
run along and nothing but this formation be made.

Some very elegant designs may be produced by submitting
the glass once more to the same operation, covering it as be-
fore and allowing the glue to chip. This is known by the
name of double chip. If the glass was covered with the small
circles in the first place, the second time it will have an ap-
pearance very much resembling shells, and for this reason
this has been called shell chip.

If, instead of using ordinary glass, colored glass is em-
ployed, pretty and original effects may be obtained. The
glass may be either colored clear through or it miy have
only a tiin coating on oue side.  In the latter ca e in some
places the en‘ire layer of colored glass will be removd, and
in other places only a very littl:, and will therefor: give all
the gradations between those two exiremes.

Glass which has been treated in this way may be silvered and
gilded and thereby be made still more remarkable in appear-
ance.

Extremely elegant effects may be obtained by what is
known as “ chipping to a line.” The design is ground in the
glass by the ordinary sand blast process.  After the glass has
passed through the machine, the protective coating (wax is
generally used) is not removed, but is left on to keep the
glue off: those parts which are not intended to chip. The
glue is then applied in a thick layer to the ground portion
and the process is carried on as usua,.—NicHAULUs T.
NELSSON in the Scientific American.

— emo

HOW TO DO PLUMBING ECONOMICALLY.

As the facilities for plumbing are now so convenient and
complete, any skilful mechanic who can measure correctly
and saw off & board to a true pencil mark, can do the pluwb-
iog of a dwelling house in a8 most satisfactory manner. I
never learned the trade of a plumber, yet I can do the plumb.
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ing of any dwelling as neat]
than such a job is done by
ago I erected a country re

Y a8 any boss plumber, and better
the average plumber., A few years
sidence, some 20 miles from New

York city. 1 procared an illustrated catalogue from a dealer
in plumbing supplies, in which every appliance was neatly
illustrated.

1 then dressed out g pole 16 feet long and about
1 inch square, for my measaring rule. Then I measured the
distances accurately with another small pole, where the
water pipe was to be placed. As soon as I had learned by
the measure how long the first piece of water pipe should be, a
mark was made on the measuring rule. In this way I proceed-
ed from the basement to the attic, ascertaining what lengths
of pipe would be required, by first getting the exact length
with small poles. Every length was indicated dis
tinetly on' the measuring rule. When more than one
Piece was desired of a given length, the number—2, 3 or 4—
showed how many pieces must be cut of that length. Then I
noted how many elbows, tees, couplings, unions, bibs or
faucets, stop-cocks and drip-faucets would he required in the
kitchen, bath-room and other stories of the house. All the
holes and recesses were made to receive the wooden poles,
about the size of a half-inch iron pipe. Care was exercised,
when there was a tarn in the direction, to make the holes
and gains so that the pipe could be screwed together exactly
at a right angle, or at an angle of 46°,  After I had noted
how many pieces of pipe were required, I went to New York
city and bargained for my invoice of pipe and fixtures at a
store where they cut and fitted pipe by steam-power. The
proprietor asked me sixty cents per hour for a man and ma-
chine to cut the pipe of the proper lengths and run a thread
on each end. Having my long “* rule pole,” and assisted by
the machinist by way of getting every piece exactly the right
length, with my assistance, it took the pipe-cutter about one
hour and a half to cat ard fit the pipe for my house. It cost
me one dollar to have all the pieces cat and fitted neatly, so
that I had nothing to do (after the pipe was taken to my
house) but to smear every joint with white lead and oil, ap-
plied as thick as stiff mud, and screw the pieces together.
Every joint fitted perfectly water-tight. Two plumbers work-
ing by hand, would not have cut and fitted the same pieces
of pipe in two days. More than this, when pipe is cut and
fitted by machinery, the work is doue, ordinarily, with more
Precision than it can be done by hand. -

I purchased half-inch water pipe, which is sufficiently
large for ordinary use in any house. The waste pipe should
Dot be less than two inches in the bore. I found it necessary
to purchase a pipe tongs of sufficient capacity to fit any size,
from half an inch to two inches in diameter. 1 purchased
the ‘““rustless” plain pipe in preference to the galvanized
pipe, as the price of the latter is nsually about double the
price of the rustless. Most of the iron pipe comes in lengths
of about sixteen lineal feet, having a thread on each end and
& coupling on one end. It may be of interest to some readers
tolearn that water pipe cut and fitted in any machine shop
in the United States, will it the couplings, elbows, tees, and
other fixtures of any other machine shop where pipe is fitted.

. ————

DETECTION OF FLAWS IN METAL.

