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THE NEW GERMAN DISPATCH BOAT METEOR.

In time of war the dispatch boats are the eyes of the fleet.  It is their duty to reconnoiter 
and ascertain the strength of the enemy and to carry the orders of the commander.  For 
this service great speed is of the utmost importance.  As all nations have increased the 
speed of their war ships during the last few years, it has become necessary to build 
faster dispatch boats.  Although our new vessels of this class, Blitz, Pfeil, Greif, Jagd, 
and Wacht, fulfill the requirements, still greater speed was deemed requisite, and steps 
were taken for the construction of the Meteor, which was launched at Kiel in 1890.  This 
vessel is 262 ft. long, 31 ft. wide, and has a draught of 13 ft., and a displacement of 950 
tons.  There are two independent engines, each of which develops 2,500 h.p., making a
total of 5,000 h.p.; and each engine drives a screw.  When both engines are running 
with their full power, the Meteor has a speed of 24 knots (over 271/2 miles) an hour, 
which is equal to the speed of a freight train.[1] As the resistance of the water increases 
greatly with an increase in the speed of the vessel, the engines of the Meteor are very 
large in comparison with the size of the vessel.  The largest armored vessel in the navy, 
the Konig Wilhelm, for example, has a displacement of 9,557 tons, and its engines 
develop 8,000 h.p., driving the vessel at a rate of 14 knots an hour; that is, 0.84 h.p. to 
each ton of displacement, while in the Meteor there is 5.26 h.p. to each ton of 
displacement.  The Meteor has a crew of 90 men, and an armament of eight light guns, 
and has no rigging; only one mast for signaling.  Steam power is used for raising the 
anchor, removing the ashes from the engine room, and for distilling water.  The vessel is
lighted with electricity, and is also provided with electrical apparatus for search lights.—-
Illustrirte Zeitung.

[Footnote 1:  This, we believe, is the fastest vessel of the kind afloat.—Ed. S.A.]

[Illustration:  The new German dispatch Boat Meteor.]

* * * * *

THE RAISING OF THE ULUNDA.

Shortly after the recovery of the Ulunda, below described, the North American and West
Indian squadron of the Royal Navy visited Halifax, Nova Scotia.  The simple and novel 
means adopted for raising the ship attracted considerable attention among the officers 
of the fleet, and by way of stimulating the studies of the junior officers in this branch of 
their duties, a prize was offered for the best essay on the subject, to be competed for by
the midshipmen of the various ships.  The essays were adjudicated upon by Captain 
W.G.  Stopford, of the flag ship—H.M.S.  Bellerophon—and the first prize was awarded 
to the following paper, written by Mr. A. Gordon Smith, of H.M.S.  Canada.  The article 
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needs no apology, but it is only just, says the Engineer, to mention the fact that the 
writer is not yet eighteen years of age.
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The steamship Ulunda, on the remarkable raising and recovery of which this paper is 
written, is an iron screw ship of 1,161 tons, until lately belonging to the Furness line.  It 
is a sister ship to the Damara, of the same company, and was built and engined by 
Alex.  Stephens, shipbuilder and engineer, at Glasgow, being fitted with compound 
vertical engines, of 200 nominal horse power, having two cylinders of 33 inches and 66 
inches diameter respectively, which are capable of sixty-five revolutions per minute, and
give a speed of twelve knots an hour.

For supplying steam to the engines there are two return-tube boilers, each having three 
furnaces, and there is also a donkey boiler, which is used in harbor for working the four 
steam winches on deck.

She is divided into seven watertight compartments by athwartship bulkheads.  The 
foremost one is the usual collision bulkhead.  Between this and the foremost engine 
room bulkhead are Nos. 1 and 2 holds, separated by a watertight bulkhead.  Abaft the 
after engine room are two more holds, divided in the same manner as the forward ones,
and astern is another compartment, in which all stores are kept.  Coal bunkers form a 
protection for the engines and boilers.  Fore and aft the ship, as low down as possible, 
are a number of ballast tanks, which can be filled with or emptied of water as occasion 
requires to alter the trim of the ship.  Extending over all holds there is a strong iron lower
deck, about 8 feet below the upper deck, which is pierced with a hatch over each hold 
immediately under a corresponding hatch in the upper deck, for stowing and unstowing 
cargo.

[Illustration]

In the engine room there are six steam pumps, two of them bilge pumps, worked by the 
main crossheads, for clearing the engine room of water.  For pumping out the ballast 
tanks there are two more, which have their own independent engines.  The remaining 
two are for various purposes.  Besides these there are several hand pumps on the 
upper deck.

Having been built in 1885, the Ulunda is almost a new ship, and has been used 
principally as a cargo steamer, though she is provided also with a saloon and 
staterooms for a few passengers.  She was on her way from St. John, New Brunswick, 
to Halifax, when during a thick fog she struck on Cowl Ledge, a reef between Bryer and 
Long Islands, on the southwest coast of Nova Scotia, about half a mile from the shore.  
The cause of the disaster was probably one of the strong tide eddies which exist in the 
Bay of Fundy, and which had set her in toward the shore.  It was calm at the time, and 
she was making seven knots an hour; and, being close to the shore, leads should have 
been going in the chains.  Had this precaution been taken, very probably she would 
have been able to stop or anchor in time to avert this catastrophe.  There was no cargo 
on board, it being intended to ship one at Halifax for London.

8
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When ashore on this reef she was sold by public auction at Halifax, and fell to a 
syndicate of private individuals for L440.  These gentlemen at once decided to raise her 
if possible, transport her into dock, and repair her.  They commissioned Captain Kelly, of
the Princess Beatrice, a ship then in harbor, to visit her and see what could be done for 
that purpose.  He went with a hired crew to Annapolis, and from thence proceeded to 
the steamer by means of a tug, a distance of about forty miles.  When they arrived they 
found the Ulunda with her head to sea, and her stern in only 2 ft. of water at low tide, 
with a list of 30 deg. to port and her foremast broken short off.  At high tide the water 
flowed over the upper deck.  On examination, the engine room was found full of water, 
which did not rise and fall with the tide, showing that it had been filled at high tide 
through its skylight.  No. 3 hold was also full, but had a slight leak, which was shown by 
the water falling slowly at low tide and rising in the same manner at high water.  The 
other three holds were hopelessly leaky.

Upon investigation, it was decided to pump out the engine room compartment and No. 3
hold, and to make the iron lower deck watertight over the remaining holds.  For this 
purpose three powerful pumps, with the necessary boilers, were obtained from Halifax, 
sent by rail to Annapolis, and then shipped on board a tug, from which they were 
hoisted into the Ulunda by means of the derricks on the mainmast.  These were 
centrifugal pumps, capable of discharging 2,000 gallons a minute each.  One was 
placed in the engine room, another with its suction in No. 3 hold, and when these two 
compartments were pumped dry, it was found that in No. 3 hold the leak was easily kept
under, while in the engine room there was no leak at all.  The third pump was not used.

[Illustration]

In the two foremost holds 2,000 large casks were then placed, and all the hatches over 
the leaky holds—Nos. 1, 2, and 4—were battened down, and made airtight with felt, 
pitch, tow, etc.  A small hole was then made in Nos. 1 and 2 hatches, about 2 ft. square. 
When the tide had sunk its farthest, these two holes were closed and made perfectly 
airtight, in the same manner as the hatches had been.

Before this took place the whole of the lower deck over the badly damaged holds had 
been prevented from bursting up by means of wooden shores, which were placed in 
rows about 4 ft. apart, and wedged firmly into position.  The wood for the shores was 
obtained from Annapolis, and the casks from St. John.  The ship went ashore on August
26, 1890.  This work was commenced on September 8, and completed ten days 
afterward.

The labor of repairing her could only be carried out at low tide, and only then with the 
greatest difficulty, as the decks were very slippery with weeds, etc., and inclined at an 
angle of 30 deg.  Everything was ready for floating her off at high tide on the 18th, and 
the hatches were closed up on that day.
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She was raised off the rocks by the water rising and compressing the air in the two 
foremost holds, assisted by the buoyancy of the engine room and No. 3 compartments.  
At high water the bow was afloat, but she was aground by the stern.  When, however, 
she was taken in tow by three tugs, she slowly slid down the reef and floated into deep 
water.  One tug was placed on each bow, and the third was ahead.  In this state she 
was towed into West Port, a distance of four miles, and there beached on a sheltered 
stretch of sand.

The casks performed no part in floating the ship off, but were only there in case the 
great pressure of air should cause the escape of some of it, in which event all the space
underneath the lower deck would soon have been occupied with water instead of air.  
These casks would then, of course, have served to displace a large amount of this 
water, and so keep her afloat.  Luckily the deck did not leak, and the barrels were thus 
not instrumental in the raising.

When beached the hatches were taken off, the casks removed, and a false deck was 
built about 7 ft. below the lower deck, and about 10 ft. above the keel.  This was used 
as the bottom of the ship to take her round to Halifax, and was built in the following 
manner:  A kind of iron platform, about 2 ft. wide, runs along the sides of the holds in the
Ulunda for strengthening purposes, braced at intervals of 15 ft. by iron beams across 
the ship.

On this was built the wooden deck.  Beams for this deck were constructed of three 3 in. 
planks, and were laid down on the iron platform about 31/2 ft. apart, and firmly wedged 
into the ship’s side.  On these beams a layer of 3 in. planks was placed in a fore-and-aft
direction and nailed down; on this were three layers of felt, and on this again more 
planks were laid down in the same direction as before.

The whole deck was then carefully calked and the sides made watertight with Portland 
cement.  This deck only extended to the engine room bulkhead through the two 
foremost holds.  It was prevented from bursting up by the pressure on the bottom of it, 
by means of shores, in the same manner as the iron deck had been served before.  
Shores were, therefore, connecting the three decks—the upper deck, lower deck, and 
wooden deck—this being done to equalize the pressure on the extempore deck and the 
two permanent decks, and thus gain additional strength.

No deck was built in either of the after compartments, inasmuch as No. 3 hold was kept 
clear of water as before by its pump, and in No. 4 the deck was not necessary.  To have 
built one there, as in the two foremost ones, although it would have given a little more 
reserve of buoyancy to the ship, would have raised the stern higher than the bows, and 
so would have increased the upward pressure on the wooden deck, and thus have 
increased the liability to burst up.  For the same reason, when raising the ship off the 
rocks, no compressed air was used in the after
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hold to lift the ship.  The anchors and cables were in both cases transferred aft, for the 
same purpose, namely, to diminish the upward pressure forward.  In the case of the 
wooden deck leaking, 200 of the same casks were placed between it and the lower 
deck in the foremost hold to retain some of the buoyancy of the forepart, which would 
otherwise be lost.  No decks were built in the compartment before the collision 
bulkhead, as very little buoyancy was lost by that space being full of water, and all that 
was there was confined to that compartment by the bulkhead and the iron lower deck.

While all these foregoing arrangements were being made for the exclusion of water 
from the inside of the ship, the engineers and firemen were employed clearing the 
engine room of some fifty tons of coal which had been washed from the open bunkers 
into the machinery by the sea, when the engine room was full and the ship on the reef.  
The greatest difficulty was experienced in digging out and excavating the engines from 
the coal and dirt, and still greater was the labor of cleaning all the mechanism and 
putting everything once more in an efficient steaming condition.  But all was finished 
soon after the decks had been completed, and on October 12 she was ready for sea.  
On the following day she was floated off and started on her perilous voyage to Halifax, 
using her own engines, and making about five and a half knots an hour.  Her steam 
pumps were by this time all ready for service to assist the big ones on deck in an 
emergency.  She anchored once on her way round, at Shelburne, on the coast of Nova 
Scotia, arriving at Halifax at 1 p.m. on October 17.  The trip round was a very anxious 
time for all hands, more especially when they were overtaken by a fresh gale in the 
Atlantic, for the forward deck was very liable to be burst up with the increased pressure 
on it caused by the pitching of the ship; also the rudder was entirely unable to bear any 
strain on it, because the lower part of the rudder post was unconnected with the stern 
post, part of the stern framing which connects the two having been broken off.  Any 
heavy sea was therefore likely to carry away the rudder altogether, or the same accident
might happen if the helm was put down too hard, rendering the ship unmanageable.

She was placed in dry dock as soon as she arrived at Halifax, and it was not until then 
that the full extent of the damages, caused by the pounding on the rocks, could be fully 
realized.  The first 20 feet of the keel had been torn completely out, and about 30 feet 
from the stern there was an immense hole, with the thick plates torn and bent like paper,
the framing and stanchions being twisted into all sorts of shapes almost beyond 
recognition.  Under the foremast the bottom of the ship was bent up in the form of an 
arch, having been raised 4 feet above its natural position, with an immense hole 
punctured on the starboard side, besides several smaller ones.  Also the aftermost 20 
feet of keel was torn and jagged,

11



Page 6

with several small holes in the skin, and the lower portion of the stern framing was 
broken off, leaving the rudder post to hang down unsupported at its extremity.  It would 
strike one on looking at these gaping wounds that it would be nearly impossible to place
the Ulunda in an efficient condition again, but the work of renewing the damaged plates 
is being carried out at a great rate, and in three months’ time it is hoped that all the 
repairs necessary will be completed and the ship once more doing her duty.  She has 
already cost her owners some $10,000, and $40,000 are estimated to cover all future 
repairs.

The foremast was snapped off in a somewhat novel manner.  She was pivoted on the 
rocks by her bows, and at high tide, the day after she struck, a breeze sprang up and 
turned her round; the tide sinking again, the whole weight of the ship came on the 
bottom of the ship where she was then touching, namely, just on the spot where the 
foremost was stepped, and right astern, leaving the center portion of the ship 
unsupported.  This caused the foremast to rise, and it being held down by wire rigging, it
snapped in several places, at the same time tearing up the shrouds from the deck.  This
accounts also for the arch-like bulge in the bottom at that spot and for the damages 
astern; also for the fact that Captain Kelly discovered the ship with her head to sea.

Another incident happened when the ship was just rising off the rocks, which nearly 
resulted in a catastrophe.  When the ship was just beginning to lift, the leak in No. 3 
compartment was found to be gaining on its pump.  A diver was at once sent down to 
ascertain the cause, and he found that a small hole, about 6 inches square, had been 
punctured in the skin, which until then had been kept tight by the rock that had caused 
it.  It was necessary to close this leak at once.  An iron bolt, which was screwed for a nut
at one end, was obtained and passed through a strong piece of wood about 2 feet 
square.  The inside of this board was cushioned with canvas and oakum, and it was 
taken down outside the ship by the diver and placed over the hole, with the feathered 
end of the bolt sticking through the hole; the diver was then sent down inside the hold, 
and with a nut set up the whole cushion until the flow of water was stopped.  The leak 
was thus stopped which had threatened the arrangements for floating the ship with 
failure.

It has been seen that the method of raising the Ulunda was very simple.  She was 
floated off by the rising tide.  If there had been only a small instead of an 18 foot rise, 
some other mode would have to have been adopted.  No attempt was made to stop any
of the leaks, except the one just stated, but a deck above the lacerations was made 
water-tight, and this, together with the sides of the ship hanging down, formed a kind of 
diving bell, the pressure of air in which, caused by the water outside, acting on this 
deck, being the principal means of buoying up the ship, assisted by the buoyancy of the 
two water-tight compartments.  The deck afterward built was only necessary for the 
safety of the ship, she being able to float without it; but it would have been suicidal to 
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trust the ship on the Atlantic in the state she was in when raised, since with any swell 
on, the compressed air would escape and its place be taken by water, the buoyancy 
necessary for keeping her afloat being thus lost.
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It only remains to be said that the risks run in steaming around to Halifax by herself 
were, as it was, very great, and had the wind and sea been less favorable, the 
undertaking would probably have proved a disastrous failure.

* * * * *

THE THERMIC MOTOR OF THE FUTURE?

Up to recent years there was no reason for putting the question that forms the title of 
this article, for it was admitted by all that the conversion of thermic energy, or heat 
produced by the combustion of coal, into mechanical energy or work could no longer be 
effected economically except by having recourse to steam.  In ordinary language, and 
even to manufacturers, steam engine was the equivalent of thermic motor, and it would 
not have occurred to any one to use anything else but steam to effect the 
transformation.

The progress that has been made during the last twenty years in the thermatic study 
and construction of gas motors (without speaking of hot air motors) has shown that the 
use of steam is not absolutely indispensable for the production of work, and it has 
demonstrated that, as regards dynamic product, the gas motor preserves the 
advantage, although the relatively high price of the illuminating gas employed in the 
production of the motive power generally renders the use of this combustible more 
costly than steam, especially for high powers.

The economic truth of twenty years ago, when gas motors absorbed 1,500 liters per 
horse hour and exceeded with difficulty an effective power of from 8 to 10 horses, has 
become less and less certain, when the consumption has successively descended to 
1,200, 1,000, 800 and even to 600 liters of gas per horse hour, the power of the motors 
rising gradually to 25, 50 and 100 horses with a motor having a single cylinder of a 
diameter of 57 centimeters.

[Illustration:  Fig. 1.—Corliss engine and boiler of 100 indicated H.P.—Elevation and 
plan.

A, cylinder; B, condenser; C, boiler; R, feed water heater; D, chimney.]

But these results did not suffice, and it was desired to do better still by dispensing with 
the use of high priced illuminating gas.  An endeavor was made to obviate the difficulty 
by manufacturing a special gas for the motive power, as steam is produced for the same
object, by distilling coal, carbureting air, producing water gas by the Dowson process, 
and by other equivalent processes.

The strides made in this direction were finally crowned with success, and the results 
obtained in the recent experiments due to Mr. Aime Witz, an undoubted authority in the 
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matter, permit of affirming that now and hereafter, in many circumstances, a gas 
generator supplying a gas motor will be able to advantageously dethrone a steam boiler
supplying a steam engine of the same power.
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These conclusions, which tend to nothing less than to limit the reign of the steam 
engine, are confirmed on the one hand by an experiment carried on for the last two 
years in the Barataud flour mill of Marseilles, where a 50 h.p.  “Simplex” motor has been
running day and night for several months without stopping, and consuming but about 
500 grammes of English anthracite per effective horse hour, and, on another hand, by 
some personal experiments of Mr. Witz’s, to which we shall shortly advert, and whence 
there results a sensibly equivalent production for a motor of 100 indicated h.p., 
corresponding to a power of 75 effective horses.

Before establishing, with Mr. Witz, a comparison of the two systems in pressure, steam 
or gas, let us state in a few words in what the latter consists, the steam engine and the 
boiler that supplies it being so well known that no description is necessary.

The Dowson gas generator does not differ essentially from the numerous generators 
devised during recent years for the manufacture of gaseous combustibles, the use of 
which is so often convenient.  The motor that it supplies is the most powerful single 
cylinder one that has hitherto been constructed.  It is of 100 indicated h.p., and its 
normal angular velocity is 100 revolutions per minute.  On trial it has yielded 112 
indicated h.p., and 76.8 effective h.p., corresponding to an organic rendering of 69 per 
cent.  This motor, elaborated by Messrs. Delamare-Bouteville & Malandin, of Rouen, 
operates by compression and in four periods, according to the Beau de Rochas cycle.  
We give the aspect of it in Fig. 3.  In the first period the mixture of air and gas is sucked 
in, in the second it is compressed, in the third it is ignited, and in the fourth the products 
of combustion are expelled.

[Illustration:  Fig. 2.—Simplex motor, Dowson generator of 100 indicated H.P.—-
Elevation and plan.

A, cylinder; B, gas conduit; C, rubber pockets; D. gasometer; E, purifier; F, scrubber; G, 
hydraulic main; H, cooling pipe; I steam injector; K, steam boiler and superheater; L, 
gas generator; M, charger; N, discharge of the motor.]

Ignition is effected electrically by a series of sparks playing between two platinum points
in the slide valve, and this permits of regulating the instant of ignition through the edges 
of the orifices.  The angular velocity is regulated by a Watt’s governor, which secures an
isochronism of the motion independently of the charge.

The setting in motion of so powerful an engine is effected very easily by means of an 
arrangement that permits of introducing into the cylinder, while the piston is in the center
of the stroke, a mixture of air and gas whose pressure is sufficient at the arrival to expel 
the inert products.  After this the ignition takes place, and the explosion is sufficient to 
set the motor in motion.
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The trials made by Mr. Witz with the motor represented in Fig. 3 gave the following 
results, deduced from an experiment of 68 hours.  The figures relate to one effective 
horse power, measured with the brake upon the shaft of the motor.

  Consumption of anthracite. 516 grammes.
       " " coke. 96 "
  Consumption of water for the injection
    of steam. 0.487 liters. 
  Consumption of water for cooling
    the cylinder. 50.0 "
  Consumption of oil for lubricating
    the cylinder. 3.74 grammes. 
  Consumption of grease. 0.45 "
  Consumption of gas reduced to
    0 deg.  C. and to 760 mm. 2,370 liters.