An instrument for detecting flaws in metal castings and
forgings, which is called the schiseophone, has been invented
by Captain De Piace, of Paris. The apparatus, says the

ndon Times, consists of a small pneumatic tapper worked
b the hand, and with which the piece of steel or iron to be
tested is tapped all over. Connected with the tapper is &

telephone, with a microphone interposed in the circuit. Two
operators are required—one to apply the tapper, and the oth;r
to listen through the telephone to the sounds produ‘ce .
These operators are in separate apartments, so that the dl}'ect
sounds of the taps may not disturb the listener, whose.provmce
is to detect flaws. The two, however, are in electrical com-
munication ; so that the instant the listener hears a false
sound, he can signal to his colleague to mark the rfxetal.at t:e
point of the last tap, In practice, the listener sits with the
telephone to his ear; and so long as the taps are norn.ml. e
does nothing. Directly a false sound—which is very distinct
from the normal sound—is heard, he at once signals for the
8pot to be marked. By this means he is able xfot only to
detect a flaw, but to localize it. Under the auspices of t:e
Southeastern Railway Company, a demonstration of the
schiseophone was given recently by Captain De Place at.t ;
Charing Cross Hotel, in the presence of several membet:s lo
the Ordnance Committee and other gover?ment o.ﬂicxls:s(i
Some samples of steel, wrought iron, and cast iron, whxchd a;n
been specially prepared and privately marked, were test‘f ,the
many cases the flaws therein were correctly localized by

instrument. On the other hand, some bars were broken a;
points where a flaw was indicated, but wher? the .metal prov'e 1
perfectly sound. Consequently, however mgem?ns the in
vention may be, it can hardly yet be called a practical success.

—————————

THEORY AND PRACTICE. .

No expression is more common among fnechanics tha;n,
*‘ The thing is all right in theory, but when it comes to ;pp y
it to practice it won't work.” The fact is, that if the t §°§'Y
of a thing is all right, and that theory is cox.-rectl)t applie :kn,
practice, it will surely work, and when a thing fails to wo
either the theory or the practice, or both, are wrong. . N

When the theory of a thing has been developed as a.'\;'e a: .
seems possible to develop it, and it seems to. stand the tes o
mathematics and of all the other sciences wh'xch can be broug
to bear npon it, including that which has its t'inal expresslsosn
upon the drawing board, and still the maoh.lne,.or proce: ‘;
when actually tried, fails to work, the_tem?mnon is ?trtatx;i,o
we well know, to declare that the thing 1.s perfe:t in " 3
but that practically it will not work. It is tlfe relqs:ex:v zich
such expressions, no doubt, more than anythxxfg e ,c hich
has created the very general feeling among practu:?l' ruellmﬁml
of distrust, if not contempt, for what they call tfhe imp rotical
theorizers,” and the belief that mere theory is of no a ot
whatever; whereas, as a matter of fact, correc‘t tlmor{,e :
been in the past, is uow, and probably will continue l:o‘;e ;,::1
the greatest importance in the development of the scien

racti hanics.
P Itt;:etzfl;:e:onsidered that practice is by no means perf;c;::
and the “practical man” needs to remember this when i
posed to blame theory for the failures otherwise unaccou d
for. No one has ever yet seen a perfect shaﬂf, or g.«;ar:t "
screw, and it is not probable that any one ever w1}l, while 1u0h
probable that many theories reg:lrdmg m:chamca are m
nearer perfection than practice will ever get. .

Whegecorrect practice is based upon cot:rect theory 111 ‘t:;
building ot any machine, that machine v;nll .be correc ,to d
will work correctly, and when the practice is known.t 2
correct, and the machine will not work com.otly, then i s
not be correct in theory. Neither a maclun‘e nor;ny g
else can be correct in theory and wrong in practice.—. merican
Machinist.
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A NOVEL FORM OF FLEXIBLE TUBING.
BY T. K. ALMOND, NEW YORK CITY.

[Read before the American Society of Mechanical Engineers.)

It seemed to me at first rather a wild kind of an idea to
make a metallic tube which would be quite flexible, and which
could be used for conveying illuminating gas. I have, how.
ever, after many experiments, succeeded not only in makinga
flexible tube for such purposes, but also one which will convey
gases, steam, or liquids under considerable pressure. Thic
tube has sufficient flexibility for all practical purposes, with
the additional advantages of great strength and durability.

Fi16. 1.—TUBE BEFORE THE MANDREL IS WITHDRAWN.

When a tube is formed by coiling & wire around a mandrel,
the convolutions may be made to press upon each other with
con siderable force, and the joint formed at the point of contact
of the individual convolutions will be tight in proportion to
the amount of pressure exerted. Ifsuch a tube be bent, the
joints will be broken all around the coils except at one point,
and therefore, when bent, it is useless for conveying liquids or
gases.

FiG. 2

Wishing to utilize the peculiar flexibility of spiral spring
tubing for the conveyance of gases in cases where a flexible
tube is required, I conceived the idea of interposing a trian-
gular-shaped wire between the coils of a round wire, as shown
by Fig. 1. When a tube so constructed is bent, the convol-
utions of the triangular coil adjust themselves to the spaces be-
tween the round coils, as shown in Fig. 2. The triangular wire
is pressed between the coils of the round wire, during the pro-
cess of constructing the tube, with sufficient force to spread them
apart, so that the contact surfaces are at all times under press-
ure. The triangular wire serves two purposes—one is to spread
the coils apart, so that the pressure will be exerted on the con-
tact surfaces ; the other, to fill the irregularly-shaped spaces

S\
Fic. 3.

between the coils of round wire, adjusting itself to the chang-
ing form of the spaces due to any given flexion. This press-
ure brings into play the element of friction to such an extent
as partly to destroy the flexibility of the tube, which, when
bent, will retain the form given to it. This was an unlooked
for and unexpected quality. Asthe primary object was to ob-

tain a flexible tube, trials were made with wire having a more
obtuse angle. Such is shown by Fig. 3. This gave better
results, as a more perfect joint was produced with less tension
of the inner coil, and the friction became correspondingly less,
the result being a tight tube with sufficient flexibility. Fig. 4
shows the shape of the seats into which the ronnd wires are forced

Fic. 4.

by their tension. Reference to Fig. 1 will show that the seat
for the inner wire is much more obtuse, and on this account
the inner wire will not, under a given tension, be forced into
such a seat so tightly as in the sharper V in Fig. 4. It will be
seen that the degree of flexibility depends upon the amount of
tension put upon the inner coil, or the extent to which the con-
volutions are forced apart. I have produced a perfectly tight

Fic. s.

tube with two coils of rannd wire, in which the outer coil is
wound sufficiently tight between the convolutions of the inner
cnil to spread them apart for the purpose of getting pressure
on the joints, substantially the same as with the triangular
wire. This makes a very strong tube, but is too bulky for
many purposes. Two half-round wires, or even less than half-
round, may be nsed ; or the inner wire may be round, and the

Fic. 6.

outer half-round, or much less than half-round. The tube
will then be less bulky ; and, supposing the outer wire to be
considerably less than half-round, the convexity of its surface
may be such as to give results similar to the obtuse triangu-
lar wire shown in Fig. 4. I have made several tubes in which
the contact surfaces of the coils are made to coincide with a cir-
cle whose center is the axis of the tube. 'Che joints so formed
are practically a series of ball-and-socket joints. Such a tube
has smoother outer unl inner surfaces than those previously
described. A serious objection Lo such a tube is that the wire
changes its shape during the process of coiling, so that the
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.x::;:e;l:l;tﬁce: will not. make sufficiently complete contact,
conStl‘l{ctioZ Or“:ls of wire previously mentioned are of simple
ing the proe:e a1 fth? ?l‘ght_("hange of form which occurs dur-
The extents: ° 00}1‘“8 ?Vlll not affect the result.

age is consid ob‘:hwh u.“s tubing may be bent without leak-
shown iy Fiuerra he > & prece '?f one quarter-inch bore, tied as
pounds Witll:);x:i > as been subjected to & steam pressure of 75
tion corres xondl ;a‘kage: The smallest curves of the bent por-
I have no;' t ed in this case to a circle 2 inches in diameter.
bore, but t}fe kntade any tube larger than five-sixteenths inch
bore’ - Ink 1t possible to make them as large as one inch
I\res‘,;m-e F:st;rong enough to stand any ordinary steam
tube ma.v b or purposes where pressure is not required., the
which m}a ° ma?de of sheet metal, shaped as shown in Fig. 6,

y possibly be made as large as 2 inches in diameter.

——— e

AN ANCIENT WATER ELEVATOR.

tol:: Egypt and other countries where irrigation is practiced
cen g]reater extent t‘han elsewhere, the inventive.mind.has
for la er.t for centuries, contriving devices of various kinds

elevating water. Some of these are so simple that they

PENDULUM WATER ELEVATOR.

must have been obvious, while others show an amount of in-
ventive genius worthy of our own century ; in fact, as is well
known, the fundamental principles of hydraulics were dis-
covered ages since, and some of the early machines have never
been materially changed or improved upon.

The Egyptian shadoof is a form of water elevator that has
been in use from time immemorial, not only in Egypt, but
almost all over the world. A device fully as simple as this,
but not so old, is a gutter, which was made both single and
double. It consisted of a trough pivoted at one end above the
lovel of the water, the free end being alternately dipped in the
water and raised, so as to cause it to discharge intoa sluice
leading away from the machine.

The pendulum water elevator shown in the engraving i8 &
curious modification of the swinging gutter. A namber of
gutters arranged in two series are secured to opposite sides of
a swinging frame, each series of gutters being arranged on 8
zigzag line, and the two series of gutters are oppositely ar-
ranged with respect to each other, so that while one end of the
lower gutter dips in the water, the lower gatter of the other
series discharges into the next gutter above, and a flap valve
retains the water while the device is swung in the opposite
direction. In this manner the water is advanced step by step
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at each oscillation, until it is finally discharged into the sluice,
which carries it away for use. Each of the gutters, except the
first of each series, is provided with a valve, which retains the
water as it moves forward and upward.

—— e

SOME RECENT IMPROVEMENTS IN THE CIR-
CULATION OF WATER IN STEAM BOILERS.*

The question of the best means of producing higher results
from the coal consumed in steam boilers is one that at the
present time has a special interest for engineers.  There is,
perhaps, no matter more vitally affecting the advance of
scientific improvement, whether it be in the economics of in-
dustrialism or the necessities of warfare.  From the one to
the other, from the humble agricultural engine to the massive
machinery of a modern warship, an improvement in this
direction means a distinct advance. No question has re-
ceived greater attention and none more deservedly so. It
will be the author’s endeavor, while recognizing the efforts
and partial success of the past, to point out the direction in
which some greater results have been obtained, and will be
attained in future.