This last figure will appear very high, but the fact must not be lost sight of that it is a 
question of poor gas, the net cost of which varies between one and two centimes per 
cubic meter, and the calorific power of which is but 1,487 heat units per cubic meter of 
constant volume, and supposing the steam condensed.  This combustion of 612 
grammes of combustible per effective horse hour is remarkable, and fully shows what 
may be expected of the gas motor supplied by a gas generator in putting to profit certain
improvements that will hereafter be possible, such, for example, as the lightening of the 
movable parts of the motor, the bettering of its organic rendering (now quite feeble), the 
use of better oils, the reduction of the consumption of water, the superheating of the 
steam injected into the gas generator, etc.

A well constructed steam engine, carefully kept in repair and as much improved as it is 
possible to make it, would certainly consume twice as much coal to produce the same 
quantity of effective work, say at least 1,200 grammes per horse hour.  But, as has been
objected with reason, it does not suffice to compare the figures as to the consumption of
fuel in order to institute a serious comparison between the steam engine and the motor 
using poor gas.

The gas generator requires the use of English anthracite, while a steam boiler is heated 
with any kind of coal.  The prices of unity of weight are therefore very different.  
Moreover, the gas motor necessitates an immense amount of water for the washing of 
the gas and the cooling of the cylinder, through circulation in the jacket.  It is well to 
keep this fact in view.  On another hand, the lubrification of the cylinders requires a 
profusion of oil whose flashing point must be at a very high temperature, else it would 
burn at every explosion and fill the cylinder with coom.  Such oil is very costly.
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Does not the expenditure of oil in large motors largely offset the saving in coal?  And 
then, gas motors are sold at high prices, as are gas generators, and this installation 
necessarily requires the addition of a large gasometer, scrubbers, etc.  The wear of 
these apparatus is rapid, and if we take into account the interest and amortization of the
capital engaged, we shall find that the use of steam is still more economical.  The 
obstruction caused by bulky apparatus is another inconvenience, upon which it is 
unnecessary to dwell.  In a word, the question is a very complex one.  We look at but 
one side of it in occupying ourselves only with the coal consumed, and we shall 
certainly expose those who allowed themselves to be influenced by the seductive 
figures of consumption to bitter disappointment.

To answer such objections Mr. Aime Witz has established a complete parallel between 
the two systems, in which he looks at the question from a theoretical and practical and 
scientific and financial point of view.  Considered as a transformation apparatus, a 
steam motor burning good Cardiff coal in a Galloway boiler with feed water heaters will 
consume (with a good condensing engine utilizing an expansion of a sixth) from 1,100 
to 1,250 grammes of coal per effective horse hour, which corresponds to a rough 
coefficient of utilization of 9.7 per cent.  A gas generator supplying a gas motor burning 
Swansea anthracite and Noeux coke, medium quality, will consume 516 grammes of 
anthracite and 90 of coke to produce 2,370 liters of gas giving 1,487 heat units per 
cubic meter.  Of the 3,524 heat units furnished to the motor by the 2,370 liters of gas, 
the motor will convert 18 per cent. into disposable mechanical work.

With the boiler, the gross rendering of the whole is 7 per cent.  With the gas generator it 
reaches 12.7 per cent.  From a theoretical point of view the advantage therefore rests 
with the gas generator and gas motor.  In order to compare the net cost of the units of 
work, from an industrial point of view, it is necessary to form estimates of installation, 
costs of keeping in repair, interest and amortization.

Figs. 1 and 2 represent, on the same scale, the installations necessary in each of these 
systems.  The legends indicate the names of the different apparatus in each 
installation.  The following table shows that, as regards the surface occupied, the 
advantage is again with the gas generator and gas motor: 

S t e a m  E n gin e.        Gas  Motor. 
S u rfac e  cove r e d.        8 5  s q.  m.        7 2  s q.  m .  
S u rfac e  expos e d.        3 3     "         4 3     "
—–             —–
Total s u rf ac e .         1 1 8     "        1 1 5     "

The estimates of installation formed by Mr. Witz set forth the expense relative to the 
capital engaged exactly at the same figure of 32,000 francs for a motive power of 75 
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effective horses.  The expenses of keeping in repair, interest, etc., summed up, show 
that the cost per day of 10 hours is 47.9 francs for the steam engine and 39.6 for the 
gas motor, say a saving of 8.3 francs per day, or about 2,500 francs for a year of 300 
days’ work.
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The gas motor, therefore, effects a great saving, while at the same time occupying less 
space, consuming less water and operating just as well.

With Mr. Witz we cheerfully admit all the advantages that he so clearly establishes with 
his perfect competency in such matters, but there still remain two points upon which we 
wish to be enlightened.  Are not the starting up, the operation and the keeping in repair 
of a gas generator actually more complicated and more delicate than the same 
elements of a steam engine?  Does not the poor gas manufactured in a gas generator 
present, from a hygienic point of view, danger sufficiently great to proscribe the use of 
such apparatus in many circumstances?

Such are the points upon which we should like to be enlightened before unreservedly 
sharing Mr. Witz’s enthusiasm, which, however, is justified, economically speaking, by 
the magnificent results of the experiments made by the learned engineer.—La Nature.

[Illustration:  Fig. 3.—Gas motor of 100 indicated horse power.]

* * * * *

IMPROVED PNEUMATIC HAMMER.

We publish illustrations of a Thwaites suspension pneumatic power 1/2 cwt. hammer of 
a new design, for planishing pipes and plates, for which we are indebted to 
Engineering.  As indicated in the perspective view (Fig. 1) the mechanism is supported 
at the center of a cross girder resting on two cast iron square pillars, box section, each 
bolted down to the foundations by four 11/4 in. diameter bolts.  The measurements of 
these columns and girders are given in Figs. 2 and 3, the former an elevation of the 
hammer and the latter a plan, partly in section, of the cross girder, while Fig. 4 is a cross
section showing the arrangements for operating the hammer.  In the center is a cast iron
guide for working the ram, the guide being extended on two sides to receive the disk 
crank journals, 2 in. in diameter by 31/2 in. long.  The disk cranks are connected to a 
hollow steel ram by a connecting rod.  The ram is divided inside into two compartments,
each having a phosphor bronze air piston.  These are connected together by a steel 
piston rod, the top air piston forming a connection for the small end of the connecting 
rod.  The outside diameter of the ram is 33/4 in., and the diameter of the air pistons 23/4
in. and 2-7/8 in. respectively.  Cottered into the bottom of the ram is a steel pallet holder 
with a dovetail, so that the pallet can be renewed or exchanged for one of another 
shape when required.  Keyed on to the crankshaft is a flanged pulley 10 in. in diameter 
by 31/4 in. between flanges.  There is also an overhead countershaft with strap shifting 
arrangement.  At the side of one of the columns a hand lever and quadrant are 
provided, as shown in the perspective view and in Fig. 2, for working an arrangement 
for tightening the belt when the machine
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is working.  To this arrangement is connected a powerful brake which stops the machine
in a few revolutions.  It will be seen that the brake is applied as the belt is slackened for 
stopping the machine.  For planishing pipes or tubes a long wrought iron mandrel is 
provided mounted on two cast iron carriages, each having four flanged wheels for 
running on rails.  The hammer is arranged so that tubes 4 feet in diameter can be 
worked for planishing plates.  A pallet is fastened on the top of one of the mandrel 
carriages, Figs. 5 to 8 showing the details of the carriages.  The general dimensions 
are:  Distance between pillars, 6 feet; height under girder, 5 feet; height from ground to 
top of mandrel, 4 feet 13/4 in.; and length of stroke, 5 in.  This machine is capable of 
delivering 500 blows per minute.  The constructors are Messrs. Thwaites Brothers, 
Limited, Bradford, Yorkshire.

[Illustration:  Fig. 1.]

[Illustration:  Suspension pneumatic power hammer.]

* * * * *

SIBLEY COLLEGE LECTURES.—1890-91.

By the Cornell University non-resident lecturers in mechanical engineering.

Compressed air production.

By Wm. L. Saunders, C.E., of New York.

I cannot but realize as I stand before you that I would be very much more at home were 
I in your midst.  I feel but little older and so very much less wise than when I sat in the 
class room an undergraduate of the University of Pennsylvania, that I trust I may expect
you to give me this afternoon, not only your attention, but your sympathy.

The present situation is not without suggestions of my own experience.  I recall a lecture
in the ordinary course, given by our professor of mining, whose struggles with the 
English language were quite as conspicuous as were our efforts to tell what he was 
driving at.  He was describing an ordinary windlass hoist used at the shaft of a mine.  
He said “There is a windlass at de top of de shaft around which is coiled a rope, on de 
two ends of which is fastened two er—er—pans, one of which is a bucket and de oder a
platform.”  I mention this because I shall ask you to attribute my shortcomings in this 
lecture, not so much to my lack of familiarity with my native tongue, as to—well, 
because I was not educated at Cornell University.
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We all know what free air is.  You who are privileged to live upon these beautiful hills 
overlooking Ithaca and the lake, doubtless know more about free air than we do who 
are choked in the dusty confines of New York City.  Compressed air is simply air under 
pressure.  That pressure may be an active one, as in the case of the piston of an air 
compressor; or passive, as with the walls of a receiver or transmission pipe.  It is usual 
to define compressed air as air increased in density by pressure, but we know that we 
may produce compressed air by heat alone.  A simple illustration of this is the pressure 
which will blow a cork from an empty bottle when that bottle has been placed near the 
fire.  Here we have pressure, or compressed air, in the bottle produced by heat alone.
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Having defined compressed air, we must next define heat; for in dealing with 
compressed air, we are brought face to face with the complex laws of 
Thermodynamics.  We cannot produce compressed air without also producing heat, and
we cannot use compressed air as a power without producing cold.  Based on the 
material theory of heat, we would say that when we take a certain volume of free air and
compress it into a smaller space, we get an increase in temperature because we have 
the heat of one volume occupying less space, but no one at this date accepts the 
material theory of heat.  Your distinguished director, Professor Thurston, in discussing 
“Steam and its Rivals,” in the Forum, said:  “The science of Thermodynamics teaches 
that heat and mechanical energy are only different phases of the same thing, the one 
being the motion of molecules, and the other that of masses.”  This is the accepted 
theory of heat.  In other words, we do not believe that there is any such thing as heat, 
but that what we call heat is only the sensible effect of motion.  In the cylinder of an air 
compressor the energy of the piston is converted into molecular motion in the air and 
the result, or the equivalent, is heat.  A higher temperature means an increased speed 
of vibration, and a lower temperature means that this speed of vibration is reduced.  If I 
hold an open cylinder in my left hand and a piston in my right, and place the piston 
within the cylinder, I here have a confined volume of air at the temperature and the 
pressure of this room.  These particles of air are in motion and produce heat and 
pressure in proportion to that motion.  Now if I press the piston to a point in the center of
the cylinder, that is, to one-half the stroke, I here decrease the distance between the 
cylinder head and the piston just one-half, hence each molecule of air strikes twice as 
many blows upon the piston and head in traveling the same distance and the pressure 
is doubled.  We have also produced about 116 degrees of heat, because we have 
expended a certain amount of work upon the air; the air has done no work in return, but 
we have increased the energy of molecular vibration in the air and the result is heat.

But what of this heat?  What harm does it do?  If I instantly release the piston which I 
hold at one-half stroke it will return to its original position, less only a little friction.  I 
have, therefore, recovered all, or nearly all, the power spent in compressing the air.  I 
have simply pressed a spring, and have let it recover.  We see what a perfect spring 
compressed air is.  We see the possibility of expending one horse power of energy 
upon air and getting almost exactly one horse power in return.  Such would be the case 
provided we used the compressed air power immediately and at the point where the 
compression takes place.  This is never done, but the heat which has been boxed up[1] 
in the air is lost by radiation, and we have lost power.  Let us see to what extent this 
takes place.
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[Footnote 1:  I use material terms because they add to simplicity of expression and 
notwithstanding the fact that heat is vibration.]

Thirteen cubic feet of free air at normal temperature and barometric pressure weigh 
about one pound.  We have seen that 116 degrees of heat have been liberated at half 
stroke.  The gauge pressure at this point reaches 24 pounds.  According to Mariotte’s 
law, “The temperature remaining constant, the volume varies inversely as the pressure,”
we should have 15 pounds gauge pressure.  The difference, 9 pounds, represents the 
effect of the heat of compression in increasing the relative volume of the air.

[Illustration:  Fig. 1.:  Curves of compression ILLUSTRATEDIN volumes, pressures, and 
temperatures.]

The specific heat of air under constant pressure being 0.238, we have 0.238 x 116 = 
27.6 heat units produced by compressing one pound or thirteen cubic feet of free air 
into one-half its volume. 27.6 x 772 (Joule’s equivalent) = 21,307 foot pounds.  We 
know that 33,000 foot pounds is one horse power, and we see how easily about two-
thirds of a horse power in heat units may be produced and lost in compressing one 
pound of air.  I would mention here that exactly this same loss is suffered when 
compressed air does work in an engine and is expanded down to its original pressure.  
In other words, the heat of compression and the cold of expansion are in degree equal.

Experiments made by M. Regnault and others on the influence of heat on pressures 
and volumes of gases have enabled us to fix the absolute zero of temperature as -461 
degrees Fahrenheit.  This point, 461 degrees below zero, is the theoretical point at 
which a volume of air is reduced to nothing.  The volume of air at different temperatures 
is in proportion to the absolute temperature, and on this basis Box gives us the following
table: 

TABLE l.—OF THE VOLUME AND WEIGHT OF DRY AIR AT DIFFERENT 
TEMPERATURES UNDER A CONSTANT ATMOSPHERIC PRESSURE OF 29.92 
INCHES OF MERCURY IN THE BAROMETER (ONE ATMOSPHERE), THE VOLUME 
AT 32 deg.  FAHRENHEIT BEING 1.

  Temperature Volume in Weight of a
  in degrees. cubic feet. cubic foot in lb.
       32 1.000 0.0807
       42 1.020 0.0791
       52 1.041 0.0776
       62 1.061 0.0761
       72 1.082 0.0747
       82 1.102 0.0733
       92 1.122 0.0720
      102 1.143 0.0707
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      112 1.163 0.0694
      122 1.184 0.0682
      132 1.204 0.0671
      142 1.224 0.0660
      152 1.245 0.0649
      162 1.265 0.0638
      172 1.285 0.0628
      182 1.306 0.0618
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      192 1.326 0.0609
      202 1.347 0.0600
      212 1.367 0.0591
      230 1.404 0.0575
      250 1.444 0.0559
      275 1.495 0.0540
      300 1.546 0.0522
      325 1.597 0.0506
      350 1.648 0.0490
      375 1.689 0.0477
      400 1.750 0.0461
      450 1.852 0.0436
      500 1.954 0.0413
      550 2.056 0.0384
      600 2.15[1] 0.0376
      650 2.260 0.0357
      700 2.362 0.0338
      750 2.464 0.0328
      800 2.566 0.0315
      850 2.668 0.0303
      900 2.770 0.0292
      950 2.872 0.0281
    1,000 2.974 0.0268
    1,100 3.177 0.0254
    1,200 3.381 0.0239
    1,300 3.585 0.0225
    1,400 3.789 0.0213
    1,500 3.993 0.0202
    1,600 4.197 0.0192
    1,700 4.401 0.0183
    1,800 4.605 0.0175
    1,900 4.809 0.0168
    2,000 5.012 0.0161
    2,100 5.216 0.0155
    2,200 5.420 0.0149
    2,300 5.624 0.0142
    2,400 5.828 0.0138
    2,500 6.032 0.0133
    2,600 6.236 0.0130
    2,700 6.440 0.0125
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    2,800 6.644 0.0121
    2,900 6.847 0.0118
    3,000 7.051 0.0114
    3,100 7.255 0.0111
    3,200 7.459 0.0108

[Transcribers note 1:  last digit illegible]

The effect of this heat of compression in increasing the volume, and the heat produced 
at different stages of compression, are shown by the following table: 

TABLE 2.—HEAT PRODUCED BY COMPRESSION OF AIR.

--------+ - ----------------------+ - ---------+ - ----------
-+ - ------------
|       P r e s s u r e .         |           |             |
Atmo-   + - ----------+ - ----------+   Volum e   |Te m p e r a t u r e  |     Total
s p h e r e s . |Pou n d s  p e r  |Pou n d s  p e r  |  in Cubic  |  of t h e  Air |  Inc r e a s e  of
| S q u a r e  Inc h |S q u a r e  Inch |    Fee t .   |  t h ro u g ho u t  |  Tem p e r a t u r e .
|  a bove  a    | a bove  t h e   |           | t h e  P roc es s . |    De g r e e s .
|  Vacuu m.    |At mos p h e r e  |           |   De g r e e s .   |
|            | (G au g e      |           |             |
|            | P r e s s u r e).  |           |             |
--------+ - ----------+ - ----------+ - ---------+ - -----------+ - --
----------
1.00   |    1 4.7 0    |     0 .00    |   1 . 00 0 0   |     6 0.0     |     0 0.0
1.10   |    1 6.1 7    |     1 .47    |   0 . 93 4 6   |     7 4.6     |     1 4.6
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1.25   |    1 8.3 7    |     3 .67    |   0 . 85 3 6   |     9 4.8     |     3 4.8
1.50   |    2 2.0 5    |     7 .35    |   0 . 75 0 1   |    1 2 4.9     |     6 4.9
1.75   |    2 5.8 1    |    1 1.1 1    |   0 . 67 2 4   |    1 5 1.6     |     9 1.6
2.00   |    2 9.4 0    |    1 4.7 0    |   0 . 61 1 7   |    1 7 5.8     |    1 1 5.8
2.50   |    3 6.7 0    |    2 2.0 0    |   0 . 52 2 1   |    2 1 8.3     |    1 5 8.3
3.00   |    4 4.1 0    |    2 9.4 0    |   0 . 45 8 8   |    2 5 5.1     |    1 9 5.1
3.50   |    5 1.4 0    |    3 6.7 0    |   0 . 41 1 3   |    2 8 7.8     |    2 2 7.8
4.00   |    5 8.8 0    |    4 4.1 0    |   0 . 37 4 1   |    3 1 7.4     |    2 5 7.4
5.00   |    7 3.5 0    |    5 8.8 0    |   0 . 31 9 4   |    3 6 9.4     |    3 0 9.4
6.00   |    8 8.2 0    |    7 3.5 0    |   0 . 28 0 6   |    4 1 4.5     |    3 5 4.5
7.00   |   1 0 2.90    |    8 8.2 0    |   0 .25 1 6   |    4 5 4.5     |    3 9 4.5
8.00   |   1 1 7.60    |   1 0 2.90    |   0 .22 8 8   |    4 9 0.6     |    4 3 0.6
9.00   |   1 3 2.30    |   1 1 7.60    |   0 .21 0 5   |    5 2 3.7     |    4 6 3.4
1 0.00   |   1 4 7.00    |   1 3 2.30    |   0 .1 9 5 3   |    5 5 4.0     |    4 9 4.0
1 5.00   |   2 2 0.50    |   2 0 5.80    |   0 .1 4 6 5   |    6 8 1.0     |    6 2 1.0
2 0.00   |   2 9 4.00    |   2 7 9.30    |   0 .1 1 9 5   |    7 8 1.0     |    7 2 1.0
2 5.00   |   3 6 7.50    |   3 5 2.80    |   0 .1 0 2 0   |    8 6 4.0     |    8 0 4.0
--------+ - ----------+ - ----------+ - ---------+ - -----------+ - --
----------

A cubic foot of free air at a pressure of one atmosphere (equal to 14.7 pounds above a 
vacuum) at a temperature of 60 degrees, when compressed to twenty-five 
atmospheres, will register 367.5 pounds above a vacuum (352.8 pounds gauge 
pressure), will occupy a volume of 0.1020 cubic foot, will have a temperature of 864 
degrees, and the total increase of temperature is 804 degrees.

The thermal results of air compression and expansion are shown by the accompanying 
diagram.

The horizontal and vertical lines are the measures of volumes, pressures and 
temperatures.  The figures at the top indicate pressures in atmospheres above a 
vacuum, the corresponding figures at the bottom denote pressures by the gauge.  At the
right are volumes from one to one-tenth.  At the left are degrees of temperatures from 
zero to 1,000 Fahrenheit.  The two curves which begin at the upper left hand corner and
extend to the lower right are the lines of compression or expansion.