The controversy that has raged round the merits of forced
draught seems to be gradually drawing attemtion in an in.
direct manner to the matter which is the subject of this
paper. The limits of transmission of heat to the water would
eem to have been indicated in the arrangement of modern
tubular boilers, and it is now a pretty clearly established fact
that the burning out of tube plates and dangerous leakage of
tubes in marine boilers is due to the enormous access of heat
at one particular point generating steam so unduly as to de-
prive the metal of the protection afforded by the impinging
water. The author is careful to say the limits of transmission
by present arrangements, as part of the results to which at-
tention will be drawn are that of the abstraction of a much
greater portion of the heat by the water in boilers fitted with
the simple device to be described.
has brought out a tube which attempts, and very meritoriously,
to deal with the problem on amother basis, which is the ex-
tention of the metallic heating surface by a ribbed tube, which
has shown, under induced draughts, some interesting results.
Under forced draught, nevertheless, it is to be feared that it
would not offer a serious advance on the result attained with
plain tubes.

Under plain or ribbed tubes, under ordinary, induced, or
forced draught, however, we are bound to consider the ques-
tion whether the heat is taken up hy the water in a proper
degiee. There can be but one reply, and that is negative.
Of the potential value of coal under combustion in most cases
one-half alone is represented in the heat of the water, and
making all allowauce for heat radiated, there is still a large
percentage that is passed over the heating surface, aud from
which the water derives no benelfit.

In a very careful trial of a water tube boiler by Mr. M.
Longridge, that gentleman ascertained that from 50 to 513
per cent. was all the heat that was transferred to the water,
while from 13 to 22} per cent. is lost in products of com-
bustion, etc.; ashes, clinker, and radiation accounting for the
remainder.

Bat on the same boiler, fitted with arrangements which
effected a more direct internal circulation, the percentage of
transferred heat rose to 68 to 78 per cent.; a more significant
change.

*Paper read before the Civil and Meochanical Engineers’ Society.

Quite recently M. Serve.

Enough has been said to indicate the importance of the
subject, and to lead to the immediate consideration of the in-
vention of Mr. Ruffles. '

This gentleman, whose experiments the author has had the
benefit of closely following, originally conceived the idea of
improving the circulation of wet bottom boilers, and more
especially those of the Lancashire and Cornish type, and this
led the author to a close study of the action of water on metal
surfaces exposed to flame, and finally to the conclusion that a
steam-bubble in the course of generating does not readily
part from the surface from which it takes its birth.

Nature repeats herself in the steam boiler as in the open
air, and the law of capillary attraction holds good with a
steam-bubble as well as a raindrop. But added to this at-
traction in the case of the steam-bubble is the resistance of
gravity and thus it comes about that each steam-bubble, etc.,
clings to the metal surface ; alternately expanding and con-
tracting uutil its expansion brings it so much in excess of
the retarding forces that it is forced reluctantly to relinquish
its hold and rise to the surface of the water.

In just such a manner, since the world began, have the gas-
bubbles at the bottom of a pond, slowly warmed into ex-
pansion by the sun’s transmitted heat, reluctantly quitted
the slimy bed of decay from which they gencrated. The
s‘eam-bubble is small in itself, but it covers, nevertheless, an
appreciable surface of metal. Let us assume it to be a bubble
of a foot square area, and the point the author makes becomes
apparent. So long as that bubble, once formed into steam,
clings to the metal surface, so long will the transmitted heat
be acting on steam and not on water. Now, assuming the
large bubble to be maintained in that position for a given
length of time, it follows that the action upon it of the trans-
mitted heat will be analogous to that of superheating, aud as,
furthermore, in actual fact each bubble is enveloped in water,
we have this action of superhcating taking place under the
worst conditions of saturation.

If you will heat water in any receptacle to about a tem-
perature of 140° upwards, and cast a strong light upon any
steam bubble visible, you will see with the naked eye that it
is constantly expanding and contracting. By observing the
bubble under a magnifying glass this will be more apparent.

Here then, the author maintains, is where the lost heat
efflciency is used up and wasted. This is what is going on in
every steam bubble generated and not immediat:ly detached
from the generated surface.

The action and effects of superheating are still somewhat
obscure, but some light is thrown on this subject indirectly
by the result of these experiments.

The inventor coucluded that if these steam bubbles were
swept off sideways as promptly as they were formed, the re-
sult would be a practioal test of this theory that the clinging
of each bubble to the metal constitutes a disadvantageous
feature.  For such a purpose he has designed a very simple
means of natural operatien. It is only necessary to cover

- the heated surface, within a very short distance thereof, by a

sheet or plate inclined upwards in one direction, in order
to give the rising steam bubbles & similar direction, and their
action in thus rising in one direction is such as to draw afier
them a circulation of the water, which thus continuously
sweeps over the heating surfuce. The effects are remarkable,
and no matter how or at what angle the heated surfaces are
fixed, the same results follow the application of the principle.

In the case of a Galloway tube, it takes the form of an in-
ternal socket. On a Cornish flue, it is arranged as a sloping
shell or hood. On the locomotive firebox it becomes a series
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of louvres. On a tube internally fred, a sleeve formed of
another tube sawn partly through at intervals and stretched
out takes the proper form, and other arrangements are adapted
to special forms of heating surfaces. In all cases the result is
the same, and the circulation set up is natural, continuous,
remarkable and effective. The author maintains that it is
only due to natural laws that it should be so, and several
accidental circumstances in ordinary boiler practice point to
this conclusion.

The distinct effectiveness of the vertical plates of fireboxes
is due to the rapid release of the steam bubbles. In the ex-
periments of Mr. Ruffles this can be clearly seen, and the rush
o ~team from the vertical front tube plate of a loco firebox
is a prominent feature, and is donbtless the cause of many a
carelessly designed boiler’s priming.