The upper one being the Adiabatic curve, or that which represents the pressure at any 
point on the stroke with the heat developed by compression remaining in the air; the 
lower is the Isothermal, or the pressure curve uninfluenced by heat.  The three curves 
which begin at the lower left hand corner and rise to the right are heat curves and 
represent the increase of temperature corresponding with different pressures and 
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volumes, assuming in one case that the temperature of the air before admission to the 
compressor is zero, in another sixty degrees, and in another one hundred degrees.
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Beginning with the adiabatic curve, we find that for one volume of air when compressed 
without cooling the curve intersects the first vertical line at a point between 0.6 and 0.7 
volume, the gauge pressure being 14.7 pounds.  If we assume that this air was admitted
to the compressor at a temperature of zero, it will reach about 100 degrees when the 
gauge pressure is 14.7 pounds.  We find this by following down the first line intersected 
by the adiabatic curve to the point where the zero heat curve intersects this same line, 
the reading being given in figures to the left immediately opposite.  If the air had been 
admitted to the compressor at 60 degrees, it would register about 176 degrees at 14.7 
pounds gauge pressure.  If the air were 100 degrees before compression, it would go 
up to about 230 degrees at this pressure.  Following this adiabatic curve until it 
intersects line No. 5, representing a pressure of five atmospheres above a vacuum 
(58.8 lb. gauge pressure), we see that the total increase of temperature on the zero 
heat curve is about 270 degrees, for the 60 degree curve it is about 370 degrees, and 
for the 100 degree curve it is about 435 degrees.  The diagram shows that when a 
volume of air is compressed adiabatically to 21 atmospheres (294 lb. gauge pressure), 
it will occupy a volume a little more than one-tenth; the total increase of temperature 
with an initial temperature of zero is about 650 degrees; with 60 degrees initial 
temperature it is 800 degrees, and with 100 degrees initial it is 900 degrees.  It will be 
observed that the zero heat curve is flatter than the others, indicating that when free air 
is admitted to a compressor cold, the relative increase of temperature is less than when 
the air is hot.  This points to the importance of low initial temperature.

We have now seen that the economical production of compressed air depends upon the
following conditions: 

(1) A low initial temperature.

(2) Thorough cooling during compression.

It has been demonstrated by experiments made in France that the power required to 
compress moist air is less than that for dry air.  A table showing the power required to 
compress moist and dry air has been prepared from the data of M. Mallard and shows 
that for five atmospheres the work expended in compressing one pound of dry air is 
58,500 foot pounds, while that for moist air is 52,500 foot pounds.  In expansion also 
moisture in the air adds to the economy, but in both cases the saving of power is not 
great enough to compensate for the many disadvantages due to the presence of water. 
Mr. Norman Selfe, of the Engineering Association of N.S.W., has compiled a table which
shows some important theoretical conditions involved in producing compressed air.

So much for the theory of compression.  We now come to the practical production of 
compressed air.
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The first record that we have of the use of an air compressor is at Ramsgate Harbor, 
Kent, in the year 1788.  Smeaton invented this “pump” for use in a diving apparatus.  In 
1851, William Cubitt, at Rochester Bridge, and a little later an engineer, Brunel, at 
Saltash, used compressed air for bridge work.  But the first notable application of 
compressed air is due to Professor Colladon, of Geneva, whose plans were adopted at 
the Mont Cenis tunnel.  M. Sommeiller developed the Colladon idea and constructed the
compressed air plant illustrated in Fig. 2.

[Illustration:  FIG. 2.]

The Sommeiller compressor was operated as a ram, utilizing a natural head of water to 
force air at 80 pounds pressure into a receiver.  The column of water contained in the 
long pipe on the side of the hill was started and stopped automatically, by valves 
controlled by engines.  The weight and momentum of the water forced a volume of air 
with such shock against a discharge valve that it was opened and the air was 
discharged into the tank; the valve was then closed, the water checked; a portion of it 
was allowed to discharge and the space was filled with air, which was in turn forced into 
the tank.  The efficiency of this compressor was about 50 per cent.

At the St. Gothard tunnel, begun in 1872, Prof.  Colladon first introduced the injection of 
water in the form of spray into the compressor cylinder to absorb the heat of 
compression.

[Illustration:  FIG. 3.]

Fig. 3 illustrates the air cylinder of the Dubois-Francois type of compressor, which was 
the best in use about the year 1876.  This compressor was exhibited at the Centennial 
Exposition and was adopted by Mr. Sutro in the construction of the Sutro tunnel.  A 
characteristic feature seems to be to get as much water into the cylinder as possible.  
The water which flooded the bottom of the cylinder arose from the voluminous injection; 
this water was pushed into the end of the cylinder and some of it escaped with the air 
through the discharge valve.

An improved pattern of this compressor is shown in Fig. 4.

[Illustration:  FIG. 4.]

These illustrations are interesting from an historical point of view, as indicating the line 
of thought which early designers of air-compressing machinery followed.  As the 
necessity for compressed air power grew, inventors turned their attention to the 
construction of air-compressing engines that would combine efficiency with light weight 
and economy of space and cost.  The trade demanded compressors at inaccessible 
localities, and in many cases it was preferred to sacrifice isothermal results to simplicity 
of construction and low cost.
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It is evident that an air compressor which has the steam cylinder and the air cylinder on 
a single straight rod will apply the power in the most direct manner, and will involve the 
simplest mechanics in the construction of its parts.  It is evident, however, that this 
straight line, or direct construction, results in an engine which has the greatest power at 
a time when there is no work to perform.  At the beginning of the stroke steam at the 
boiler pressure is admitted behind the piston, and, as the air piston at that time is also at
the initial point in the stroke, it has only free air against it.  The two pistons move 
simultaneously, and the resistance in the air cylinder rapidly increases as the air is 
compressed.  To get economical results it is, of course, necessary to cut off in the steam
cylinder, so that at the end of the stroke, when the steam pressure is low, as indicated 
by the dotted line (Fig. 5), the air pressure is high, as similarly indicated.  The early 
direct-acting compressor used steam at full pressure throughout the stroke.  The 
Westinghouse pump, applied to locomotives, is built on this principle, and those who 
have observed it work have perhaps noticed that its speed of stroke is not uniform, but 
that it moves rapidly at the beginning, gradually reducing its speed, and seems to labor, 
until the direction of stroke is reversed.  This construction is admitted to be wasteful, but
in some cases, notably that of the Westinghouse pump, economy in steam consumption
is sacrificed to lightness and economy of space.

[Illustration:  FIG. 5.]

Many efforts were made to equalize the power and resistance by constructing the air 
compressor on the crank shaft principle, putting the cranks at various angles, and by 
angular positions of steam and air cylinders.  Several types are shown in Fig. 6.

[Illustration:  FIG. 6.]

Angular positions of the cylinder involve expensive construction and unsteadiness.  
Experience has conclusively proved that it does not pay to build air compressors with 
vertical cylinders, and moreover we have found out that there is nothing in the apparent 
difficulty in equalizing the strains in a direct-acting engine.  It is simply necessary to add 
enough weight to the moving parts, that is, to the piston, piston rod, fly wheel, etc., to 
cut off early in the stroke and secure rotative speed with the most economical results 
and with the cheapest construction.  It is obvious that the theoretically perfect air 
compressor is a direct-acting one with a conical air cylinder, the base of the cone being 
nearest the steam cylinder.  This, from a practical point of view, is impossible.  Mr. Hill, 
in referring to the fallacious tendencies of pneumatic engineers to equalize power and 
resistance in air compressors, says:  “The ingenuity of mechanics has been taxed and a
great variety of devices have been employed.  It is usual to build on the pattern of 
presses which do their work in a
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few inches of the end of the stroke and employ heavy fly wheels, extra strong 
connections, and prodigious bed plates.  Counterpoise weights are also attached to 
such machines; the steam is allowed to follow full stroke, steam cylinders are placed at 
awkward angles to the air-compressing cylinders and the motion conveyed through 
yokes, toggles, levers; and many joints and other devices are used, many of which are 
entire failures, while some are used with questionable engineering skill and very poor 
results.”

[Illustration:  FIG. 7.]

Fig. 7 illustrates the theory of Duplex Air Compressors.  The hydraulic piston or plunger 
compressor is largely used in Germany and elsewhere on the Continent of Europe, but 
the duplex may be said to be the standard type of European compressor at the present 
time.  It is also largely used in this country.  Fig. 7 shows the four cylinders of a duplex 
compressor in two positions of the stroke.  It will be observed that each steam cylinder 
has an air cylinder connected directly to the tail rod of its piston, so that it is a direct-
acting machine, except in that the strains are transmitted through a single fly wheel, 
which is attached to a crank shaft connecting the engines.  In other words, a duplex air 
compressor would be identical with a duplex steam engine were it not for the fact that 
air cylinders are connected to the steam piston rods.  The result is, as shown in Fig. 7, 
that, at that point of the stroke indicated in the top section, the upper right hand steam 
cylinder, having steam at full pressure behind its piston, is doing work through the angle 
of the crank shaft upon the air in the lower left hand cylinder.  At this point of the stroke 
the opposite steam cylinder has a reduced steam pressure and is doing little or no work,
because the opposite air cylinder is beginning its stroke.  Referring now to the lower 
section, it will be seen that the conditions are reversed.  One crank has turned the 
center, and that piston which in the upper section was doing the greatest work is now 
doing little or nothing, while the labor of the engine has been transferred to those 
cylinders which a moment before had been doing no work.

There are some advantages in this duplex construction, and some disadvantages.  The 
crank shafts being set quartering, as is the usual construction, the engine may be run at
low speed without getting on the center.  Each half being complete in itself, it is possible
to detach the one when only half the capacity is required.  The power and resistance 
being equalized through opposite cylinders, large fly wheels are not necessary.  Strange
to say, the American practice seems to be to attach enormous fly wheels to duplex air 
compressors.  It is difficult to justify this apparently useless expense in view of the facts 
shown in Fig. 7.  A fly wheel does not furnish power, nor does it add to the economy of 
an engine except in so far as it enables it to cut off early in the
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stroke, and to equalize the power and resistance.  In other words, a fly wheel is not a 
source of power, and in many cases it is only a means by which we accomplish rotative 
speed.  It takes power to move matter, and assuming that other conditions are equal, 
every engine that carries a fly wheel that is larger than is necessary consumes a certain
number of foot pounds in turning so much metal around through space.  Were it 
possible to cut off at the same point and rotate as positively without a fly wheel, it would 
be done away with entirely.  Some straight line air compressors are so constructed that 
the momentum of the piston and other moving parts is nearly sufficient to equalize the 
strains without a fly wheel; but the fly wheel is there because it insures a definite length 
of stroke, and because it enables us to operate eccentrics and to regulate the speed of 
the engine uniformly.

Objections to the duplex construction are:  The strains are indirect, angular and 
intermittent.  It is necessary therefore to largely increase the strength of parts; to add a 
crank shaft of large diameter with enormous bearings, and to build expensive and very 
secure foundations.  Should the foundations settle at any point, excessive strains will be
brought upon the bearings, resulting in friction and liability to breakage.  A steam engine
meets with a resistance on its crank shaft that is uniform throughout the stroke; while an
air compressor is subject to a heavy maximum strain at the end of the stroke, hence the
importance of direct straight line connection between power and resistance.

[Illustration:  FIG. 8.]

The friction loss on a duplex compressor seldom gets lower than 15 per cent., while 
straight line compressors show as low a loss as 5 per cent.  Fig. 8 illustrates the Rand 
Duplex Air Compressor, a machine largely used in America, especially in the Lake 
Superior iron mines.  Fig. 9 illustrates a Duplex Compound Condensing Corliss Air 
Compressor built by the Ingersoll-Sergeant Drill Company.  This is a compressor made 
of the best type of Corliss engine, with air cylinders connected to the tail rods of the 
steam cylinders.  One of these machines, of about 400 horse power capacity, is now at 
work furnishing compressed air power for the Brightwood Street Railway in Washington,
D.C.  Fig. 10 illustrates the Norwalk direct-acting straight line air compressor, with 
compound air cylinder.  The chief purpose of compounding is to reduce the maximum 
strain.  This construction also adds to isothermal economy.  The large cylinder to the left
determines the capacity of the compressor, the air being compressed first to a low 
pressure (ordinarily about 30 pounds per square inch), afterward passing through an 
intercooler, by which its temperature is reduced, and then it is compressed still higher, 
even to 5,000 pounds per square inch if desired.  The terminal strain, which is so severe
in air compressors, is here considerably reduced, as in this case it is only equal to the 
area of the initial air piston multiplied by its low air pressure.
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[Illustration:  FIG. 9.]

Economical results are attained with this compressor at low cost of construction.  The fly
wheels are small, and the bearings narrow, because the maximum strain is less, and 
the momentum of the piston and other moving parts is such that most of the high initial 
steam power is taken up in starting these parts and is afterward given out at the end of 
the stroke, when the steam pressure is low.  The strains are direct, and expensive 
foundations are not required.  Fig. 11 illustrates the Ingersoll-Sergeant Compound 
Straight Line Air Compressor.  This differs from the one just described chiefly in that it is 
single-acting, while the other is double-acting.

[Illustration:  FIG. 10.]

By single-acting is meant that the air cylinders compress their respective volumes of air 
once every revolution.  The air is admitted to the large cylinder through the piston, is 
compressed to about 30 pounds, and on the return stroke the pressure is raised to 
almost any point required, and in proportion to the diameter of the smaller cylinder.  
Though single-acting, the capacity of one of these compressors is about equal to that of
the double-acting machine of the same cost of construction.  The initial air cylinder is 
made large enough to correspond with the capacity of the smaller double-acting 
cylinder.  The strains are equalized because the area of the large cylinder multiplied by 
its low pressure is exactly equal to that of the small cylinder multiplied by its high 
pressure.  The maximum strains are reduced considerably below those which exist in 
compressors that do not compound the air.

[Illustration:  FIG. 11.]

The advantage of the single-acting air cylinder over the double is that it compresses a 
volume of free air only once every revolution, hence there is a better chance to cool the 
air during compression.  The cylinders have time to impart to the water jackets the heat 
produced by compression and are kept cooler.  The large air head of the initial cylinder 
is jacketed, also adding to isothermal economy.

[Illustration:  FIG. 12.]

Fig. 12 illustrates the Ingersoll-Sergeant Piston Inlet Cold Air Compressor.  This a 
straight line direct-acting engine, with steam and air pistons connected to a single rod 
through a crosshead which connects with two fly wheels.  The strains are direct and the 
power and resistance are equalized by the inertia of the crosshead, piston, rods, and fly 
wheels.  The Meyer’s adjustable cut-off is used on the steam cylinder.  The air cylinder 
is provided with a tail rod tube through which all the air is admitted into the cylinder.

[Illustration:  FIG. 13.—AN AUTOMATIC AND ADJUSTABLE REGULATOR AND 
UNLOADING DEVICE APPLIED TO INGERSOLL-SERGEANT AIR COMPRESSORS.]
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Fig. 13 illustrates an unloading device and regulator applied to the Ingersoll-Sergeant 
compressor.
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The purpose of this unloading device is to maintain a uniform air pressure in the 
receiver and a uniform speed of engine, notwithstanding the consumption of the air, and
to do this without waste of power or attention on the part of the engineer.  A weighted 
valve of safety valve pattern is attached to the air cylinder, and is connected with the air 
receiver, and with a discharge valve on each end of the air cylinder, also with a 
balanced throttle valve in the steam pipe.  When the pressure of the air gets above the 
desired point in the receiver, the valve is lifted and the air is exhausted from behind the 
discharge valves, thus letting the compressed air at full receiver pressure into the 
cylinder at both ends, and balancing the engine.  At the same instant the compressed 
air is exhausted from the little piston connected with the balanced steam valve and the 
steam is automatically throttled, so that only enough steam is admitted to keep the 
engine turning around, or to overcome the friction, no work being done.

[Illustration:  FIG. 14.]

When the compressor is unloaded, it is evident that the function of the air piston is 
merely to force the compressed air through the discharge valves and passages from 
one end to the other until more compressed air is required, this being indicated by a fall 
in the receiver pressure.  The weighted valve now closes and the small connecting 
pipes are instantly filled with compressed air; the steam valve automatically opens, and 
the compression goes on in the regular way.  Another function of this device is to 
prevent the compressor from stopping or getting on the center.  Direct-acting 
compressors are liable to center when doing work at slow speed.

[Illustration:  FIG. 15.  PISTON INLET VALVE OPERATED BY THE NATURAL LAWS 
OF MOMENTUM.]

Fig. 15 illustrates the Ingersoll-Sergeant Air Cylinder and Piston.

Fig. 16 shows the piston inlet valve, situated at G in Fig. 15.  Two of these valves are 
placed in each piston of a double-acting air cylinder, the piston being hollow and the 
free air being admitted through a tail-rod pipe, letter E, Fig. 15.  JJ are water jacket 
passages for cooling the air during compression.  Owing to the absence of inlet valves, 
large water jackets are provided, not only around the cylinder itself, but through the 
heads.  As the heat of compression is greater near the end of the stroke, the advantage 
of a cool head is manifest.  H H are the discharge valves through which the compressed
air is forced.

[Illustration:  FIG. 16.  PISTON INLET VALVE OPERATED BY THE NATURAL LAWS 
OF MOMENTUM.]
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The most interesting feature of this cylinder is the piston inlet valve.  It is evident that 
this valve being attached to the piston needs no springs or other connections, but is 
opened and closed exactly at the right time by its natural inertia.  With only about 1/4 of 
an inch throw of valve a large area is opened, through which the free air is drawn.  The 
valve is made of a single piece of composition metal and is practically indestructible.  Its
construction is such that it fills the clearance spaces to a greater extent than is usual in 
air compressors.  A singular feature is that indicator cards taken on these cylinders 
show a free air line in some cases a little above the atmospheric line.  Poppet valve 
compressors almost invariably show a slight vacuum, due to several causes, mainly the 
duty performed in compressing the springs of the valves, but the vacuum is also 
influenced by insufficiency of valve area, hot air cylinders, etc.  This cylinder gives its full
volume of air, and apparently a little more at times, because the air is admitted by a 
concentrated inlet in which free air is always moving in one direction.  After it has been 
started, the speed of the compressor is such that the air attains a momentum due to its 
velocity and density; this serves a useful purpose in piling up the free air in the cylinder 
before the inlet valve closes on the return stroke.

[Illustration:  FIG. 17.—COMBINED STEAM AND AIR INDICATOR CARD: 

Taken from a 16x18 Sergeant piston inlet air compressor, meyer’s cut-off at 3/10.  
Steam at 58 lb.; air pressure, 77 lb.; total engine friction, 5 per cent.]

Fig. 17 illustrates a combined steam and air indicator card taken from one of these 
cylinders.  It will be observed that with steam and air cylinders equal in diameter and 
stroke, an air pressure of 77 pounds is reached with a steam pressure of only 58 
pounds.  The reason for this is plainly shown in the cards, their areas being nearly 
equal.  What is made up in the air card by high pressure is represented in the steam 
card by greater volume.  The indicated efficiency deduced from these cards is 95 per 
cent., that is, the area of the air card divided by the area of the steam card, representing
the resistance divided by the power, results in 95 per cent.  While several cards have 
been taken on the cylinders showing a loss by friction of only 5 per cent., yet on the 
average the best practice shows a loss of 6 per cent. or an efficiency of 94 per cent.  
This result indicates an almost perfect proportion between power and resistance, and 
good workmanship in air-compressing machinery.  It is difficult to conceive an engine of 
this size being worked with a less expenditure for friction than 5 or 6 per cent.  Were it 
possible to retain the heat which is in the air, and which is represented by the space 
between the dotted isothermal curve and the actual curve, we might attain high 
efficiency in using compressed air power, but it is evident that the power represented by
the area of this space will be lost by radiation of heat before it is used in an engine 
situated several hundred feet away.
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These indicator cards show at a glance that heat is responsible for the important air 
losses, and that so far as the design of the compressing engine is concerned, we have 
attained a point very near perfection.  All the devices, past, present and future, on which
inventors spend so much time, and in the development of which capitalists are 
innocently inveigled, aim to save this six per cent. loss! We hear a good deal about 
“Centrifugal Air Compressors,” “Rotaries,” “Plunger Pumps,” etc., designs involving 
expensive complications without any heat advantage, and which seem to be based 
upon the “iridescent dream” of a large loss in the present method of compressing air.  
Here we have a simple engine, compact and complete in itself, capable of high speed 
without injury, constructed on the basis of our best steam engine practice, which 
produces compressed air power at a loss of only six per cent.

Clearance is not taken into consideration in the foregoing figures, but clearance is very 
much more of a bete noir in theory than in practice.  The early designers, as shown in 
the “Dubois-Francois” illustrations, Figs. 3 and 4, regarded clearance loss as a very 
serious matter.  Even at the present time some air compressor manufacturers admit 
water through the inlet valves into the air cylinder, not so much for the purpose of 
cooling as to fill up the clearance space.  A long stroke involving expensive construction 
is usually justified by the claim that a large saving is effected by reduced clearance 
loss.  Let us see what the effect of this clearance is.  Assuming that we have an air 
compressor which shows an isothermal pressure line, there would be some loss of 
power due to clearance space, because we would have a certain volume of air upon 
which work was done and heat produced, that heat having been absorbed and the air 
being retained in the cylinder and not serving any useful purpose.  But let us assume 
that we have a compressor which shows an adiabatic pressure line.  We now have the 
air in the clearance space acting precisely as a spring, compressed at each stroke, 
retaining its heat of compression, and giving it out against the air piston at the point 
when the stroke is reversed.  There is no loss of power in such a case as this, but, on 
the contrary, the air spring is useful in overcoming the inertia of the piston and moving 
parts.  The best air compressors give a result about midway between the isothermal 
and the adiabatic, and the net loss of power directly due to clearance is so small as to 
be practically unworthy of consideration.