The known, but yet partly unexplained efficiency of the
locomotive in evaporation is, the author considers, due very
greatly to the continmal shaking of the whole machines
whereby the steam particles are released more freely.

In a more moderate sense the marine boiler gains from a
similar cause. Mr. R. G. Ruffles is now conducting an experi-
ment to determine this point. The results of the application
have been stated to be remarkable and are as follows :—(1.)
There is an appreciable increase of heat in the total mass of
water in the boiler. (2.) There is a local direction of the
heated steam of the steam bubbles and water. (3.) A judicious
arrangement of the apparatus will give a great increase of
circulating power in any given direction without violent
ebullition on the water line.  (4.) Primiag may be cured
therehy.

Particular attention should be given to the adaptation to &
locomotive boiler.

This « very interesting arrangement, and can be shown to
be extremely effective. The effect of the imcreased circula-
tion being in the direction of the length of the tubes, the far
end of these is really surrounded by hotter water than is usu*
slly the case. It can be demonstrated that the effect is
beneficial not only upon the water, but on the flame in the
tube.

The inventor maintains that the heat being more evenly
abstracted from the entire length of the tube, the flame
is kept hot to the end of the tube, and is less broken
up.

A study of these and other results is extremely instructive
to the boiler enginser, and leads one to consider how hap-
hazard is the present method of boiler design, particularly in
regard to the internal arrangement of boilers. The author’s
feeling is that every boiler really requires designing with'n
distinctive view of its numerous conditions, of fuel, alr,
draught, method of steam delivery, etc.; and the whole engi-
neering profession would be benefited by a series of carefl.ll
circalating experiments under visible conditions. This
could be attained bes; in the loco-type boiler, and
should include also some experiment on the cause of
priming.

One ohjection may be raised to the application of the system
described, on the ground of there being a tendency to ﬂ.c‘le?
but this is met by the fact that the circulating current is t00
rapid to admit of scale depositing. The sleeve or socket,
louvre or sheet, may be trasted to look after itself as to scale
upon its surface. As has been shown in the Garret corrugated
firebox, the expansion and contraction upon a very moderate
inclined surface will prevent scale gettling. .

One very important detail in the application of the im-
Provement of loco boilers is the diverting of the upward stream

of steam from the vertical tube plate, whic}x, in Mr. Rufﬂes
arrangement, is made to do good work in general circu-
lation. B

The difference between the general and even ebullition from

" the surface of his boiler, and the local: and violent ebul-

lition from parts of the ordinary boiler, is very marked.

In demonstration of the fact of the propulsion of the wa.te-r
by this invention, Mr. Ruffles prepared & small loco boiler
with removable shields and sleeves. From the smokebox end
at the bottom he attached a tube leading to the bottom of the
firebox wrapper, and a part of which was made of 'glsss ttub;;
By administering a little bran the flow of water in the uh
could be marked. With the improved sleeves, etc., the
flow was extremely rapid ; without them it Wwas not per-
ceptible. o v

To deal with one final objection by anticipation, it may
8aid that the sleeves in the tubes obstruct the space bel.:wee‘x:.
which is valuable for cleaning purposes. T?le answer is, tl ;
less tubes and larger one: will be found to give bet};er l';asuere
than the present practice. In effect the accumulatx(.)n 0 m‘“
heating surface, and the cutting up of the‘ flame mfto sm !
streams, is only helpless recognition of the difficulty of remo
ing the heat to the water. .

is to results the author is diffident about putting forward
thoge attained, on mere experimental lPP“t&tllS,.howevvr carte:
fully construeted, as defining capabilities of the? 1mprovemenb;
but he hopes before long to arrange for pl:actfcal tests t? e
made under working conditions. As indication, howevu‘,all
may be mentioned that in an evaporative test of tw«:l xa;inred
experimental boilers of exactly similar proportions, mh o
by gas from a common reservoir, the improved boiler slo rod
& gain of over 12 per cent. In temperature tPe normal gh "
or advance of one over the other is .15 on the wi .
body of water.—By REGINALD BOLTON, in The Americw
Engineer.

———

HOW TO PRINT PHOTOGRAPHS IN INK.

At a receut meeting of the London and Px:ovmcml ;hot;:-
graphic Aassociation, a demonstration was given by ; hi;
Warnerke on ¢ Collograpby.” The lecturer express: e
opinion that a wide future is open for phot.:o-mecrnn oo
printing. There was a general belief that special :p‘[l). mkn.md
were necessary, and that generally all processes of this ind
were tronblesome to work. The dema.n'd for cheapnedsswork.
quickness of production had proved detnment'al to goo it
The process he intended to demonsmte‘wal simple, l'e‘tlo e
no special apparatus of any kind, enabling a..matenrsordi :ﬂy
duce quickly an unlimited namber of copies on o
paper, with printer's ink, from photographic neg:nvesl.“ i
the purposes of demonstration the le(-:turer !md roug iy
him several sheets of exposed films in various stages. N
P'Med to describe the process. A sheet of v.eg?tablwmi:c‘o;
ment, having a film of gelatine on its surface, is umnet a for
three minutes in a bath of bichromate of potash neutra zed
with ammonia. The sheet is then sqneegt_!ed tos glas; l:n‘c "
that has previously been cleaned and polished thl; T nok
chalk. The plate is now left to dry spontaneous! );;m e
drying should be completed in about .ten hours, w't'"n“.
film will peel off its support. The maximum of sensi ;t. ”
would be reacbed in from two to three days after (s:ins iz nft
The object of drying the sheets on glass is to p; :ce ‘u s
surface, thus giving perfectly even cont?cr. thh.t t:n ogf:“ ire.
The sensitized film is exposed in an ordxn‘ary prin : t: Lo
When suficiently exposed, the image will be qu .