It must not be inferred from the preceding remarks that the designer of an air 
compressor may neglect the question of clearance.  On the contrary, it is a very 
important consideration.  If we assume a large clearance space in the end of an air 
cylinder of a compressor which is furnishing air at a high pressure, we may readily 
conceive that space to be so large, and that pressure so high, that the entire volume of 
the cylinder would be filled by the air from the clearance space alone, and the 
compressor would take in no free air and would, of course, produce no compressed air.
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Loss in capacity of air compressors by clearance is in direct proportion to the pressure.

Owing to the loss of capacity by clearance space at high pressures, it is important that 
compound air cylinders should be used for furnishing air at high pressure.  With 
compound air cylinders the air is compressed to alternate stages of pressure in the 
different cylinders, and the clearance loss is thus reduced because of the reduced 
density of the air in the clearance spaces.  In ordinary practice air compressors deliver 
the air at less than 100 pounds pressure, so that with a properly designed air cylinder 
the clearance space is so small that the capacity of the compressor is not materially 
affected.

Two systems are in use by which the heat of compression is absorbed, and the 
difference between one and the other is so distinct that air compressors are usually 
divided into two classes (1) wet compressors, (2) dry compressors.

A wet compressor is that which introduces water directly into the air cylinder during 
compression.

A dry compressor is that which introduces no water into the air during compression.

Wet compressors may be subdivided into two classes.

(1) Those which inject water in the form of a spray into the cylinder during compression.

(2) Those which use a water piston for forcing the air into confinement.

The injection of water into the cylinder is usually known as the Colladon idea.  
Compressors built on this system have shown the highest isothermal results, that is, by 
means of a finely divided spray of cold water the heat of compression has been 
absorbed to a point where the compressed air has been discharged at a temperature 
nearly equal to that at which it was admitted to the cylinder.  The advantages of water 
injection during compression are as follows: 

(1) Low temperature of air during compression.

(2) Increased volume of air per stroke, due to filling of clearance spaces with water and 
to a cold air cylinder.

(3) Low temperature of air immediately after compression, thus condensing moisture in 
the air receiver.

(4) Low temperature of cylinder and valves, thus maintaining packing, etc.

(5) Economical results, due to compression of moist air (see table 3).
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TABLE 3.—SHOWING THE RELATIVE QUANTITY OF WORK REQUIRED TO 
COMPRESS A GIVEN VOLUME AND WEIGHT OF AIR, BOTH DRY AND MOIST—-
ALSO RELATIVE VOLUMES WITH AND WITHOUT INCREASE OF TEMPERATURE 
FROM COMPRESSION.

_______________________________________________________
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_______________________________________________________
________________________________
|                 |                                   |
|Co m p r e s sion  a t   |Co m p r e s sion                        |
| a  Cons t a n t       | wi th                               |
|Te m p e r a t u r e .     | I nc r e a s e  of                       |
| M a rio t t e’s Law. |Te m p e r a t u r e .                       |
__|________________|__________________________________|_____
___________________________
|      |      |     |      |      |     |      |      |      |     |      |      |    |      |
1 | 0 .1   |      |     |      |      |     |  2 0   |  6 8   | 1 .0   |     |      |  6 8   |    |      |
2 | 0 .5   |  7 1 9 9 | 1 4 6 8 | 0.61 2 |  7 9 3 2 | 1 6 1 8 |  8 5.5 | 1 8 6   | 1 . 22 2 |  7 3 3 | 0.0 92 | 1 1 1   | 3 .0 |
2 3 5 0 0 | 2 2 5 0 0
3 | 0.3 3 3 | 1 1 3 5 6 | 2 3 1 6 | 0.45 9 | 1 3 3 6 0 | 2 7 2 5 | 1 3 0.4 | 2 6 7   | 1 . 37 5 | 2 0 0 4 | 0.1 50 | 1 3 5.5 |
4 .0 | 3 7 0 0 0 | 3 5 0 0 0
4 | 0.2 5  | 1 4 2 6 0 | 2 9 0 9 | 0 .37 4 | 1 7 7 3 7 | 3 6 1 8 | 1 6 5.6 | 3 3 0   | 1 .4 9 5 | 3 4 7 7 | 0.19 6 | 1 5 3.5 |
4 .8 | 4 8 5 0 0 | 4 5 0 0 0
5 | 0.2 0 0 | 1 6 5 8 0 | 3 3 8 3 | 0.32 0 | 2 1 2 0 9 | 4 3 2 6 | 1 9 5.3 | 3 8 4   | 1 . 59 5 | 4 6 2 9 | 0.2 13 | 1 6 7   |
5 . 4 | 5 8 5 0 0 | 5 2 5 0 0
6 | 0.1 6 7 | 1 8 4 7 5 | 3 7 6 8 | 0.28 1 | 2 4 3 1 0 | 4 9 5 9 | 2 2 0.5 | 4 2 9   | 1 . 68 1 | 5 8 3 5 | 0.2 40 | 1 7 9   |
6 . 0 | 6 7 0 0 0 | 6 0 0 0 0
7 | 0.1 4 3 | 2 0 0 3 8 | 4 0 8 7 | 0.25 2 | 2 7 0 4 8 | 5 5 1 7 | 2 4 3.2 | 4 7 0   | 1 . 75 8 | 7 0 4 0 | 0.2 60 | 1 9 0   |
6 . 4 | 7 5 0 0 0 | 6 6 0 0 0
8 | 0.1 2 5 | 2 1 4 2 2 | 4 3 7 0 | 0.22 9 | 2 9 5 1 8 | 6 0 2 1 | 2 6 3.6 | 5 0 6.5 | 1 .82 8 | 8 0 9 6 | 0
.274 |      |    |      |
9 | 0 .1 1 1 |      |     | 0 . 21 0 |      |     | 2 8 2   | 5 3 9.6 | 1 .89 1 |     |      |      |    |      |
1 0 | 0 .10 0 |      |     | 0 .19 5 |      |     | 2 9 9   | 5 7 0.2 | 1 .95 0 |     |      |      |    |      |
____________________________________________________________
___________________________
|      |      |     |      |      |     |      |      |      |     |      |      |    |      |
1 |   2   |   3   |   4  |   5   |   6   |   7  |   8   |   9   |  1 0   |  1 1  |   1 2  |   1 3  |  1 4 |   1 5  |   1 6
__|_____|_____|____|_____|_____|____|_____|_____|_____|____|
_____|_____|___|_____|_____

Colu m n   H e a ding
1        Tension  in Atmos p h e r e s.
2        Volu m e.
3        Work of Co m p r e s sion.   Cu bic  M e t e r s  in Kilog r a m-m e t e r s .
4        Work of Co m p r e s sion.   Cu bic  Fe e t  in Foot  Pou n d s.
5        Volu m e.
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6        Work of Co m p r e s sion.  (Dry.) Cubic  M e t e r s  in  Kilog r a m-m e t e r s.
7        Work of Co m p r e s sion.  (Dry.) Cubic  Fe e t  in  Foot  Poun d s.   De d uc e d  fro m
6.
8        Temp e r a t u r e s .  (Dry.) Ce n t .
9        Temp e r a t u r e s .  (Dry.) Fa h.
1 0       R a tio of Gr e a t e r  to  Less  Temp e r a t u r e .   Absolu t e.
1 1       Loss  of Work in Co m p r e s sin g  on e  Cubic  M e t e r  in  Kilog r a m-m e t e r s .  
By Inc r e a s e  of Tem p e r a t u r e  alon e.
1 2       Pe rc e n t a g e  of Work of Co m p r e s sion  Conve r t e d  in to H e a t  a n d  Los t.  
By Inc r e a s e  of Tem p e r a t u r e  alon e.
1 3       Fin al  Tem p e r a t u r e  if Wat e r  is u s e d  in Co m p r e s sion.   Fah.
1 4       Pe rc e n t a g e  of Wate r  to  Air Re q ui r e d.
1 5       Foot  Poun ds  to  Co m p r e s s  On e  Poun d  Air.  Dry.
1 6       Foot  Poun ds  to  Co m p r e s s  On e  Poun d  Air.  With  s ufficien t  Mois t u r e .

The  firs t  a dv a n t a g e  is by  fa r  t h e  m o s t  impo r t a n t  on e,
a n d  is r e ally t h e  only exc us e  for  w a t e r  injec tion
in ai r  co m p r e s so r s.   We h av e  s e e n  (t a bl e  3)  t h a t
t h e  p e r c e n t a g e  of wo rk  of co m p r e s sion  w hic h  is conve r t e d
in to  h e a t  a n d  loss  w h e n  no  cooling  sys t e m  is u s e d
is a s  follows: 
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Co m p r e s sing  to  2  a t m os p h e r e s  los s   9 .2  p e r  c e n t .
   "         " 3      "        "   1 5.0
 "   "
   "         " 4      "        "   1 9.6
 "   "
   "         " 5      "        "   2 1.3
 "   "
   "         " 6      "        "   2 4.0
 "   "
   "         " 7      "        "   2 6.0
 "   "
   "         " 8      "        "   2 7.4
 "   "

We s e e  t h a t  in co m p r e s sin g  ai r  to  five a t m os p h e r e s,
w hich  is t h e  u s u al  p r a c tice,  t h e  h e a t  loss  is 2 1.3
p e r  c e n t .,  so  t h a t  if w e  ke e p  do w n  t h e  t e m p e r a t u r e
of t h e  ai r  d u ring  co m p r e s sion  to  t h e  iso t h e r m al line,
w e  s ave  t his  los s.   The  b e s t  p r a c tice  in Ame rica
h a s  b ro u g h t  t his  h e a t  los s  do w n  to  3.6  p e r  c e n t .  (old
Ing e r soll Injec tion  Air Co m p r e s so r), w hile  in Eu ro p e
t h e  h e a t  los s  h a s  b e e n  r e d u c e d  to  1.6  p e r  ce n t .  
S t e a m-d rive n  ai r  co m p r e s so r s  a r e  u s u ally r u n  a t  a
pis ton  s p e e d  of a bo u t  3 5 0  fee t  p e r  min u t e ,  o r  fro m
6 0-8 0  r evolu tions  p e r  min u t e  of co m p r e s so r s  of ave r a g e
size s,  s ay 1 8” dia m e t e r  of cylind er.  Sixty
r evolu tions  p e r  min u t e  is e q u al  to  1 2 0  s t rok e s,  o r
t wo  s t rok es  p e r  s econ d.   An ai r  cylind e r  1 8”
in di a m e t e r  filled  wi th  fre e  ai r  onc e  eve ry h alf s eco n d,
a n d  a t  e ac h  s t roke  co m p r e s sing  t h e  ai r  to  6 0  po u n d s,
a n d  t h e r e by p ro d ucing  3 0 9  d e g r e e s  of h e a t ,  is t h u s ,
by  m e a n s  of w a t e r  injec tion,  cooled  to  a n  ex t e n t  h a r dly
pos sible  wit h  m e r e  s u rf ac e  con t a c t .   The  s p e cific
h e a t  of w a t e r  b ein g  a bo u t  fou r  tim e s  t h a t  of air,
it  r e a dily t ak es  u p  t h e  h e a t  of co m p r e s sion.

A p rop e rly d e sign e d  s p r ay  sys t e m  m u s t  no t  b e  co nfus e d
wi th  t h e  n u m e ro u s  d evices  a p plied  to  ai r  cylind e r s ,
by  m e a n s  of w hich  w a t e r  is in t rod uc e d.   In  so m e
c a s e s  t h e  w a t e r  is m e r ely d r a w n  in t h ro u g h  t h e  inle t
valves.   In  o t h e r s  it p a s s e s  t h ro u g h  t h e  c e n t e r
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of t h e  pis ton  a n d  ro d,  co ming  in con t a c t  wi th  t h e
in t e rio r  w alls  of t h e  ai r  cylind e r  b e t w e e n  t h e  p a cking
rings .   In t rod ucing  w a t e r  in to  t h e  ai r  cylind e r
in any  o th er  w ay, e xc e p t  in t h e  for m  of  a  s pray,
has  b u t  li t tle  e f f ec t  in cooling  t h e  air d uring  co m pr e s sion.
On t h e  con t r a ry, it  is a  m o s t  fallacious  sys t e m,  b e c a u s e
it  in t rod uc e s  all t h e  dis a dva n t a g e s  of w a t e r  injec tion
wi tho u t  it s  iso t h e r m al influe nc e.   Wat er, by  m e r e
s u rfac e  con t ac t  wi th  air, t ak e s  u p  b u t  lit tle  h e a t ,
w hile  t h e  air, h aving  a  ch a n c e  to  inc r e a s e  it s  t e m p e r a t u r e ,
a b so r b s  w a t e r  t h ro u g h  t h e  affini ty of ai r  for  m ois t u r e ,
a n d  t h u s  c a r ri es  ove r  a  volu m e  of s a t u r a t e d  ho t  ai r
in to  t h e  r e c eive r  a n d  pip e s,  w hich  on  cooling,  a s
it  a lw ays  do e s  in  t r a n si t  to  t h e  min e,  d e posi t s  its
m ois t u r e  a n d  gives  t ro u ble  t h ro u g h  w a t e r  a n d  fre ezing.  
I t  is, t h e r efo r e,  of m u c h  impor t a n c e  to  b e a r  in min d
t h a t  u nle s s  w a t e r  c a n  b e  in t rod u c e d  d uring  co m pr e s sion
to  s uc h  a n  ex t e n t  a s  to  k e e p  do w n  t h e  t e m p era t ur e
of  t h e  air in  t h e  cylind er , it  h a d  b e t t e r  no t  b e
in t rod u c e d  a t  all.

If too  lit tle  w a t e r  is in t rod u c e d  in to  a n  ai r  cylind e r
d u ring  co m p r e s sion,  t h e  r e s ul t  is w a r m,  m ois t  air,
a n d  if too  m u c h  w a t e r  is u s e d,  it  r e s ul t s  in a  s u r plu s
of pow e r  r e q ui r e d  to  m ove  a  body of w a t e r  w hic h  r e n d e r s
no  u s eful s e rvice.   The  following  t a bl e  d e d u c e d
fro m  Zah n e r’s for m ula  gives  t h e  q u a n ti ty of
w a t e r  w hich  s ho uld  b e  injec t e d  p e r  c u bic  foot  of ai r
co m p r e s s e d  in o r d e r  to  ke e p  t h e  t e m p e r a t u r e  dow n  to
1 0 4  d e g r e e s  Fa h.
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_______________________________________________________
__________________
|                  |                   |
|                  |Weigh t  of w a t e r    |Weigh t  of w a t e r
|                  | t o  b e  injec t e d  a t  | t o  b e  injec t e d  a t
| H e a t  u ni t s  d evel-| 6 8  d e g.   Fa h.  to  ke e p   | 6 8  d e g.   Fah.  to  ke e p
Co m p r e s sion     | o p e d  in 1  lb.    | t h e  t e m p e r a t u r e  a t | t h e  t e m p e r a t u r e  a t
by  a t mo s p h e r e   | f r e e  ai r  by       | 1 0 4  d e g.   Fa h.  in lbs.  | 1 0 4  d e g.   Fa h.  in lbs.  
of
a bove  a  volu m e. | co m p r e s sion.      | of w a t e r  a n d  p e r   | w a t e r  for  1  c u bic
|                  | l b.  of fr e e  air.  |foo t  of fr e e  air.
_______________|_________________|__________________|_______
_____________
|                  |                   |
2        |         3 .70 2     |         0 . 73 4      |         0 .05 6
3        |         5 .86 7     |         1 . 66 4      |         0 .08 9
4        |         7 .40 6     |         1 . 46 9      |         0 .11 3
5        |         8 .59 8     |         1 . 70 1      |         0 .13 1
6        |         9 .57 0     |         1 . 89 1      |         0 .14 5
7        |        1 0.39 8     |         2 .06 3      |         0 .15 8
8        |        1 1.10 9     |         2 .20 4      |         0 .16 7
9        |        1 1.74 0     |         2 .32 9      |         0 .17 9
1 0        |        1 2.3 0 1     |         2 .4 40      |         0 .1 8 8
1 1        |        1 2.8 1 3     |         2 .5 42      |         0 .1 9 5
1 2        |        1 3.2 7 8     |         2 .6 34      |         0 .2 0 2
1 3        |        1 3.7 0 6     |         2 .7 19      |         0 .2 0 9
1 4        |        1 4.1 0 2     |         2 .7 98      |         0 .2 1 5
1 5        |        1 4.4 7 1     |         2 .8 71      |         0 .2 2 3
_______________|_________________|__________________|_______
_____________

Objec tions  to  w a t e r  injec tion  a r e  a s  follows: 

(1) Im p u ri ti e s  in  t h e  w a t er, w hich,  t h ro u g h  bo t h  m e c h a nic al
a n d  c h e mical a c tion,  d e s t roy expos e d  m e t allic s u rfac es .

(2) Wea r  of cylind er, pi s ton  a n d  o t h e r  p a r t s ,  d u e
di r e c tly to  t h e  fac t  t h a t  w a t e r  is a  b a d  lub ric a n t ,
a n d  a s  t h e  d e n si ty of w a t e r  is g r e a t e r  t h a n  t h a t  of
oil, t h e  la t t e r  floa t s  on  t h e  w a t e r  a n d  h a s  no  ch a nc e
to  lub rica t e  t h e  m oving  p a r t s .
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(3) Wet ai r  a ri sing  fro m  insufficie n t  q u a n ti ty of
w a t e r  a n d  fro m  inefficien t  m e a n s  of ejec tion.

(4) M ec h a nic al co m plica tions  con n e c t e d  wi th  t h e  w a t e r
p u m p,  a n d  t h e  difficul ti es  in t h e  w ay of p ropo r tioning
t h e  volu m e  of w a t e r  a n d  it s  t e m p e r a t u r e  to  t h e  volu m e,
t e m p e r a t u r e  a n d  p r e s s u r e  of t h e  air.

(5) Loss  of pow e r  r e q ui r e d  to  ove rco m e  t h e  ine r ti a
of t h e  w a t er.

(6) Limit a tions  to  t h e  s p e e d  of t h e  co m p r e s sor, b e c a u s e
of t h e  liabili ty to  b r e ak  t h e  cylind e r  h e a d  join t
by  w a t e r  confine d  in  t h e  cle a r a n c e  s p ac e s .

(7) Absor p tion  of ai r  by w a t er.

Befor e  t h e  in t rod uc tion  of con d e n sin g  ai r  r e c eive r s ,
w e t  ai r  r e s ul ting  in fr e ezing  w a s  conside r e d  t h e  m o s t
s e rious  obs t a cle  to  w a t e r  injec tion; b u t  t his  difficul ty
no  long e r  exis t s,  a s  exp e ri e nc e  h a s  conclusively d e m o n s t r a t e d
t h a t  a  la r g e  p a r t  of t h e  m ois t u r e  in co m p r e s s e d  ai r
m ay b e  a b s t r a c t e d  in t h e  ai r  r e c eiver.  Eve n  in
t h e  so-c alled  d ry  co m p r e s so r s  a  g r e a t  d e al  of m ois tu r e
is c a r rie d  ove r  wi th  t h e  co m p r e s s e d  air, b ec a u s e  t h e
a t m os p h e r e  is n eve r  fre e  fro m  m ois t u r e .   This s u bjec t
will b e  r efe r r e d  to  m o r e  fully w h e n  t r e a ting  of t h e
t r a n s mission  of co m p r e s s e d  air.
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By fa r  t h e  m o s t  s e rious  obs t acl e  to  w a t e r  injec tion,
a n d  t h a t  w hich  con d e m n s  t h e  w e t  co m p r e s sor, is t h e
influe nc e  of t h e  injec t e d  w a t e r  u po n  t h e  ai r  cylind e r
a n d  p a r t s .   Eve n  w h e n  p u r e  w a t e r  is u s e d,  t h e  cylind e r s
w e a r  to  s uc h  a n  ex t e n t  a s  to  p ro d uc e  le ak a g e  a n d  to
r e q ui r e  r e bo ring.   The  limit a tion  to  t h e  s p e e d
of a  co m p r e s so r  is al so  a n  impor t a n t  objec tion.  
The  claim  m a d e  by so m e  t h a t  t h e  injec t e d  w a t e r  do e s
no t  fill t h e  cle a r a n c e  s p a c e s,  b u t  is a e r a t e d,  do es
no t  hold  good,  exce p t  wi th  a n  inefficien t  injec tion
sys t e m.   The  w ri t e r  h a s  inc r e a s e d  t h e  s p e e d  of
a n  ai r  co m p r e s so r  (cylind e r s  1 2  in. a n d  1 2  in. by
1 8  in., injec tion  ai r  cylind e r)  t e n  r evolu tions  p e r
min u t e  by pl acing  his  fing e r s  ove r  t h e  o rifice  of
t h e  s uc tion  pip e  of t h e  w a t e r  p u m p.   The  boile r
p r e s s u r e  r e m ain e d  t h e  s a m e,  t h e  c u t-off w a s  no t  c h a n g e d
a n d  t h e  ai r  p r e s s u r e  w a s  u nifor m,  h e n c e  t his  inc r e a s e
of s p e e d  a ro s e  fro m  t h e  fac t  t h a t  t h e  w a t e r  w a s  r e s t ric t e d
a n d  t h e  cle a r a n c e  s p ac es  w e r e  filled  wi th  co m p r e s s e d
air, w hich  s e rve d  a s  a  c us hion  o r  s p ring.   While
t h e  volu m e  of co m p r e s s e d  ai r  fu r nis h e d  by t his  co m p r e s so r
wo uld  b e  so m e w h a t  r e d u c e d  by t h e  r e s t ric tion  of t h e
w a t er, ye t  t h e  inc r e a s e  in s p e e d  w hich  w a s  ob t ain e d
wi tho u t  a ny inc r e a s e  of pow e r  fully co m p e n s a t e d  for
t h e  cle a r a nc e  loss.

Mr. John  Da rling to n,  of E n gla n d,  gives  t h e  following
p a r t icul a r s  of a  m o d e r n  ai r  co m p r e s so r  of E u rop e a n
typ e:  

“Engine ,  t wo  ve r tical cylind e r s ,  s t e a m  jacke t e d ,
wi th  M eye r’s exp a n sion  g e ar.  Cylind e r s ,
1 6 .9  inc h e s  di a m e t er, s t rok e  3 9.4  inch e s;  co m p r e s sor,
t wo  cylind e r s,  di a m e t e r  of pis ton,  2 3.0  inch e s;  s t rok e
3 9.4  inc h e s;  r evolu tions  p e r  min u t e ,  3 0  to  4 0;  pis ton
s p e e d  3 9  to  5 2  inch e s  p e r  s eco n d,  c a p a ci ty of cylind e r
p e r  r evolu tion,  2 0  c u bic  fee t:   di a m e t e r  of valves,
vi z ., fou r  inle t  a n d  fou r  ou tl e t ,  5 1/2  inch e s;
w eig h t  of e a c h  inle t  valve,  8  lb.; ou tle t ,  1 0  lb.;
p r e s s u r e  of air, 4  to  5  a t m os p h e r e s .   The  di ag r a m s
t ak e n  of t h e  e n gin e  a n d  co m p r e s so r  s how  t h a t  t h e  wo rk
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exp e n d e d  in co m p r e s sing  on e  cu bic  m e t e r  of ai r  to  4.2 1
effec tive  a t m os p h e r e s  w a s  3 8,1 28  lb.  Accor din g
to  Boyle  a n d  M a rio t t e’s law it  would  b e  3 7,53 4
lb., t h e  diffe r e n c e  b eing  5 9 4  lb., o r  a  loss  of 1 .6
p e r  c e n t .   Or  if co m p r e s s e d  wi tho u t  a b s t r a c tion
of h e a t ,  t h e  wo rk  exp e n d e d  wo uld  in t h a t  c a s e  h av e
b e e n  4 8,1 58.   The  volu m e  of ai r  co m p r e s s e d  p e r
r evolu tion  w a s  0.56 5 4  c u bic  m e t er.  For  ob t aining
t his  m e a s u r e  of co m p r e s s e d  air, t h e  wo rk  exp e n d e d
w a s  2 1,55 7  po u n d s.   The  wo rk  do n e  in t h e  s t e a m
cylind e r s,  fro m  indic a to r  di a g r a m s,  is s how n  to  h ave
b e e n  2 5,2 05  po u n d s,  t h e  u s eful effec t  b ein g  8 5 1/2
p e r  c e n t .  of t h e  pow e r  exp e n d e d.   The  t e m p e r a t u r e
of ai r  on  e n t e rin g  t h e  cylind e r  w a s  5 0  d e g r e e s  Fa h.,
on  le aving  6 2  d e g r e e s  Fah., o r  a n  inc r e a s e  of 1 2  d e g r e e s
Fa h.   Withou t  t h e  w a t e r  jacke t  a n d  w a t e r  injec tion
for  cooling  t h e  t e m p e r a t u r e  it wo uld  h ave  b e e n  3 0 2
d e g r e e s  Fah.   The  w a t e r  injec t e d  in to  t h e  cylind e r s
p e r  r evolu tion  w a s  0.8 1  g allon.”

We h ave  in  t h e  for e going  a  r e m a rk a ble  iso th e r m al r e s ul t .  
The  h e a t  of co m p r e s sion  is so  t ho rou g hly a b so r b e d
t h a t  t h e  t h e r m al loss  is only 1.6  p e r  ce n t .; b u t  t h e
loss  b y  fric tion  of  t h e  e n gin e  is 1 4.5  p e r  c e n t .,
a n d  t h e  n e t  e cono my of t h e  w hole  sys t e m  is no  g r e a t e r
t h a n  t h a t  of t h e  b e s t  Americ a n  d ry  co m p r e s sor, w hich
los es  a bo u t  on e-h alf t h e  t h eo r e tic al loss  d u e  to  h e a t
of co m p r e s sion,  b u t  w hich  m a k e s  u p  t h e  diffe r e nc e  by
a  low fric tion  loss.
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The  w e t  co m p r e s so r  of t h e  s e con d  cl as s  is t h e  w a t e r
pis ton  co m p r e s sor, Fig.  1 8.

[Illus t r a tion:  FIG. 1 8.—HYDRAULIC
AIR COMPRESSOR.]

The  illus t r a tion  s how s  t h e  g e n e r al  typ e  of t his  co m p r e s sor,
t hou g h  it h a s  b e e n  s u bjec t  to  m u c h  m o difica tion  in
diffe r e n t  pl ac es .   In  Ame rica,  a  plun g e r  is u s e d
ins t e a d  of a  pis ton,  a n d  a s  it  alw ays  m oves  in w a t e r
t h e  r e s ul t  is m o r e  s a ti sfac to ry.  The  pis ton,
o r  plu n g er, m ove s  ho rizon t ally in t h e  low e r  p a r t  of
a  U  s h a p e d  cylind er.  Wate r  a t  a ll t im e s  s u r ro u n d s
t h e  pis ton,  a n d  fills al t e r n a t ely t h e  u p p e r  c h a m b e r s.  
The  fr e e  ai r  is a d mi t t e d  t h ro u g h  a  valve  on  t h e  sid e
of e a c h  colu m n  a n d  is disch a r g e d  t h ro u g h  t h e  top.  
The  m ove m e n t  of t h e  pi s ton  c a u s e s  t h e  w a t e r  to  r i s e
on  on e  side  a n d  fall on  t h e  o t h er.  As t h e  w a t e r
falls  t h e  s p a c e  is occu pie d  by  fre e  air, w hich  is
co m p r e s s e d  w h e n  t h e  m o tion  of t h e  pi s ton  is r eve r s e d,
a n d  t h e  w a t e r  colu m n  r ai s e d.   The  disc h a r g e  valve
is so  p ro po r tion e d  t h a t  so m e  of t h e  w a t e r  is c a r rie d
ou t  af t e r  t h e  ai r  h a s  b e e n  disc h a r g e d.   H e n c e
t h e r e  a r e  no  cle a r a nc e  loss e s.

This  hyd r a ulic  co m p r e s so r  s e e m s  to  h ave  a  c e r t ain
c h a r m  a bo u t  it,  w hic h  h a s  r e s ul t e d  in i ts  a do p tion
in Ge r m a ny, F r a nc e  a n d  Belgiu m,  a n d  by on e  of t h e
la rg e s t  mi n e s  in t h e  U ni t e d  S t a t e s .   I t s  a dv a n t a g e s
a r e  p ur ely  t h eore tical , a n d  wi t ho u t  c e r t ain
a djunc t s  w hich  h av e  b e e n  in so m e  c a s e s  a p plied  to
it, ev e n  t h e  t h eory  is a  ve ry b a d  on e.

The  chief claim  for  t hi s  w a t e r  pis to n  co m p r e s so r  is
t h a t  it s  pis ton  is also  i ts  cooling  d evice,  a n d  t h a t
t h e  h e a t  of co m p r e s sion  is a b s o r b e d  by t h e  w a t er. 
So  m u c h  confide nc e  s e e m s  to  b e  pl ac e d  in t h e  iso th e r m al
fea t u r e s  of t his  m a c hin e  t h a t  u s u ally no  w a t e r  jacke t
o r  s p r ay  p u m p  is a p plied.   Mr. Da rling ton,  w ho
is on e  of t h e  s t a nc h  d efe n d e r s  of t his  cla s s  of co m p r e s so r s,
h a s  foun d  it  n e c e s s a ry to  int rod uc e  “sp r ay je t s
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of w a t e r  im m e dia t ely u n d e r  t h e  ou tle t  valves,”
t h e  objec t  of w hich  is to  a b so r b  a  la r g e r  a m o u n t  of
h e a t  t h a n  would  o t h e r wis e  b e  effec t e d  by  t h e  sim ple
con t ac t  of t h e  ai r  wi t h  t h e  w a t e r-co m p r e s sing  colu m n.  
Withou t  s uc h  s p r ay  con n ec tions,  it  is s afe  to  s ay
t h a t  t hi s  co m p r e s so r  h a s  sc a r c ely a ny cooling  a dva n t a g e s
a t  all, so  fa r  a s  ai r  cooling  is conc e r n e d.   Wat e r
is no t  a  good  co n d uc to r  of h e a t .   In  t his  c a s e
only on e  sid e  of a  la r g e  bo dy of ai r  is expos e d  to
a  w a t e r  s u rfac e,  a n d  a s  w a t e r  is a  b a d  co n d uc tor,
t h e  r e s ul t  is t h a t  a  t hin  film of w a t e r  g e t s  ho t  in
t h e  e a rly s t a g e  of t h e  s t roke  a n d  lit tl e  o r  no  cooling
t ak e s  plac e  t h e r e af t er.  The  co m p r e s s e d  ai r  is
do u b tl e s s  cooled  b efo re  it g e t s  ev e n  a s  fa r  a s  t h e
r e c eiver, b e c a u s e  so  m u c h  w a t e r  is t u m ble d  ove r  in to
t h e  pip e s  wi th  it, b u t  to  p ro d uc e  e cono mical r e s ul t s
t h e  cooling  s ho uld  t ak e  pl ac e  d uring  co m pr e s sion .

Wate r  a n d  c a s t  iron  h av e  a bo u t  t h e  s a m e  r ela tive  c a p a ci ty
for  h e a t  a t  e q u al  volu m e s.   In  t his  w a t e r  pis ton
co m p r e s so r  w e  h ave  only on e  cooling  s u rf ac e ,  w hich
soon  g e t s  ho t ,  w hile  wi th  a  d ry co m p r e s sor, wi th  w a t e r
jacke t e d  cylind e r s  a n d  h e a d s ,  t h e r e  a r e  s eve r al cold
m e t allic s u rf ac e s  expos e d  on  on e  side  to  t h e  h e a t
of co m p r e s sion,  a n d  on  t h e  o th e r  to  a  m oving  body
of cold  w a t er.
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But  t h e  w a t e r  pis ton  fr a t e r ni ty p ro m p tly b rin gs  forw a r d
t h e  q u e s tion  of s p e e d.   They s ay  t h a t ,  a d mi t ting
t h a t  t h e  cooling  s u rfac e s  a r e  e q u al, w e  h ave  in on e
c a s e  m or e  ti m e  to  a b so r b  t h e  h e a t  t h a n  in t h e
o th er.  This  is t r u e ,  a n d  h e r e  w e  co m e  to  a n  impo r t a n t
cla s s  division  in  ai r  co m p r e s sin g  m a c hin e ry—hig h
s p e e d  an d  s hor t  s tro k e  a s  a g ain s t  slo w  s p e e d
and  long  s tro k e .  Hyd r a ulic pi s ton  co m p r e s so rs
a r e  s u bjec t  to  t h e  laws  t h a t  gove r n  pis ton  p u m p s,
a n d  a r e ,  t h e r efo r e,  limit e d  to  a  pis ton  s p e e d  of a bo u t
1 0 0  fee t  p e r  mi n u t e.   I t  is q ui t e  ou t  of t h e  q u e s tion
to  r u n  t h e m  a t  m u c h  hig h e r  s p e e d  t h a n  t his  wi thou t
s hock to  t h e  e n gin e  a n d  fluc t u a tions  of ai r  p r e s s u r e
d u e  to  a gi t a tion  of t h e  w a t e r  pis ton.   The  q u a n ti ty
of h e a t  p ro d uc e d,  t h a t  is, t h e  d e g r e e  of t e m p e r a t u r e
r e a c h e d,  d e p e n d s  e n ti r ely u po n  t h e  co n di tions  in  t h e
ai r  it s elf, a s  to  d e n si ty, t e m p e r a t u r e  a n d  m ois t u r e ,
a n d  is e n ti r ely ind e p e n d e n t  of s p e e d.   We h av e
s e e n  t h a t  it is possible  to  lose  2 1.3  p e r  c e n t .  of
wo rk  w h e n  co m p r e s sing  ai r  to  five  a t mo s p h e r e s  wi thou t
a ny cooling  a r r a n g e m e n t s .   With  t h e  b e s t  co m p r e s so r s
of t h e  d ry  sys t e m  on e-h alf of t his  loss  is s ave d  by
w a t e r  jacke t  a b so r p tion,  so  t h a t  w e  a r e  left  wi t h
a bo u t  1 1  p e r  c e n t .,  w hich  t h e  slow m oving  co m p r e s so r
s e e ks  to  e r a s e .   We a r e  q ui t e  s afe  in s aying  t h a t
t h e  el e m e n t  of ti m e  alon e  in  t h e  s t rok e  of a n
ai r  co m p r e s so r  could  no t  possibly effec t  a  s aving
of m o r e  t h a n  h alf of t his , o r  5 1/2  p e r  c e n t .  
N ow, in o r d e r  to  g e t  t his  5 1/2  p e r  c e n t .  s aving, w e
r e d u c e  t h e  s p e e d  of a n  ai r-co m p r e s sing  e n gin e  fro m
3 5 0  fee t  p e r  mi n u t e  to  1 0 0  fee t  p e r  min u t e.   We
m u s t ,  t h e r efo r e,  in on e  c a s e  h ave  a  pis ton  a r e a  t hr e e
and  on e-half  tim e s  t h a t  of t h e  o th e r  in o r d e r
to  g e t  t h e  sa m e  capacity  of  air , a n d  in doing
t his  w e  b uild  a n  e n gin e  of e no r m o u s  p ro po r tions  wi t h
h e avy m oving  p a r t s .   We loa d  it dow n  with  a  la rg e
m a s s  of w a t er, w hic h  it  m u s t  m ove  b a ck  a n d  for t h  d u rin g
its  work,  a n d  t h u s  w e  p ro d u c e  a  p e r c e n t a g e  of fric tion
loss  alon e  e q u al  to  t wice  o r  ev e n  t h r e e  tim e s  t h e
5 1/2  p e r  c e n t .  h e a t  loss  w hich  is r e s po nsible  for  all
t his  exp e ns e  in fir s t  cos t  a n d  in m ai n t e n a n c e,  b u t
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w hich  r e ally is no t  s ave d  af t e r  all u nle s s  w a t e r  injec tion
in t h e  for m  of s p r ay  al so  for m s  a  p a r t  of t h e  sys t e m.

It  is obvious  t h a t  cos t  of cons t r uc tion  a n d  m ain t e n a n c e
h ave  m u c h  to  do  wi th  t h e  co m m e r cial value  of a n  ai r
co m p r e s sor.  The  hyd r a ulic pis ton  m a c hin e  no t
only cos t s  a  g r e a t  d e al  m o r e  in p ro po r tion  to  t h e  po w e r
it  p rod uc e s,  b u t  it  cos t s  m o r e  to  m ain t ain  it, a n d
it  cos t s  m o r e  to  r u n  it.  I t  is no t  a n  u n co m mo n
t hin g  to  h e a r  e n gin e e r s  s p e a k  of t h e  hyd r a ulic  pis ton
co m p r e s so r  a s  t h e  “mos t  e co no mic al” m a c hin e
for  t h e  p u r pos e,  b u t  t h a t  it is so  “expe n sive”
a n d  t ak e s  u p  so  m u c h  roo m,  a n d  r e q ui r e s  s uc h  exp e n sive
foun d a tions  t h a t ,  u nl e s s  p e r so ns  a r e  “willing
to  s p e n d  so  m u c h  m o n ey,” t h ey h a d  b e t t e r  t ak e
t h e  n ex t  b e s t  t hin g,  a  hig h  s p e e d  m a c hin e .   We
h e a r  of “m a g nifice n t  ai r-co m p r e s sin g  e n gin e s,
t h e  la r g e s t  in  t h e  cou n t ry,” a n d  pilg ri m a g e s
a r e  m a d e  to  s e e  t h e s e  a r tificial wo n d e r s  w h e n,  no t
u nlike  t h e  old  py r a mids ,  t h ey  r e p r e s e n t  a  pile  of ine r t
m a t t e r—a  m o n u m e n t  to  m o n eye d  kings.
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The  hyd r a ulic  pis ton  co m p r e s so r  h a s  on e  soli t a ry a dv a n t a g e ,
a n d  t h a t  is, it  h a s  no  d e a d  s p a c e s.   I t  w a s  conc eived
a t  a  ti m e  w h e n  d e a d  s p a c e s  w e r e  ve ry s e rious  con di tions—w e r e
posi tive  s p e c t e r s!   Valves  a n d  o th e r  m e c h a nis m
con n e c t e d  wi th  t h e  cylind e r  of a n  ai r  co m p r e s so r  w e r e
onc e  of s uc h  c r u d e  cons t r uc tion  t h a t  it  w a s  impossible
to  r e d u c e  t h e  cle a r a n c e  s p a c e s  to  a  r e a son a ble  poin t,
a n d,  fu r t h e r m o r e ,  t h e  valves  w e r e  h e avy a n d  so  co m plica t e d
t h a t  a ny t hing  like  a  high  s p e e d  wo uld  ei t h e r  b r e a k
t h e m  o r  w e a r  t h e m  ou t  r a pidly, o r  d e r a n g e  t h e m  so  t h a t
leak a g e s  would  occ ur.  Bu t  w e  h ave  no w  r e d u c e d
inle t  a n d  di sch a r g e  valves  a n d  all o t h e r  m oving  p a r t s
con n e c t e d  wi th  a n  ai r  cylind e r  to  a  poin t  of ex t r e m e
si m plici ty.  Clea r a n c e  s p ac e  is in so m e  c a s e s  d e s t royed
al tog e t h e r  by w h a t  is,  a s  i t w e r e ,  a n  el a s tic  ai r
h e a d  w hich  is b ro u g h t  in to  di r ec t  con t a c t  wi t h  t h e
pis ton.   All t his  r e d uc e s  cle a r a n c e  to  so  s m all
a  poin t  t h a t  it h a s  no  influe nc e  of a ny cons e q u e nc e.  
The  m oving  p a r t s  a r e  m a d e  ex t r e m ely sim ple,  eve n  a r riving
a t  a  poin t  w h e r e  inle t  valves  a r e  op e n e d  a n d  close d
by t h ei r  n a t u r al  ine r ti a.   Mr. S t u r g e o n,  of E n gla n d,
h a s  a p plie d  a  m o s t  ing e nious  a n d  s ucc es sful inle t
valve,  w hich  is op e n e d  a n d  clos e d  by t h e  fric tion
of t h e  ai r  pi s ton  rod  t h ro u g h  t h e  gla n d.   We h ave,
t h e r efo r e ,  r e a c h e d  a  poin t  a t  w hic h  high  s p e e d  is m a d e
pos sible.

Long-s t rok e  ai r  co m p r e s so r s  a r e  evide n tly objec tion a ble
on  t h e  b a sis  of g r e a t e r  exp e n s e  of co ns t r uc tion.  
All t h e  p a r t s  m u s t  b e  la r g e r  a n d  h e avier.  The
fly w h e els  a r e  inc r e a s e d  e no r m o u sly in di a m e t e r  a n d
w eig h t ,  a n d  t h e  s t r e n g t h  of b e a rin gs  m u s t  b e  e nl a r g e d
in p ropo r tion.   It  is difficul t  to  e q u alize  po w e r
a n d  r e si s t a nc e  in ai r  co m p r e s so r s  wi th  long  s t rok es.  
The  s p e e d  will b e  je rky, a n d  w h e n  slow, t h e  fly w h e el
r a t h e r  r e t a r d s  t h a n  a s sis t s  in t h e  work  of co m p r e s sion.  
This  a c tion  t e n d s  to  d e r a n g e  t h e  p a r t s  a n d  m a k e s  la r g e
b e a rin gs  a  n e c e s si ty.  The  pis ton  in  a  long-s t rok e
co m p r e s so r  t r avels  t h ro u g h  consid e r a ble  s p ac e  b efo r e
t h e  p r e s s u r e  r e a c h e s  a  poin t  w h e r e  t h e  disch a r g e  valve
op e n s,  a n d  af t e r  r e a c hing  t h a t  poin t  it h a s  to  go
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on  s till fu r t h e r  a g ain s t  a  p rolon g e d  u nifo r m  r e sis t a nc e.  
This  m a k e s  ro t a tive  s p e e d  difficul t.   During  t h e
e a rly p a r t  of t h e  s t roke,  t h e  e n e r gy of t h e  s t e a m  pis ton
m u s t  b e  s to r e d  u p  in  t h e  m oving  p a r t s ,  to  b e  given
ou t  w h e n  t h e  s t e a m  p r e s s u r e  h a s  b e e n  r e d u c e d  t h ro u g h
a n  e a r ly cu t-off.  With  a  s ho r t  s t roke  a n d  a  la rg e
dia m e t e r  of s t e a m  cylind e r  w e  a r e  a bl e  to  g e t  s t e a m
e co no my o r  e a rly c u t-off a n d  exp a n sion  wi t ho u t  t h e
co m plica tions  of co m po u n ding.