i s e ———



92 CANADIAN MAGAZINE OF SCIENCE

[March, 1891

Au exposure of the back of the film for two or three minutes
to diffused light will cement it to the parchment sapport.
The exposed tissue is now placed in water and allowed to
remain about two hours until quite colorless ; it is then
drained and blotted, and the following solation poured
over it :

After soaking for an bour, the tissue is stretched upon a
frame over a black of wood, and rolled up with printer’s ink.
For this purpose, the lecturer recommended using first a stiff
ink,and afterwards a thinner kind., Authorities differed with
regard to the materials for thinning the ink. The lecturer
said he preferred lard for this purpose.  Sufficient rolling
having been given 1o the surface of swelled gelatine, a sheet
of paper is placed on it, and an impression can be taken in an
ordinary letter copying press. Mr. L. Warnerke, at the con-
clusion of the demonstration, pulled several proofs from a
sheet of prepared tissue, and passed them round. In answer
to several questions Mr. Warnerke said he was unable to
state the limit of the pumber of impressions that could be
taken from one sheet ; he had taken as many as 300 himself.
Any paper might be used. It was necessary in printing to
lay strips of paper round the inked image to protect the
sides of the sheet of pper receiving the impression.—
Scientific Awerican.

T e e

DETECTING OLIVE OIL, BUTTER AND OLEO-
MARGARINE,

The reagent employed is a solution of silver nitrate at 25
per 1,000 in ethylic alcohol at 95°.  About 12 c.c. of the oil
in question and 5 c.c. of the reagent are placed in a test-tube.
The tube is then set in a beaker of boiling water, and the
changes of color which take place in the liquids are watched
through the glass.  Unless the oils are perfectly limpid, they
must be previously filtered.  Olive oils sooner or later take a
fine green color, which is lighter in the superior qualities.
Pare cotton-seed oil is turned completely black. Oil of
earth nuts (A4rackis) takes first a red-brown color and finally
turns green, losing its transparency. Oil of sesame takes a
deep red color and remains reddish. Oil of colza takes yel-
lowish green colors and become turbid. N atural butter pre-
Serves its natural color.  Oleomargarine becomes a black red,
which color may be detected even in samples containing as
little as 5 per cent. of margarine.—Raoul Brulle.

PP

AN IMPROVED WATER PURIFIER.

We recently inspected an improved water purifier which
has been applied with success to the purification of polluted
waters produced in manufacturing operations in the Lanca-
shire and Yorkshire districts. The subject of water puri-
fication is becoming of increasing importance, as there is a
decided tendency on the part of the governing bodies of the
above-named counties, to compel manufacturers to clarify
their effluents before running them into the streams. The
condition.of the waters of the Medlock and Irk, for instance,
are familiar to anyone conversant with Manchester, and they
owe their foulness very largely to the amount of manufac-
turing refuse which is poured into them. It is important to
remember that, from a manufacturers’ point of view, cost is a

great consideration, and they are not likely to use any ap-
paratus which is very expensive. The purifier shown above is
made by Messrs. Slack and Brownlow, Canning Works, Man-
chester, and consists of a cylindrical drum or tank made of
wrought iron, inside which a series of plates spirally arranged
are fixed. The plates have a considerable inclination, and
are 80 disposed that the liquids entering at the bottom gradu-
ally travel to the top of the tank ina spiral direction. As
shown in the illustration, two tanks are fixed above the
purifier, into which the necessary chemicals used for floc-
culating the polluted water are placed, anl deliver their con-
tents into a funnel-shaped vessel, into which, at the same
time, the water to be purified is also delivered. Thus, in

passing down the vertical tube shown, the foul water is
thoroughly mixed with the necessary chemicals, and when it
enters tne bottom of the tank the solid matter is in a floc.
culent condition. The water gradually rises in the tank, and
the solid matter is precipitated on the various plates and falls
to the lowest part of the plates. As we have said, the liquid
flows in a spiral course, so that there is a large number of
points at which the deposit can accumulate. Opposite the
lowermost point of the plates and at each side of the tank
cocks are placed, by opening which at convenient intervals
the sludge is flushed out of the tank. It will be seen that
the apparatus has no moving parts and is easily put to work.
Samples of the waters from the Medlock and Irk after puri-
fication are very clear and have no smell, and, what is very
important, are rendered quite soft and suitable for boilers.
This is one of the applications of the purifier to which the
makers have given special attention, and as a water softener
the apparatus is largely used. It is not necessary to detail
the numerous advantages arising from this treatment of water,
as every manufacturer and steam user is fully conversant with
them. An apparatus of this character, 7ft. diameter, will
purify £4,000 gallons per day, and an inspection of & number
of samples shows that the purification is effectively done.—
Industries.
—_— e

A NEW IDEA IN FOUNDRY PRACTICE.