*       *       *       *  
    *

[Con tinu e d  fro m  SUPPLEME NT, No. 7 9 3,  p a g e  1 2 6 7 7.]

THE POWER OF WATER, OR HYDRAULICS 
SIMPLIFIED.

By G.D.  Hiscox.

CURRE NT WHEELS FOR POWER AND RAISING WATER.

The  n a t u r al  flow of w a t e r  in a  c u r r e n t  is p ro b a bly
on e  of t h e  olde s t  a n d  c h e a p e s t  of t h e  m e t hod s  for
ob t aining  pow er, o r  t h e  lifting  of w a t e r  wi t hin  m o d e r a t e
el eva tions ,  for  a  s u p ply for  i r rig a tion  a n d  do m e s tic
p u r pos es; a n d  w e  p ro pos e,  a p a r t  fro m  t h e  c u r r e n t  w h e el,
to  t r e a t  only of s elf-w a t e r-r aising  d evices  in t hi s
c h a p t er.
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Wate r  w h e els  of va rious  for ms  for  t hi s  p u r pos e  h av e
b e e n  u s e d  fro m  ti m e  im m e mo rial in E u ro p e,  Asia  a n d
E gypt,  w h e r e  t h e  r e co r d  gives  ex a m ples  of w h e els  of
t h e  no ri a  cla s s  fro m  3 0  to  9 0  fee t  in di a m e t e r ;  t h e
t e r m  noria  h aving  b e e n  a p plied  to  w a t e r  w h e els
c a r rying  b uck e t s  for  r aising  w a t e r ;  t h e  S p a nis h  noria
h aving  b uck e t s  on  a n  e n dles s  c h ain.

Reco r ds  of a  Chine s e  no ri a ,  of 3 0  fee t  dia m e t er, m a d e
of b a m boo, s how  a  lifting  c a p a ci ty of 3 0 0  tons  of
w a t e r  p e r  d ay  to  a  h eigh t  of 3/4  of t h e  di a m e t e r  of
t h e  w h e el—velocity of c u r r e n t  no t  s t a t e d.

For  les s  q u a n ti ty a n d  g r e a t e r  el eva tion,  t h e s e  for m s
of w h e el  m ay  h ave  p u m p s  a t t a c h e d  to  t h e  s h af t,  by
c r a nk,  t h a t  will give  a  fai r  d u ty for  a  hig h  w a t e r
s u p ply.

For  po w e r  p u r pos es ,  a s  in t h e  plain  cu r r e n t  w h e el,
Fig.  2 3,  t h e r e  a r e  t wo  p rincip al fac to r s  in t h e  p ro ble m
of pow e r—t h e  veloci ty of t h e  c u r r e n t  a n d
t h e  a r e a  of t h e  b u ck e t s  o r  bla d e s.

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

Their  efficiency is ve ry low, fro m  2 5  to  3 6  p e r  c e n t .,
a c co r din g  to  t h ei r  ligh t n es s  of m a k e  a n d  for m  of b uck e t s.  
A sligh tly c u rve d  pl a t e  iron  b uck e t  gives  t h e  high e s t
efficiency, t h u s  ( to  t h e  c u r r e n t ,  a n d  a n  a d di tion al
value  m ay  al so  b e  given  by sligh tly s h ro u din g  t h e  e n d s
of t h e  b uck e t s.

The  r el a tive  veloci ty of t h e  p e riph e ry of t h e  w h e el
to  t h e  veloci ty of t h e  c u r r e n t  s ho uld  b e  5 0  p e r  c e n t .
wi th  c u rve d  bl a d e s  for  b e s t  effec t .

The  m o s t  u s eful a n d  conve nie n t  size s  for  pow e r  p u r pos e s
a r e  fro m  1 0  to  2 0  fee t ,  a n d  fro m  2  to  2 0  fee t  wid e,
al tho u g h,  a s  b efo r e  s t a t e d,  t h e r e  is sc a r c ely a  limit
u n d e r  1 0 0  fee t  di a m e t e r  for  s p eci al p u r pos e s.
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In  d e signing  t his  cla s s  of w h e els  s p eci al a t t e n tion
s ho uld  b e  give n  to  t h e  conc e n t r a tion  a n d  inc r e a s e
of t h e  veloci ty of t h e  c u r r e n t  by wing  d a m s  o r  by
t h e  n a r rowing  of s h allow s t r e a m s;  alw ays  b e a ring  in
min d  t h a t  a ny inc r e a s e  in t h e  veloci ty of t h e  c u r r e n t
is e cono my in inc r e a s e d  pow er, a s  w ell a s  in t h e  size
a n d  cos t  of a  w h e el  for  a  given  pow er.

The  bla d e s  in t h e  s m alle r  size  w h e els  s ho uld  b e  1/4
of t h e  r a dius  in  wid t h,  a n d  for  t h e  la r g e r  sizes  u p
to  2 0  fee t ,  1/5  to  1/6  of t h e  r a diu s  in wid t h  a n d
s p ac e d  e q u al  to  fro m  1/4  to  1/3  of t h e  r a dius .

They s ho uld  b e  co m ple t ely s u b m e r g e d  a t  t h e  low es t
poin t .

For  ob t aining  t h e  ho r s e  pow e r  of a  c u r r e n t  w h e el,
t h e  for m ula  is

Area  of 1  bl a d e  x veloci ty of t h e  c u r r e n t  in ft. p e r  s e c.
----------------------------------------------------------
4 0 0

x by t h e  s q u a r e  of diffe r e nc e  of veloci ties  of c u r r e n t
a n d  w h e el  p e r iph e ry  =  t h e  ho r s e  pow e r;  o r

A x V            2
------  x (V - v)  =  h .  p .
4 0 0

[TEX:  \fr ac {A \tim e s  V}{ 4 0 0 }  \tim e s  (V —
v) ^ 2  =  h.  p .]

in  w hich  A e q u als  t h e  a r e a  of bl a d e  in s q u a r e  fee t ,
V a n d  v veloci ties  of c u r r e n t  a n d  w h e el  p e riph e ry
r e s p e c tively, in fee t  p e r  s eco n d.   Thus,  for  exa m ple,
a  w h e el  1 0  fee t  in di a m e t e r  wit h  bl a d e s  6  fee t  long
a n d  1  foot  in  wid t h,  r u n ning  in a  s t r e a m  of 5  fee t
p e r  s e con d—a s s u min g  t h e  w h e el  to  b e  giving
a s  m u c h  pow e r  a s  will r e d uc e  it s  veloci ty to  on e  h alf
t h a t  of t h e  s t r e a m—t h e  figu r e s  will b e
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6’ x 5’       2
-------  x 2 .5   =  0.46 8
4 0 0

[TEX:  \fr ac { 6’ \ tim e s  5’} { 4 0 0 }  \ tim es
2.5 ^ 2  =  0.4 68]

ho r s e  pow e r  of t h e  w h e el.

The  to t al  pow e r  of t h e  s t r e a m  d u e  to  t h e  a r e a  of t h e
bla d e  e q u als  t h e

S q u a r e  of t h e  veloci ty of t h e  s t r e a m
------------------------------------ x
Twice  g r avity (64.33)

volu m e  of w a t e r  in  c u bic  fee t  p e r  s econ d  x 6 2.5  (weigh t
of 1  C’) =  t h e  value  o r  g ro ss  effec t  in  pou n d s
falling  1  foot  p e r  s eco n d.   This  s u m  divide d  by
5 5 0  =  ho r s e  po w er.  Thus,  a s  p e r  las t  ex a m ple,

2
5
------ x 3 0  x 6 2.5
6 4.33
----------------------  =  1.32  t h e  ho r s e  pow e r  of
t h e  cu r r e n t
5 5 0

[TEX:  \fr ac {\fr ac { 5 ^ 2 } { 6 4.33 }  \tim es  3 0  \tim e s
6 2.5 } { 5 5 0 }  =  1.32  \t ex t {  t h e  ho r s e  pow e r  of t h e  c u r r e n t }]

d u e  to  t h e  a r e a  of t h e  bl a d e s  of t h e  w a t e r  w h e el.

For  t h e  efficiency of t his  clas s  of w h e el, wi t h  sligh tly
c u rve d  a n d  t hin  bl a d es ,  divide  t h e  ho r s e  pow e r  of
t h e  w h e el  by t h e  ho r s e  pow e r  of t h e  c u r r e n t  a r e a ,
e q u als  t h e  p e r c e n t a g e  of efficiency.

As in t h e  las t  c a s e ,

  0 .46 8  /  1 .3 2  =  0.3 5 1/2
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p e r  c e n t .  efficiency of t h e  w a t e r  w h e el.

With  high e r  veloci ties  of s t r e a m  a n d  w h e el  t h e  efficiency
will b e  fro m  2  to  3  p e r  c e n t .  les s,  a l t ho u g h  t h e  ho r s e
pow e r  will inc r e a s e  n e a rly wi th  t h e  inc r e a s e  in  veloci ty
of t h e  cu r r e n t .

For  d e t ails  of a p plica tion  of va rious  for m s  of cu r r e n t
w h e els  for  pow e r  p u r pos e s  s e e  illus t r a t e d  d e sc rip tion
Yagn’s a n d  Rom a n’s  floa ting  m o to r s  in
SCIE NTIFIC AMERICAN SU PPLEME NT, No. 4 6 3.

A ve ry good  exa m ple  of a  floa ting  m o to r  of t h e  p ro p elle r
cla s s  is N os si a n’s fluvia tile  m o tor, illus t r a t e d
a n d  d e sc rib e d  in  SCIE NTIFIC AMERICAN SUP PLEME NT, No.
6 5 6.

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

Fig.  2 4  r e p r e s e n t s  a  ve ry co m ple t e  floa ting  m o tor,
in  w hich  t h e  floa t s  a r e  w e d g e  s h a p e d  a t  t h e  s t e m,
for  t h e  p u r pos e  of inc r e a sin g  t h e  c u r r e n t  b e t w e e n
t h e m,  t h e  w h e el  b ein g  a n  o r din a ry cu r r e n t  w h e el, a s
s how n  in Fig.  2 3 ,  wi t h  a  c u rve d  s hield  o r  g a t e  in
fron t ,  w hich  c a n  b e  m ove d  a ro u n d  t h e  p e riph e ry of
t h e  w h e el  for  t h e  p u r pos e  of r e g ula ting  it s  s p e e d
o r  s top pin g  it s  m o tion  by c u t ting  off t h e  s t r e a m  fro m
t h e  b uck e t s.

The  floa t,  r i sing  a n d  falling  wi th  t h e  s t r e a m,  is
h eld  in  posi tion  by  a  b r ac e d  fr a m e  s wingin g  on  a n c ho r a g e s
wi thin  t h e  mill on  s ho r e ,  a n d  p a r allel wi th  a  s wivele d
s h af t .

Tide  w h e els  a n d  tid al c u r r e n t  w h e els  h ave  b e e n  in
u s e  for  m o r e  t h a n  8 0 0  ye a r s ,  a n d  w e r e  la r g ely in  u s e
in E u ro p e  a n d  t h e  U ni t e d  S t a t e s  d u ring  t h e  fir s t  h alf
of t h e  p r e s e n t  c e n t u ry.  N o  les s  t h a n  t h r e e  w e r e
r u n ning  in t h e  im m e dia t e  vicini ty of N e w  York, in
1 8 4 0,  for  milling  p u r pos e s.

Their  d ay  s e e m s  to  b e  p a s t ,  exc e p t  in so m e  s p ecial
loc alities.   We will a l so  p a s s  t h e m,  a n d  illus t r a t e
so m e  of t h e
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The  ty m p a n u m  d e rives  it s  n a m e  fro m  its  simila ri ty
to  a  d r u m  a s  m a d e  by t h e  Ro m a n s,  b u t  it s  o rigin  w a s
E gyptia n.   I t  is a  c u r r e n t  w h e el wit h  fr a m e  like
Fig.  2 3,  to  t h e  ou t sid e  of w hich  a  s e t  of ch a m b e r s
o r  t u b e s  a r e  fixed,  r a di a ting  s pi r ally, so  a s  to  lea d
t h e  w a t e r  to  t h e  s h af t  a s  t h e  w h e el  r evolves,  a s  s how n
in Fig.  2 5.   I t  h a s  a  lift  of a  lit tl e  les s  t h a n
h alf it s  dia m e t er, a n d  a n s w e r s  a n  exc ellen t  p u r pos e
for  t h e  ir rig a tion  of r ice  a n d  c r a n b e r ry  fields,  o r
on  s t r e a m s  r u n nin g  t h ro u g h  low lands  in  a rid  dis t ric t s .  
I t  is s till on e  of t h e  Nile  ir rig a ting  w h e els.

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

The  b uilding  of t h e s e  w h e els  is wi thin  t h e  scop e  of
t h e  c a r p e n t e r  a n d  t h e  t ins mi th.   A s ho r t  wood e n
s h af t  m a d e  s q u a r e  o r  oc t a go n al, a s  conve nie n t,  wi th
g u d g eo n s  in t h e  e n d s  a n d  a r m s  of wood  bol t e d  a c ros s
e a c h  of t h e  sid es  of t h e  s h af t ,  o r  a s  s how n  in t h e
c u t ,  will for m  a  fra m e  wo rk  u po n  w hich  a  ri m  m ay  b e
fas t e n e d,  to  w hich  t h e  bla d e s  a n d  t u b ula r  b uck e t s
c a n  b e  a t t a c h e d.

The  di r ec tions  in r e g a r d  to  t h e  c u r r e n t  w h e el, Fig.
2 3 ,  m ay b e  followe d  a s  to  n u m b e r  a n d  for m  of bl a d e s ,
w hich  m u s t  b e  m a d e  in leng t h  a n d  wid t h  p ropo r tion al
to  t h e  veloci ty of t h e  s t r e a m  a n d  t h e  q u a n ti ty of w a t e r
to  b e  lift e d  by e a c h  t u b ula r  a r m.   The  t u b e s  m ay
b e  m a d e  of g alva nize d  s h e e t  iron  a n d  a t t a c h e d  to  t h e
ou t sid e  of t h e  w h e el, a s  s how n  in Fig.  2 5.

THE NORIA OR BUCKET WHEEL.

This  is a  si m ple  c u r r e n t  w h e el  wi th  po t  b u ck e t s,  r igid
o r  s winging,  a r r a n g e d  on  t h e  ri m  of t h e  w h e el, to
c a r ry  u p  a n d  disc h a r g e  t h e  w a t e r  n e a rly a t  t h e  top
of t h e  w h e el, a n d  t h ro u g h  t h e  long  a g e s  t h a t  it  h a s
b e e n  in u s e  for  ir rig a tion,  villag e  w a t e r  s u p ply, a n d
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eve n  for  p riva t e  e s t a blish m e n t s ,  h a s  a s s u m e d  a  va rie ty
of for m s  in d e t ail of cons t r u c tion  r a n ging  fro m  t h e
b a m boo  w h e els  of t h e  Chine s e  to  t h e  ligh t  iron  w h e els
of m o d e r n  cons t r uc tion.

We illus t r a t e  t h e  m os t  sim ple  of t h e s e  for m s  in Fig s.
2 6  a n d  2 7,  in  w hich  t h e  fir s t  is a  s e ri e s  of boxes
o r  c h a m b e r s  in t h e  ri m  of t h e  w h e el  wi th  sid e  op e nin gs
in t h e  forw a r d  p a r t  of t h e  box a s  t h e  w h e el  r evolves,
a n d  a  lip  ex t e n din g  fro m  t h e  inn e r  e d g e  of t h e  op e nin g
to  di r ec t  t h e  ou tflow in to  t h e  t ro u g h.

[Illus t r a tion:  Fig.  2 6.]

Anot h e r  for m, Fig.  2 7,  is a r r a n g e d  wit h  s win g  b u ck e t s
o r  po t s ,  pivot e d  jus t  a bove  t h ei r  c e n t e r s ,  a n d  wi th
t h e  c a t c h  t ro u g h  so  fixed  a s  to  t ip  t h e  b uck e t s  a t
t h e  hig h e s t  poin t,  t h us  giving  t his  w h e el  t h e  g r e a t e s t
pos sible  a dva n t a g e  a s  to  h eig h t  of disch a r g e  for  a
give n  di a m e t er.

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

The  po w e r  value  of t h e s e  w h e els  for  r ai sing  w a t e r
is a  m a t t e r  of co m p u t a tion  a s  n e a rly r eli able  a s  for
o th e r  d evices  for  t h e  s a m e  p u r pos e,  w h e n  t h e  veloci ty
of t h e  cu r r e n t  is know n  a t  t h e  poin t  of con t a c t  wi th
t h e  bl a d e s.
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The  ho r s e  pow e r  of t h e  w h e el  m ay  b e  co m p u t e d  a s  for
t h e  cu r r e n t  w h e el, Fig.  2 3 ,  a n d,  a s  t h e  ho r s e  pow e r
is e q u al  to  3 3,00 0  po u n ds  r ais e d  on e  foot  high  p e r
min u t e ,  w e  m ay  a s s u m e  a  cons t r uc tion  of w h e el  t h a t
will a llow of disc h a r gin g  a t  8  fee t  a bove  t h e  s t r e a m;
t h e n  3 3,00 0  / 8  =  4,1 2 5  po u n d s  of w a t e r  disc h a r g e d
a t  8  fee t  el eva tion  p e r  ho r s e  po w e r  p e r  min u t e .  
As t h e  n e t  pow e r  of t h e  w h e el  in t h e  las t  exa m ple,
for  Fig.  2 3 ,  w a s  0.46 8  of a  ho r s e  pow er, t h e n  4,12 5
x 0.4 6 8  =  1,93 0  po u n d s  of w a t e r  r ais e d  8  ft. p e r  min u t e
by t h e  size  of b u ck e t  a n d  veloci ty of c u r r e n t  in t h a t
c a s e .   F ro m  t hi s  a  d e d uc tion  of 2 0  p e r  c e n t .  s ho uld
b e  m a d e  for  los s  by s pill a n d  imp e rfec t  cons t r uc tion,
so  t h a t  1 ,50 0  po u n d s  o r  1 7 6  g allons  p e r  min u t e  wo uld
b e  t h e  p ro b a ble  ou t p u t—ove r  2 5 3,00 0  g allons
p e r  d ay; or, for  i r rig a tin g  p u r pos es ,  e q u al  to  a  r ainfall
of ove r  1 1/4  inch es  in d e p t h  on  5 0  a c r e s  in on e  w e ek.

The  p ro po r tion  of c a p a ci ty of t h e  lifting  b u ck e t s
for  s uc h  a  w h e el  b e co m e s  of a s  g r e a t  impor t a nc e  a s
its  efficiency.

If t h e  b uck e t s  a r e  too  la r g e ,  t h e  w h e el  will s t all,
a n d  if too  s m all, t h e  w h e el  will no t  give  it s  full
d u ty.

For  ob t aining  t h e  a p p roxim a t e  c a p aci ty of t h e  lifting
b u ck e t s,  a s s u min g  t h e  ex a m ple  a s  a bove  co m p u t e d ,  a
1 0  foot  w h e el  wit h  t h e  veloci ty a t  p e rip h e ry  of 2 1/2
fee t  p e r  s e co n d  is 1 5 0  fee t  p e r  min u t e ,  o r  five  r evolu tions
p e r  min u t e ,  n e a rly.  The n  1,93 0  lb. p e r  m .  / 5
r evolu tions  =  3 8 6  po u n d s  w a t e r  c a p a city for  all of
t h e  b uck e t s  on  t h e  w h e el.

If s uc h  a  w h e el  is cons t r u c t e d  wi th  1 6  bl a d e s  a n d
1 6  b u ck e t s,  on e  b e t w e e n  e ac h  bl a d e ,  t h e n  3 8 6  / 1 6
=  2 4  po u n d s  for  e ac h  b u ck e t ,  o r  3 8  / 1 0 0  of a  cu bic
foot.

The  s pill fro m  t his  c a p aci ty of b uck e t  b ein g  s ufficien t
to  co m p e n s a t e  for  t h e  fric tion  of t h e  s h aft  jou r n al s.
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The  lifting  b uck e t s  of t h e  no ri a  cla s s,  Figs.  2 6  a n d
2 7,  c a n  b e  m a d e  of posi tive  di m e n sions  to  s ui t  t h e
co m p u t a tions  a s  a bove;  b u t  t hos e  of t h e  ty m p a n u m  cl a s s,
Fig.  2 5,  s hould  b e  m a d e  of di m e n sions  to  confor m  with
t h e  r e q ui r e d  c a p aci ty a t  t h e  m o m e n t  of leaving  t h e
w a t er, a s  t h e  w a t e r  a t  t his  poin t  flows  in to  t h e  a r m.

(To b e  co n tin u e d .)

*       *       *       *  
    *

To r e m ove  p ain t  a n d  va r ni sh e s ,  w hich  r e si s t  t h e  a c tion
of s t ro n g  lye, Dr. S tock m eie r  r e co m m e n d s  a  mixtu r e
of w a t e r  of a m m o nia,  two  p a r t s ,  a n d  t u r p e n tine ,  on e
p a r t ;  t his  a p plied  to  t h e  s u rfac e  to  b e  cle a n e d  will,
af t e r  a  few min u t e s’ a c tion,  e n a ble  t h e  p ain t
to  b e  r e m ove d  by u s e  of co t to n  w a s t e  o r  simila r  m a t e ri al.—(Bayr. 
Ge n.  Z t g .), Run ds c h a u.

*       *       *       *  
    *

ON GAS MOTORS.
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M. Witz, s ays  t h e  Gas World , h a s  b e e n  co n d uc tin g
a  s e ri es  of exp e rim e n t s  on  t h e  Dela m a r e-De bo u t t eville
a n d  M alindin  g a s  e n gin e,  d riven  by Dowson  g a s,  a n d
in w hich  t h e  g a s  g e n e r a to r  t ak e s  t h e  plac e  of t h e
o r din a ry s t e a m  boiler.  The  e n gin e  w a s  a  on e-cylind e r
m o to r  in t h e  e s t a blish m e n t  of M e s s r s .  M a t t e r  & Co.,
Rou e n.   I t s  pow e r  w a s  1 0 0  ho r s e  indic a t e d;  t h e
cylind e r  w a s  2 3  inch e s  in di a m e t er, t h e  s t roke  3 8  inc h e s,
a n d  t h e  no r m al s p e e d  1 0 0  r evolu tions .   The  e n gin e
is of t h e  Sim plex typ e;  t h e  kindling  is el ec t ric;
t h e  cycle  of op e r a tions  is fou rfold,  wi th  pow e rful
co m p r e s sion.   The  Dowson  g e n e r a to r  is 3 0  inch e s
insid e  di a m e t e r  a n d  7 6  inch e s  in h eigh t  fro m  t h e  b a r s
to  t h e  top.   Air is blow n  in by s t e a m  d rive n  in
u n d e r  t h e  h e a r t h .   The r e  is a  siphon,  a  cok e  sc r u b b e r
1 1 0  inc h e s  hig h,  a  s a w d u s t  p u rifier, a n d  a  g a s hold e r
of 7 5 0  c u bic fee t  c a p a ci ty, a n d  a  pip e  to  t h e  e n gin e
5.2  inch es  in  di a m e t er.  The  to t al  a r e a  occ u pie d
by t his  a p p a r a t u s  is 1 4 0  s q u a r e  ya r d s,  of w hich  t wo-t hi r d s
a r e  b uil t  on.   The  a n t h r a ci t e  e m ploye d  w a s  fro m
S w a n s e a ,  con t aining  5.4  p e r  c e n t .  of a s h.   The
obs e rva tions  m a d e  wi th  a  s t r in g  fric tion  b r ak e  w e r e
con tinu e d  for  6 8  ho u r s ,  eve ryt hin g  u s e d  b ein g  c a r efully
w eig h e d  a n d  m e a s u r e d .   On e  d ay t h e  m a c hin e  w a s
wo rk e d  for  1 5 1/4  ho u r s  on  e n d;  t h e  o th e r  d ays  it w a s
wo rk e d  wit h  a n  in t e rval of h alf a n  ho u r  ev e ry 1 2  ho u r s
to  cle a r  t h e  h e a r t h,  pok e  t h e  fi r e  a n d  lub rica t e  t h e
m a c hin e;  a n d  it w a s  cle a rly e s t a blish e d  t h a t  wi t h
a  big  e no u g h  g e n e r a to r  it  would  b e  q ui t e  possible
to  wo rk  con tinuo usly for  s eve r al d ays.

The  following  w e r e  t h e  d a t a  for  a  d ay  of 2 4  ho u r s ,
wi th  a n  in t e rval of h alf a n  ho u r:   8:55  P.M. on e
d ay to  8:55  P.M. t h e  n ex t ,  in t e rval 8:30  to  9  A.M. 
Anth r a ci t e  u s e d ,  1 8.4  cw t.; coke  u s e d,  3 . 42  cw t.; w a t e r
u s e d  for  s t e a m  injec tion,  2 1 7.3  g allons; w a t e r  u s e d
in sc r u b b er, 4 ,10 6  g allons; w a t e r  u s e d  in  cooling
t h e  cylind er, 2 0,00 0  g allons; oil u s e d  in cylind er,
1 4 .84  po u n d s;  g r e a s e ,  1 . 8  po u n d s;  r evolu tions  of m a c hin e,
1 4 2,1 57,  o r  1 0 0.8  p e r  min u t e ;  effec tive  wo rk,  7 5.86
F r e nc h  ho r s e  pow er, o r  7 7.4  Bri tish;  g a s  u s e d,  6 ,7 42
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c u bic fee t  p e r  ho ur, a t  7 7 2  m m.  p r e s s u r e  a n d  7 0.7
d e g.   F., o r  8 3 .7  c u bic fee t  p e r  effec tive  ho r s e
pow e r;  efficie ncy, 6 9  p e r  c e n t .

N ow, wi t h  r e g a r d  to  t h e  co m p a rison  b e t w e e n  t h e  la rg e
g a s  m o to r s  a n d  s t e a m  e n gin e s  of t h e  s a m e  size,  M.
Witz go e s  on  to  r e m a r k  t h a t  t h e  g a s  e n gin e  is by  no
m e a n s,  a s  w a s  for m e rly t ho u g h t  on  hig h  a u t ho ri ty,
n ec es s a rily r e s t ric t e d  to  t h e  do m ain  of s m alle r  work
a n d  sizes .   Eve n  in e a r ly t im e s  it w a s  s e e n  t h a t
t h e  g a s  e n gin e  b elon g e d  to  a  type  in w hich  t h e r e  w e r e
pos sibili ti e s  of imp rove m e n t  g r e a t e r  t h a n  t hos e  av ailable
in t h e  s t e a m  e n gin e ,  b e c a u s e  t h e  diffe r e n c e  of t e m p e r a t u r e
b e t w e e n  t h e  wo rking  s u b s t a nc e  in i t s  ho t t e r  a n d  it s
coole r  con di tion  w a s  g r e a t e r  t h a n  in  t h e  s t e a m  e n gin e;
a n d  cons u m p tions  of 5 ,2 50  c u bic fee t  p e r  ho r s e  pow e r
p e r  ho u r  soon  d e sc e n d e d  s t e p  by  s t e p  a s  fa r  a s  2 ,06 0,
w hile  t h e  po w e r  w e n t  u p,  p a s t  4 ,  8  a n d  1 2,  to  2 5  o r
5 0  ho r s e  pow e r;  a n d  in t h e  exhibi tion  of 1 8 8 9  t h e r e
w e r e  g a s  e n gin e s  s e e n  in w hich  t h e  explosion  ch a m b e r
h a d  a  dia m e t e r  of a s  m u c h  a s  2 3  inch es .
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But  t h e  p ric e  of co al g a s  s e e m e d  to  b e  too  high  for
u s e  in t h e s e  la r g e  e n gin e s,  in w hich  size s  s t e a m  is
co m p a r a tively ch e a p;  a n d  so  poo r e r  g a s ,  w hich,  t ho u g h
pos s e ssin g  only a bo u t  2 8  p e r  ce n t .  of t h e  h e a t ing  pow er,
is s till ch e a p e r  in p ro po r tion  t h a n  co al g a s ,  w h e n
it  is m a d e  on  t h e  s po t,  w a s  in t rod u c e d  to  tide  ove r
t h e  difficul ty.  Difficul tie s  h ave  b e e n  s ucc e s sively
ove rco m e,  wi t h  t h e  r e s ul t  w hic h  w e  h ave  jus t  s e e n ,
n a m ely, 1 .37  po u n d s  of a n t h r a ci t e  p e r  effec tive  ho r s e
pow er, o r  a bo u t  h alf t h e  c a r bo n  w hic h  a  s t e a m  e n gin e
of t h e  s a m e  po w e r  of exc ellen t  d e sig n,  a n d  w ell ke p t
u p,  wo uld  co ns u m e.   A 5 0  ho r s e  sim plex a t  M a r s eilles,
in  Ba r a t a u d’s flou r  mill, is s aid  to  h ave  r u n
for  t h e  las t  2  ye a r s  on  1.12  pou n ds  of E n glish  a n t h r a ci t e
p e r  effec tive  ho r s e  pow e r;  a n d  t h u s  M. Witz s ays  his
p r e dic tions  of 1 0  ye a r s  a go,  t h a t  t h e  g a s  p ro d uc e r
wo uld  so m e  d ay r e plac e  t h e  boiler, a r e  b eing  ve rified
in s uc h  a  w ay a s  to  s u r p ris e  eve n  hi m s elf.

Bu t  t h e  objec tion  is s t a t e d ,  a n d  it is a  s e rious  on e:  
t h e  w eigh t  of fuel is no t  t h e  only t hin g  to  b e  conside r e d.  
The  s t e a m  e n gin e  u s es  coal, t h e  p ro d uc e r  r e q ui r e s
E n glish  a n t h r a ci t e ,  w hich  is d e a r e r ;  t h e  g a s  m o to r
u s e s  a  g r e a t  d e al  of w a t e r  a n d  a  g r e a t  d e al  of oil,
w hich  cos t  m o n ey; a n d  g a s  m o to r s  a r e  d e ar, w hile  g a s
p ro d uc e r s  a n d  t h ei r  a dju nc t s  cos t  a  tidy bi t  of m o n ey,
a n d  w e a r  ou t  p r e t ty  fas t .   Is  no t  s t e a m,  af t e r
all, m o r e  econo mic al in  t h e  long  r u n?   Besides ,
p ro d uc e r s  a r e  b ulky a n d  t ak e  u p  a  g r e a t  d e al  of s p a c e;
t h e  w eigh t  of fuel is only on e  el e m e n t  in a  co m plica t e d
p ro ble m.

In  o r d e r  to  s t u dy t h e  g ro u n d s  of t his  objec tion,  M.
Witz h a s  ins ti t u t e d  a  co m p a ri son  b e t w e e n  t h e  a c t u al
cos t  of la r g e  s t e a m  e n gin e s  a n d  t h a t  of g a s  m o to r s
of simila r  size.

Take  a  good  Gallow ay o r  m ul ti t u b ula r  boile r;  for  7 5
ho r s e  pow e r  effec tive  t h e  h e a tin g  s u rf ac e  m u s t  b e
a t  le a s t  7 4  s q u a r e  fee t .   Using  good  Ca r diff co al,
wi th  4  p e r  c e n t .  of a s h ,  a n d  a  h e a ting  po w e r  of 1 5,66 0
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Fa hr. u ni t s;  t h e  s t e a m  r ais e d  will b e  8  to  9  po u n d s
p e r  po u n d  of co al, so  t h a t  9 , 40 0  to  1 0,5 77  Fa hr. u ni t s
a r e  u tilized  in r aising  s t e a m,  o r  6 8  to  7 6  p e r  ce n t .,
w hich  is a n  exc ellen t  r e s ul t .   Take  a n  e n gin e  of
1 6  inch  cylind e r  di a m e t er, 4 0  inch  s t roke,  a n d  6 6  r evolu tions,
e t c .; it  will u s e  2 2.4  po u n d s  of s t e a m  p e r  ho r s e
pow e r  effec tive,  w hich  r e p r e s e n t s  2 .47  to  2.8  po u n d s
of coal u n d e r  t h e  boiler.  Thes e  1 0  po u n d s  of
s t e a m  c a r ry  1 1,75 2  Fahr. u ni t s  of h e a t ,  a n d  p ro d uc e
wo rk  e q u al  to  7 5  ho r s e,  o r  1 ,14 3  Fa hr. u ni t s  of h e a t ;
w hich  co r r e s pon ds  to  a n  efficiency of 9 .7  p e r  c e n t .  
In  a  g a s  m o tor, on  t h e  o th e r  h a n d,  w e  find  t h e  m a t e ri als
e m ploye d,  a s  p e r  t h e  a bove  d a t a ,  to  con t ain  8,9 5 8  Fa hr.
u ni t s  of h e a t ,  a n d  to  m a k e  g a s eo us  fuel in w hich  6,34 3
u ni t s  a r e  available; a  r e t u r n  of 7 0.6  p e r  c e n t ,  in
t h e  p ro d uc er.  The  m o to r  r e c eives  t h e s e  6,34 3,
a n d  conve r t s  1 ,1 43  of t h e m  in to  wo rk; a n  efficie ncy
of 1 8  p e r  c e n t .   In  o r d e r  to  b e  e q uivale n t  fro m
t h e  h e a t  poin t  of view, a  s t e a m  e n gin e  ou g h t  to  p ro d uc e
a  ho r s e  pow e r  effec tive  p e r  9 .7 2  po u n d s  of s t e a m  a t
5  a t m os p h e r e s;  b u t  no  s uc h  s t e a m  e n gin e  exis t s .
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M. Witz go e s  on  wit h  co m p a r a tive  e s ti m a t e s .   For
a  Corliss  e n gin e  a n d  boiler, wi th  c hi m n ey, e t c .,
co m ple t e ,  a n d  p u t tin g  t h es e  u p,  h e  allows  L1,28 0;
for  a  Si m plex g a s  m o to r  a n d  Dowson  p rod uc e r  co m ple t e ,
includin g  p u t ting  u p,  h e  allows  L1,29 0,  w hich  h e  explains
to  b e  ave r a g e  a c t u al  p rice s; b u t  t h e s e  p rice s  do  no t
cove r  cos t  of t r a n s po r t ,  a n d  M. Witz do e s  no t  go  in to
cos t  of m a s o n ry for  b uildings,  a p a r t  fro m  foun d a tions,
e t c ., for  t h e  a p p a r a t u s  a n d  m a c hin e ry.

As to  w a t er, t h e  g a s  m o to r  t ak e s  2 1 5  cu bic  fee t  p e r
ho r s e  pow e r  effec tive.   A con d e n sing  s t e a m  e n gin e
u s e s  five  tim e s  a s  m u c h.

The  lub ric a ting  oil u s e d  a t  Rou e n  w a s  a  mixtu r e  of
Rus sia n  oil a t  4 3 0  fr. p e r  ton,  a n d  Fe r ry a n d  H e d ui t
F.H. oil a t  9 0 0  fr.; t h e  av e r a g e  w a s  6 5 0  fr. p e r  to n,
o r  2 .8 d.  p e r  po u n d.   Wann e r  g r e a s e,  a t  6 . 4d.  p e r
po u n d,  w a s  u s e d  for  t h e  m oving  p a r t s .   A s t e a m
e n gin e  r e q ui r e s  les s  oil for  t h e  cylind er, b u t  t h e
s a m e  q u a n ti ty for  t h e  m oving  p a r t s .

The  a t t e n d a n c e  on  t h e  g a s  m o to r  is too  m u c h  for  on e
m a n ,  no t  e no u g h  to  occ u py t wo; r ecko n  it  a t  4 s .  9 1/2 d.
a  d ay.

The s e  el e m e n t s  e n a ble  u s  to  c alcula t e  t h e  d aily cos t
of t h e  g a s  m o tor, of 7 5  a c t u al  ho r s e  pow er, in  co m p a ri son
wi th  a  s t e a m  e n gin e  of t h e  s a m e  size.

S t ea m  E n gin e .

s .
 d .  
U pk e e p,  in t e r e s t  a n d  sinking  fund  a t  1 5  p e r
c e n t ,  on  L1,292  =  L193.8  =  p e r  d ay.          
  1 2   1 1
Ca r diff co al, 2 .6 4 3  po u n d s  p e r  a c t u al ho r s e
pow e r  p e r  ho u r;  2 .64 3  x 1 0  x 7 5  =  in 1 0
ho u r s  1,9 8 2  po u n d s  co al a t  2 2s .  a  ton.        
  1 9    5 1/2
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Oil, 3 .3 6  po u n ds  p e r  d ay  a t  2 .8 d.  p e r  po u n d.    
   0    9 1/2
Gre a s e ,  0 .6 7  po u n d  a t  6 .4 d.                     
   0    4 1/2
Wages.                                          
   4    9 1/2
---------
L1
1 8    4

Gas E n gin e .

s .
 d .  
U pk e e p,  in t e r e s t  a n d  sinking  fund  a t  1 5  p e r
c e n t .  on  L1,292  is, p e r  d ay.                 
  1 2   1 1
Anth r a ci t e ,  1 .15 6  po u n d  p e r  a c t u al  ho r s e
pow e r  p e r  ho u r  =  for  7 5 0  ho r s e-ho u r s ,  a t
2 5 s .  6 d .                                      
   9   1 0
Coke,  0 .21 5  pou n d  x 1 0  x 7 5  =  1 6 1 1/4  pou n d s
a t  2 8 s .                                       
   2    0
Oil, 0 .0 08 4  po u n d  p e r  a c t u al  ho r s e  po w e r  p e r
ho ur, o r  0 .00 8 4  x 1 0  x 7 5  =  6.28  po u n d s  a t
2.8d.                                         
   1    5 1/2
Gre a s e ,  0 .7 54  po u n d  p e r  d ay  a t  6 .4 d.            
   0    5
Elec t ric  kindling,  on  cos t .                     
   0    3 1/2
Wages.                                          
   4    9 1/2
---------
L1
1 1    8

The  big  g a s  e n gin e  m a king  it s  ow n  poo r  g a s ,  a n d  r u n ning
1 0  ho u r s  a  d ay, h a s  t h u s  t h e  b e s t  of it in t h e  co m p a rison
wi th  t h e  s t e a m  e n gin e  of e q u al  pow er.

*       *       *       *  
    *
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A PROJECTING APPARATUS FOR BALANCES OF 
PRECISION.

The  lu minous  p rojec tion  a p p a r a t u s  illus t r a t e d  h e r e wit h,
w h e n  a d a p t e d  to  a  b ala nc e  of p r ecision,  p e r mi t s  of
effec tin g  w eig hing s  ve ry r a pidly.  For  t h e  s a m e
a p p roxim a tion,  t h e  veloci ty of oscilla tion  b e co m e s
five  o r  six tim e s  g r e a t er, a n d,  by t h e  m e t ho d  e m ploye d,
t h e  las t  c e n tig r a m m e s  a n d  t h e  millig r a m m e s  a n d  t h ei r
frac tions  a r e  e s ti m a t e d  di r ec tly, wit h  im m e dia t e  ve rifica tion.  
As t h e  a p p a r a t u s  is ind e p e n d e n t  of t h e  p a r t s  of t h e
b al a nc e,  i t c a n  b e  pl ac e d  on  all t h e  exis ting  labo r a to ry
b al a nc es  of p r e ci sion.
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[Illus t r a tion:  PROJECTING APPARATUS FOR BALANCES
OF PRECISION.]

The  m o difica tion  in t ro d uc e d  in to  t h e  b al a nc e  consis t s
in  t h e  displacing  of t h e  c e n t e r  of g r avi ty of t h e
b e a m  in s uc h  a  w ay a s  to  di minish  t h e  s e nsi tiven es s ,
a n d  cons e q u e n tly to  ob t ain  a  m u c h  g r e a t e r  veloci ty,
a n d  t h e n,  by  op tical m e a n s,  to  con sid e r a bly inc r e a s e
t h e  a m pli tud e  of t h e  oscilla tions.

Ins t e a d  of t h e  oscilla tions  b eing  obs e rve d  t h ro u g h
t h e  mic roscop e,  t h ey a r e  p rojec t e d  u po n  a  divide d
sc r e e n  for ming  a  di al, t h e  division  of w hich  is s e e n
by t r a n s mi t t e d  ligh t .

The  a p p a r a t u s  consis t s  of a  s m all a c h ro m a tic  objec tive
plac e d  a t  t h e  ext r e mi ty of t h e  t u b e  of a  mic roscop e,
in  w hich  t h e r e  is a  divide d  s c r e e n  t h a t  r e c eives  t h e
e nla r g e d  ima g e  of t h e  r e ticul e  fixed  u po n  t h e  n e e dle.  
U po n  t his  r e ticule  a r e  p rojec t e d  t h e  r ays  (cond e n s e d
by a  po w e rful len s) t h a t  co m e  fro m  a  luminous  so u rc e
plac e d  b e hind  t h e  b al a nc e.   The  focusing  is do n e
by m e a n s  of a  r a ck  a n d  pinion.