Some of the English iron founders have adopted a simple
practice in making stronger castings, says the Virginia
Manufacturer. The method is merely the introduction of
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thin sheets of wrought iron in the center of the meuld before
casting. The idea was first applied to the casting of thin
plates for the ovens of cooking stoves, and a sheest of thin
iron in the center of a quarter-inch oven plate reuders it prac-
tically unbreakable by fire. Recently the process has been
applied to the casting of large iron pipes, a core of sheet iron
imparting additional strength and lessening the liability to
fracture. As an evidence of additional strength that may be
imparted by this process, it is stated that a plate of iron one-
fourth of an inch thick, cast with a perforated sheet of twenty-
seven wire-gauge wrought-iron in the center, possessed six
times the strength of a similar cast plate with no core. The
quarter-inch plate thus made had the strength of a plate one
inch thick.

e —rao———
ENORMOUS HORSE POWER.

It is a very easy matter to talk about 18,000 or 20,000
horse power, but few persons realize what it means or the en-
ormous force that it exerts. The new White Star steamships,
for instance, or the Inman line’s City of New York develop
from 18,000 to 20,000 horse power. They have twelve
boilers and seventy-two furnaces, worked with forced draught.
Assuming that the engines will require eighteen pouunds of
steam per horse power, then 160 tons of feed water
must be pumped into the boilers every hour, and 160
tons of steam will thus pass through the engines in
the same time. In twenty-four hours the feed water
will amount to 3,840 tons, occupying 130,240 cubic
feet. This amount of water would fill a length of 493
feet of a canal 40 feet wide and 7 feet deep. Taking the con-
densing water at thirty times the feed water, it will amount
to 4,800 tons per hour, or 115,200 tons in twenty-four hours,
or for a six-day’s transatlantic run not less than 691,200 tons,
or-24,883,000 cubic feet. This amount of water would fill a
cubical tank 295 feet on the side—a tank into which the
Roman Catholic Cathedral, steeples and all, or the Times
building, could be put and completely covered up.  The coal
consumption is not less interesting. Four hundred tous a
day are burued on the 20,000 horse power pressure. This
would fill 400 wagons. It requires for its combustion 8,609
tons of air, occupying a space of 222,336,000 cubic feet. 1t
is impossible to put these figures in a shape such that may be
grasped by the average reader, but enough has been cited to
show, uevertheless, that the circulating pumps and fan
engine of such ships are a hard-working lot,—Iron Age.

oo

FLY-WHEEL FAILURES.

Some months ago, when we were visited with quite an epl-
demic of fly-wheel breakages, says the Mechanical World, we
referred at some length to the dangerously high speed at which
a large number of rope-driving fly-wheels are now being run.
A circumferential speed of 7000ft. per minute is not by any
means uncommon, and as this corresponds to a atress of about
1400 1b. per square inch in the rim, it will be seen 'th“.tr
having regard to the various initial stresses which obtain in
these structures, such a velocity cannot but be regaldefi ﬂs
being dangerously high. Nor is there anything to be gaine
Ly adoptinglsuch an excessive speed, for so far as the tml'l:-
Wission of power is concerned, there is no doubt that a..velt.)cl' t)’
of about 4500ft. per minute represents the economic lllf":"
On the other hand, the adoption of sach high speeds is little

short of courting disaster, for it will be readily perceived that
in the event of failure of the govermor to cont'rol the
engine speed, fracture of the fly-wheel is exceedi.ngly likely to
follow, Safety appliances are fitted in many .ms.tances, bl{t
unless these are kept in order and tested periodically, th'elr
Provision is calculated to engender a feeling of false security
in the minds of the attendants, cansing them, perhaps, to be
less vigilant than they would otherwise be. The most recent
example of failures of the kind referred to, occurred at the
Oldham and Lees Spinning Company’s mill, L.ees, Oldham,
on Janunary 30, when a fly- wheel about 25ft. in diameter burst
owing to excessive speed, which was brought about by the
derangement of the safety appliance with which the governor
was fitted. The engine has cylinders 32}in. and 50in. dlamgter,
with a stroke of 5ft., the normal speed being 61} rev?lutlons
Per minute. The power is transmitted by a c(?mposlte rope
and belt driving wheel, 25(t. in diameter, 6ft. 6in. broad, one
half of which received a belt 3ft. broad, and the other half
15 1%in. ropes. ‘The wheel was made up of one central b'ou,
12 cylindrical arms, and 12 rim segments, the total.welgh.t
being 43 tons 17 cwt. On the morning of the accxdent' it
appears that owing to the illness of the engineer,'the starting
of the engine was entrusted to the engineer’s assistant and a
fireman. The assistant, it should be noted, had never started
the engine previously, although he had worked there nearly
four years, Upon opening the valve admitting steam to the
high-pressme cylinder, the high-pressure crank did not pass
‘he centre, and another man then opened the bl.ow. through
valve, admitting steam to the low-pressure cyl‘mder. "ljhe
8peed then rapidly increased, and the safety appliance fallul:g
to act, the wheel burst, completely shattering .the wall of the
wheel race, demolishing the roof, and wrecking part of the
engine. The stop-motion was intended to be actuated b¥ l:lllli
abnormal rise of the governor balls, the tota! range of ¢ °
latter being 6§in.; the first 4 or 5in. controlh.ng the e.ngmf
under ordinary conditions. During the remaining lgmb. on
the rise of the governor, the safety apparatus snould' havef ;?rt
brought into action, but owing to the accumulation o dire
and spent oil upon the unused part of the. spindle, tlllle c: *
weight became jammed when about 1gin. from t! eh;;pzt
limit of its traverse. At the inquest it was shown t; :
required over 7cwt. to move the weight in., sud over ‘::a;
to bring it back again. There is little dotfb'. therefore, -
the failure was due to the injudicious handling of the:tal;w g
valve, but principally to the failure of l.he .uutom:hlecnew[:.
motion, due to its neglect. This accident indicates oo
sity for some periodical inspection of these safety app e
by some independent person, such as a factory 1nsp roper
Evidently they are worse than useless unless kept In t}; o
order, for however careful attendants may bo‘, the mm.o.ti :n )
sibility of these attachments being brought into requist

apt to lead to their being neglected.

S

When Thomas A. Edison was a young telegrapher ,13“2::1_
cinnati he became known to fame as a cockroach ann}ufested
in this wise. The building in which he worked was i hore
with 'em. There was a couple of sinks in the bmllt‘ilnsgi“k‘ o
they had high festival. Edison ran a wiré abot:t t :it g
such a manner that every cockroach must craw ;lwz oot Dot
way to the folk-mote and turned on an ele(:t.rtlt‘:het:3 ockro;ches
very strong, about cockroach power, 10 factl. 4 up by thousa ds
tumbled to it, literally. They were shovelled up by

i . —Ez.
for a few nights, and after that peace reigned
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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., Fe ind Lectu

of Trinity College, Cambridge. Withplllustmtions. Second Edition, reprinted without alteration from the First Edition.
In 2 vols., 8vo.” Vol. 1., $£.50 ; Vol. II., $5.25.

f Structures
COTTERILL. Applied Mechanics: An Elementary General Introduction to the Theory o «
and Machines. g; James H. Cotterill, F.R.S., Associate Member of the Council of the Institution of Naval Architects,

Associate Member of the Institution of Civil Engineers, Professor of Applied Mechanics in the Royal Naval College,
Greenwich. Medium 8vo. $5.00.

DANIELL. A Text-Book of the Prlnclﬁlos of Physiecs.
late Lecturer on Physics in the School of
enlarged. Medium 8vo. $3.50.

i i i in the English
** Prof. Daniell’s book is unquestionably the best elementary text-book for advanced students that has as yet peared in t!
lai gnur:, an; !vxvll:ilo written unqecia.lly with the view of adoption in medical colleges, is a valuable book to any school aiming to present the
subject in a scientific and philosophical manner.”—The Chicago Tribune.

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

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

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

GEGENBAUR. Elements of Comparative Anatomy, By Professor Carl Gegenbaur. A Translation by F.

Jefirey Bell, B.A. Revised, with Preface by Professor E. Ray Lancaster, F.R.S. With numerous Illustrations. 8vo.
$5.50.

By Alfred Daniell, M.A., LL.B., D.Sec, F:.R.S.E.,
edicine, Edinburgh, Vgith Illnstmtion;. Second Edition, rev1‘sed and

CGEIKIE. Class-Book of Ceology. By Archibald Geikie, LL.D, F.RS. Profusely illustrated with woodcuts.
12mo. $2.60. .

e . s . . it espeocially fitted for

** We have no hesitation in declaring the book an excellent one, gontaining exactly such material as renders i N 80
instruction. More than that, to the pergon with no geological turn_of mind, the whole matter is go well combined, mdwti,llle :‘x'l;l;:n o e
simple, that by reading the volume, nature’s sotion in the past, as in the present, can be better understood ; . :

etter tood 5+ in hand in the
part of thé student curiosity and interest, for at once it can be seen how observation, generalization, and induction go hand in ha
progress of scientific research.”—New York Times.

QEIKIE. Text-Book of Ceology. With Illustrations. Second Edition, revised and enlarged. 8vo. $7.50.
** A noble and mast k"'~ Chriati . fence i i t
‘ fn all -° s:x Ea:""l’.-w? 'vw? 2;:1. 2:§t‘:gtﬁ?::xt-boohof geology ; discusses every phase of the science in the light of the lates
researches and opinions, and is at once acceptable to the student and genoral reader.”’—Philadelphia Times. d Premlector
MUIR. The Elements of Thermal Chemistry. By M. M. Pattison Muir, M.A,, F.R.8.E, Fellow and Pre
of Chemistry in Gonville and Caius College, Cambridge ; assisted by David Muir Wilson. 8vo. $3.25.

.. : !’ Ww.
MULLER. The Fertilization of Flowers. By Professor Hermann Miiller. Travslated and Edited by D ith

Thoinpson, B.A., Professor of Biology in Uuniversity College, Duudee. With a Preface by Charles Darwin, F.R.8.
numerous Illustrations. Medium 8vo. $5.00.

illi ¥.C.S., M. Inst. C.E,,
PHILLIPS. A Treatise on Ore Deposits. By J. Arthur Phillips, F.R.S., V.P.G.S., , net. O-E.
Ancien Eléve de I'Ecole des Mines, Paris, :uth or of ‘A Manual of Metallurg’y,n «The Mining snd Metallurgy of Gold =
Silver,” etc. With numerous Illustrations. 8vo. $7.50.
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