The  lu minous  so u rc e  e m ployed  is a  g a s  b u r n e r  wi t h
r eflec tor.  This is pl ac e d  in a  w aln u t  box in
o r d e r  to  p r eve n t  a ny p rojec tion  of h e a t  u po n  t h e  b al a nc e.  
This  b u r n er, t h us  isola t e d,  is ligh t e d  for  b u t  on e
o r  t wo  mi n u t e s  a t  a  m axim u m,  a t  t h e  e n d  of e a c h  w eig hin g.  
So, on  fixing  a  t h e r m o m e t e r  in  t h e  c a g e,  w e  find  t h a t
no  va ri a tion,  eve r  so  sligh t ,  occ u r s  in t h e  t e m p e r a t u r e .  
In  o r d e r  to  effec t  a  w eighing,  t h e  g a s  b eing  t u r n e d
dow n  to  a  t a p er, w e  p roc e e d  a s  wi th  a n  o r din a ry  b al a nc e
u n til t h e  ex t r e mity of t h e  n e e dle  no  long e r  e m e r g e s
fro m  t h e  low e r  di al.  The n  w e  cou n t  t h e  diffe r e nc e
of t h e  n u m b e r  of t h e  divisions  m a d e  by t h e  n e e dle
to  t h e  ri gh t  a n d  left  of ze ro.   This diffe r e n c e ,
m ul tiplied  by  t h e  a p p roxim a t e  valu e,  in millig r a m m e s,
of e a c h  division  of t his  di al (valu e  given  by t h e
ins t r u m e n t) im m e dia t ely gives  t h e  n u m b e r  of c e n tig r a m m e s
a n d  millig r a m m e s  t h a t  m u s t  b e  a d d e d  to  t h e  w eigh t s
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al r e a dy pl ac e d  u po n  t h e  p a n  of t h e  b al a nc e  in o r d e r
to  ob t ain  a n  e q uilib riu m,  to  a bo u t  a  h alf division
of t h e  low e r  di al.

The  valu e  of e a c h  division  of t hi s  di al va ri es  fro m
3  to  1 0  millig r a m m e s  a cco r ding  a s  t h e  b al a nc e  s hows
0.1  o r  0 .5  millig r a m m e.   As t h e  di al h a s  1 0  divisions
on  e a c h  sid e  of t h e  c e n t r al  m a rk,  w e  t h u s  e s ti m a t e,
wi tho u t  t e n t a tives,  t h e  t h r e e  las t  c e n tig r a m m e s  o r
t h e  las t  d e cig r a m m e,  a c co r ding  to  t h e  s e n si tive n e s s.

At t his  m o m e n t  t h e  doo r s  of t h e  c a g e  a r e  close d,  in
o r d e r  to  p r eve n t  d r a u g h t s  of air, t h e  g a s  is t u r n e d
on  by m e a n s  of a  r e g ula ting  cock, a n d  t h e  b al a nc e
is m a nip ula t e d  by fir s t  low e rin g  t h e  b e a m  a n d  t h e n
b ringing  t h e  p a n s  to  a  s t a n d s till.  We t h e n  r e a d
t h e  diffe r e nc e  of t h e  divisions  t r av e r s e d  to  t h e  lef t
a n d  righ t  u po n  t h e  lu minous  di al t h ro u g h  t h e  im a g e
of t h e  r e ticul e.   The  im a g e s  a r e  r eve r s e d  u po n
t h e  di al, b u t  p r a c tic e  soon  c a u s e s  t his  p e t ty  difficul ty
to  dis a p p e ar.  This  n u m b e r  of divisions  indica t e s
t h e  n u m b e r  of millig r a m m e s  a n d  fr ac tions  of a  millig r a m m e
by w hich  it  is n ec es s a ry to  s hift  t h e  cou n t e r poise
on  it s  a r m  in o rd e r  to  ob t ain  a  p e rfec t  e q uilib riu m,
w hich  la t t e r  is ve rified  by  a  sim ple  r e a ding.  
Eve ry h alf division  of t h e  dial co r r e s po n d s,  a s  to
w eig h t ,  to  t h e  s e n si tive n e s s  indica t e d  for  t h e  ins t r u m e n t .
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With  a  lit tl e  p r a c tice  a  w eighing  effec t e d  a s  a bove
d e sc rib e d  t ak e s  b u t  a  q u a r t e r  o r  a  fifth  of t h e  ti m e
t h a t  it do e s  wi t h  a n  o r din a ry b al a nc e.—R e v u e
Ind us t rielle.
*       *       *       *  
    *

STARCHES FOR THE FINISHING OF COTTON 
FABRICS.

The  s t a r c h e s  h ave  b e e n  cla s sified  by  Dr. M u t er, a cco r ding
to  t h e  a p p e a r a n c e  t h ey give  u n d e r  t h e  mic roscop e,
in to  five g ro u p s:  

Class  I.—Hilu m  a n d  conc e n t ric  r in gs
visible.   All t h e  g r a n ule s,  oval o r  ova t e .  
Tous-le-m ois,  po t a to,  a r ro w roo t ,  e t c .

Class  II.—The  conc e n t ric  r i ng s  a r e
all b u t  invisible,  t h e  hilu m  is s t ell a t e .   M aize,
p e a ,  b e a n,  e t c .

Class  III.—The  conc e n t ric  r in gs
a r e  all b u t  invisible,  a lso  t h e  hilu m  in t h e  m ajo ri ty
of g r a n ules .   Wh e a t ,  b a rl ey, rye,  ch e s t n u t ,  e t c .

Class  IV .—All t h e  g r a n ules  t r u n c a t e d
a t  on e  e n d.   S a go,  t a pioc a,  e t c .

Class  V .—All t h e  g r a n ule s  a n g ul a r
in for m.  Rice,  t a cc a ,  a r ro w roo t ,  oa t s ,  e t c .

The  p rincip al s t a r c h e s  u s e d  for  finishing  co t ton  fab rics
a r e  po t a to  (fa rin a), w h e a t ,  Indian  co r n  (m aize), r ic e,
t a pioca ,  a r ro w roo t ,  s a go; t h e  las t  t h r e e  no t  so  oft e n
a s  t hos e  p r eviously n a m e d.
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[Illus t r a tion:  POTATO STARCH.]

[Illus t r a tion:  ARROWROOT STARCH.]

[Illus t r a tion:  WHEAT STARCH]

[Illus t r a tion:  RICE STARCH]

[Illus t r a tion:  SAGO STARCH]

[Illus t r a tion:  INDIAN CORN  STARCH]

[Illus t r a tion:  TAPIOCA STARCH]

*       *       *       *  
    *

MARBLE AND MOSAIC.

[Footno t e:   A p a p e r  r e c e n tly r e a d  b efo r e  t h e  Archi t ec t u r al
Associa tion,  Londo n.—Fro m  t h e  Archit ec t .]

By T.R.  SPE NCE.

I do  no t  p ropos e  to  e n t e r  in to  a ny his to rical d e t ails
a s  to  t h e  fi r s t  a n d  s u b s e q u e n t  a p plica tion  of m o s aics.  
In  a  g e n e r al  s e n s e  w e  u n d e r s t a n d  m os aic  a s  a  co m bin a tion
of va rious  m o r e  o r  les s  imp e ris h a ble  m a t e ri als—fixed
tog e t h e r  by c e m e n t  o r  o t h e r  a d h e sive  s u bs t a nc e s—a n d
laid  ove r  w alls, floors,  e t c ., wi th  a  view to
p e r m a n e n t  d e co r a tive  effec t.   The  s u bs t a nc e  of
t h e  t e s s e r a e  is of m a ny kinds,  n a m ely, gl a s s,  c h e a p
a n d  p r e cious  m a r ble s,  h a r d  s to n e ,  a n d  b u r n t  cl ay, t h e s e
m e n tion e d  b ein g  m ainly in u s e  for  a r c hi t ec t u r al  p u r pos e s.  
For  d e co r a tive  sc h e m e s  w e  collec t  a s  m a ny  g r a d a tions
of colo r  a s  a r e  ob t ain a ble  in s uc h  d u r a ble  m a t e ri als
in  t h ei r  n a t u r al  o r  m a n ufac t u r e d  s t a t e ,  a n d  t h us  for m
a  colo r  p al e t t e  w hich  w e  r e g a r d  in t h e  s a m e  s e n s e
a s  a  p ain t e r  wo uld  his  pig m e n t s.
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Of cou r s e,  t h e  fi r s t  p roc e e ding  is to  p r e p a r e  a  d e sig n
on  a  s m all s c ale ,  w hich  s h all e m b r a c e  you r  no tions
of colo r  only.  The n  follows  a  full-sized  c a r too n,
w hich  I n e e d  h a r dly a d d  s h all e m b r a c e  you r  b e s t  effor t s
in  d r a win g.   A t r a cin g  is m a d e  of t h e  la t t e r  a n d
t r a n sfe r r e d  to  s h e e t s  of c a r d bo a r d .   This c a r d bo a r d
is c u t  to  t h e  size  of c e r t ain  s ec tions  of you r  d e sig n,
a n d,  for  co nve nie nc e,  s ho uld  no t  b e  m o r e  t h a n ,  s ay,
2 0  in. s q u a r e .   Of cou r s e,  it  will no t  alw ays  b e
s q u a r e ,  b u t  will b e a r  t h e  s a m e  r el a tion  to  you r  co m ple t e
c a r toon  a s  a  m a p  of t h e  cou n tie s  wo uld  to  t h a t  of
all E n gla n d.   N ow, wo rking  fro m  t h e  s m all d e sig n
(of colo r), t h e  t e s s e r a e  a r e  c u t  to  t h e  for ms  r e q ui r e d,
laid  face  dow n w a r d,  a n d  glu e d  on  to  t h e  c a r d bo a r d
s ec tions  con t aining  you r  e nla r g e d  c a r too n.   Whe n
t h e  d e sign  is all wo rk e d  ou t  on  t h e s e  s ec tions  t h ey
a r e  r e a dy for  fixing  on  w alls  o r  floor  by laying  t h e m
ho m e  on  a  floa t  of c e m e n t.   Wh e n  t h e  ce m e n t  s e t s ,
t h e  c a r d bo a r d  s ticking  to  t h e  face  is w a s h e d  off, a n d
t h e  join t s  of t e s s e r a e  flus h e d  ove r  wi th  ce m e n t  a n d
cle a n e d  off, le aving  all join t s  filled  u p  level.

The r e  a r e  o th e r  p roc e s s e s  u s e d  for  t h e  s a m e  e n d.  
The  t ec h nic al p roc e s s e s  n e e d  no t  occu py ou r  a t t e n tion
a t  p r e s e n t .   The r e  is on e  p roc es s  t h a t  m ay  a p p e al
to  you, a n d  t h a t  is exec u ting  t h e  wo rk  in  si t u
by floa ting  on  a  limit e d  exp a n s e  of c e m e n t,  a n d  s ticking
on  t h e  t e s s e r a e  a t  onc e .   I t  h a s  t h e  a dva n t a g e
of e n a bling  t h e  a r ti s t  o r  a r c hi t ec t  to  s e e  t h e  effec t
of his  effo r t s  u n d e r  t h e  fixed  con di tions  of ligh t
a n d  h eig h t .

I s h all confine  mys elf to  vit r eous  o r  gla s s  m os aic,
w hich  for  d u r a bili ty, ex t e n d e d  sc al e s  of p ri m a ry colo r s
a n d  t h ei r  n u m e ro u s  s e mi-t r a n s p a r e n t  g r a d a tions  is
u n e q u ale d  by  a ny s u bs t a nc e  ye t  u s e d  for  w all o r  floor
d eco r a tion.   I a m  s u r p ri s e d,  h aving  all t h e s e  fine
q u ali ti es,  i t is no t  m o r e  u s e d  by a r c hi t ec t s .  
If you  r e q ui r e  p roofs  of it s  t riu m p h s,  go  to  S t .  M a rk’s,
of Venice,  a n d  s t a n d  u n d e r  i ts  m ellow gold e n  roof. 
The r e  you will find  it s  do m e s  a n d  vaul t e d  ai sle s,  n ave
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a n d  t r a n s e p t s  e n ti r ely ove rl aid  wi t h  gold  m o s aic,
in to  w hich  g ro u n d  is wo rk e d—in t h e  d e e p e s t
a n d  rich e s t  colo r s  a n d  t h ei r  g r a d a tions  t h a t  con t e m po r a ry
m a n ufac t u r e r s  could  p ro d uc e—s u bjec t s  s elec t e d
fro m  t h e  c r e a t ion  dow n  to  t h e  life  of Ch ris t ,  in a d di tion
con t aining  a  co m ple t e  alp h a b e t  of e a r ly Ch ris ti a n
sy m bolis m.  The  roof s u rfac e s  b ein g  on e  s ucc es sion
of ove r-a r c hing  c u rve s  b e co m e  r e c e p tive  of inn u m e r a ble
w aves  of ligh t  a n d  b ro a d  u ni ti es  of sof t  s h a dow s,
giving  t h e  w hole  a n  inco m p a r a ble  q u ali ty of ton e  a n d
low juicy color.

N eve r  u s e  you r  gold  b u t  on  c u rve d  o r  u n d ula ting  s u rfac e s.  
Fl a t  pl a n e s  of gold  only give  t h e  effec t  of a  m o no to no us
m e t allic yellow, a n d  c a n  n eve r  b e  b e a u tiful, owing
to  t h e  a b s e nc e  of t h e  va ri a tions  t h a t  co m e  wi th  w aves
of s h a dow.  By le t ting  ou t  t h e  r ein s  of im a gin a tion
w e  mig h t  feel t h a t  in t his  a  t e n t h  c e n t u ry  Giorgion e
h a s  give n  off t h e  m e n t al  imp r e s sions  of all t h e  golde n
a u t u m n  of his  life.  His  m a t e ri al g ave  hi m  a n
a dva n t a g e  ove r  his  g r e a t  follow e r s  of t h e  fift ee n t h
a n d  sixt e e n t h  c e n t u ri e s,  inso m u c h  t h a t  gl a s s  h a s  a
living  a n d  glowing  q u ali ty of ligh t  no t  exis ting  in
t h e  so m e w h a t  clou d e d  p u ri ty of oil o r  fr e sco.
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In  S t .  M a rk’s w e  h ave  a n  ex a m ple  of t h e  s u p e r b
t r e a t m e n t  in d e e p e s t  a n d  m o s t  Titi an e s q u e  sc al e s  a p plied
to  c u rve d  for m s,  b u t  to  find  a  simila rly co m ple t e
exa m ple  of t h e  u s e  of ligh t e r  ton e s  a n d  on  fla t  s u rf ac e s ,
w e  m u s t  t u r n  to  R ave n n a.   I c a n  give  you  no  a d e q u a t e
d e sc rip tion  of t h e  w all m o s aics  of R ave n n a .   In
t h e  s e n s e  of d elica t e  colo r  t h ey r e min d  m e  of so m e
of t h e  s u b tile  h a r m o nie s  of m a ny  of t h e  fines t  wo rks
of t h e  m o d e r n  F r e nc h  sc hool—of t h e  Im p r e ssionis t s
a n d  o th e r s  w ho  co m bin e  t h a t  q u ality wi t h  a  t r u e  ins tinc t
for  d e sig n.   In  s t a n din g  b efor e  t h e m  you  feel t h a t
t h e  Da g n a n  Bouve r e t s ,  t h e  M e r so ns,  t h e  Cazins,  t h e
P uvis d e  Ch ava n n e s ,  e t c ., of t h e  fifth  c e n t u ry
h ave  h a d  a  h a n d  in t h e  conc e p tion  a n d  r e aliza tion
of t h e  b e a u tiful co m posi tions  to  b e  foun d  on  t h e  n ave
w alls  of t h e  t wo  c h u r c h e s  of S t .  Appollina r e  N uovo
a n d  S t .  Appollina r e  in  Class e .   H e r e  all t h e  sc al e s
a r e  of d elica t e  d e g r e e s  of ligh t  ton es ,  s u p r e m e  in
t h ei r  b e a u ty, co m ple t e n e s s ,  a n d,  m os t  impor t a n t  to
u s ,  t h ei r  t r u e  d e co r a tive  ins tinc t.   In  t h e  Bap tis t e ry
w e  find  w h a t  I m ay  t e r m  a  t hi rd  e s s ay  in color, by
w e aving  in  rich,  d a rk,  a n d  glowing  colo r s  on  figu r e s
a n d  bold  sin uo us  for m s  of o r n a m e n t  in s uc h  a  skillful
a n d  judicious  m a n n e r  t h a t  t h e  w hole  do m e  s e e m s  to
b e  alive  wi th  h a r m o nie s,  a l t ho u g h  t h ey a r e  m os tly
p ri m a ri e s.

As you  know, r ul e s  for  t h e  dis posi tion  of colo r  a r e
fu tile, ye t  so m e  d e t ails  t h a t  s t r uck  m e  a s  e min e n tly
s a tisfac to ry m ay  int e r e s t  you.  In  all c a s e s  t h e
t e s s e r a e  a r e  of s m all di m e nsions ,  a bo u t  a  q u a r t e r  of
a n  inch  s q u a r e .   The  s t ucco  join t s  a r e  la rg e  a n d
op e n,  s u rfac e s  fa r  fro m  level, b u t  u n d ula tin g  consid e r a bly. 
The  t e s s e r a e  s tick u p  in p a r t s ,  b rillian t  e d g e s  s howing.  
Abse nc e  of fla tn es s  gives  play to  t h e  ligh t .  
The  g r ay  of t h e  s t ucco  join t s  b rin gs  t h e  w hole  co m position
tog e t h er, s e rving  a s  cool g r ays  in  a  pic t u r e  to  give
t e n d e r  u ni ty.  Gold, a p a r t  fro m  b a ckg ro u n d s  a n d
la rg e  s u rfac es ,  is u s e d  ve ry cleve rly in s m all pi ec es
in bo r d e r s  of g a r m e n t s ,  a n d  m o r e  e s p e cially in  t hin
ou tline s  to  m a k e  ou t  t h e  d r a win g  a n d  c e r t ain  flowing
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for m s  of o r n a m e n t .   Brillian t  pi ec e s  of gl a s s
a c t u ally m o uld e d  a t  t h e  kiln  in to for m s  of jew els  a d d
b rilliancy to  c row n s,  bo r d e r s,  e t c .  Thes e
s tick boldly ou t  fro m  t h e  s u rfac e.   I no tic ed
in t h e  Bap tis t e ry b elow t h e  s p rin gin g  of t h e  do m e  a
frieze  a bo u t  2  ft. 6  in. d e e p,  h aving  t h e  g ro u n d  e n ti r ely
in bl ack,  t h ro u g h  w hich  w a s  wove n  in t hin  gold  line s
a  d elica t e  folia t e d  d e sign.   This, in conjunc tion
wi th  t h e  u p p e r  s u rfac e s  in d a rk,  r ich  color, h a d  a
m os t  d eligh tful effec t.

We, a s  s t u d e n t s ,  c a n  lea r n  m o s t  fro m  t h e  R ave n n a  exa m ples,
for  g r e a t  a r e  t h e  n e e d s  of ligh t  a n d  silve ry colo r
in t his  cou n t ry, w h e r e  g r ay  a n d  gloo my d ays  fa r  ou t n u m b e r
t hos e  in w hich  t h e  s u n  gives  libe r ally of his  ligh t .  
I m ay  s ay, in p a s sing,  a s  ou r  s u bjec t  is r e ally a  m a t t e r
of d e co r a tion,  t h a t  ou r  nin e t e e n t h  c e n t u ry effo r t s
in  t his  di r ec tion  a r e  all of a  so m e w h a t  gloo my t e n d e n cy. 
We fill ou r  roo m s  wi th  imi t a tions  of so m b e r  S p a nis h
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le a t h er, s t ain  a n d  p ain t  ou r  woodwork  in le a t h e ry  a n d
m u d dy ton e s,  to  a r rive  a t  w h a t  is now  a  so r t  of d e co r a to r’s
god.   Qu ain t n e s s  is t h e  n a m e  of t h a t  god.  
M a ny a r e  t h e  sin s  for  w hic h  h e  h a s  to  a n s w er. 
H a d  w e  no t  b e t t e r  wo r s hip  a  d ei ty c alled  b e a u ty, w hos e
plac e  is a  li t tle  hig h e r  u p  Pa r n a s s us?   Why s hould
w e  no t  in ou r  e n d e avo r s  a t t e m p t  in  so m e  m e a s u r e  to
t r a n sfix t h e  b rillian t  h a r m o nie s  t h a t  follow t h e  s u n
in hi s  libe r al  a n d  g r a cious  cou r s e?   This  m u d dy
q u ain t n e s s  is ce r t ainly ple a s a n t  for  b ri ef p e riods,
w h e n  la m ps  a r e  low a n d  fir e  ligh t  gilds  a n d  d e e p e n s
its  p a r t s .   Tu rn  t h e  s u nligh t  on  t h e s e  so-c alle d
t riu m p h s  of t h e  m o d e r n  d e co r a to r’s a r t ,  a n d  t h e n
you  feel t h e  lack  of m a ny  a  p h a s e  of colo r  t h a t  mig h t
h ave  b e e n  bo r row e d  fro m  t h e  t ho us a n d  a n d  on e  exa m ples
t h a t  in n a t u r e  h e  vivifies  a n d  m a k e s  b rillian t .

Refe r rin g  a g ain  to  t h e  Rave n n a  m os aics,  I c a n  only
a d d  t h a t  a t  t h e  p r e s e n t  d ay  a n  ex t e n d e d  p al e t t e  of
colo r e d  gl a s s  is av ailable.   The  t ec h nic al difficul tie s
a r e  no t  g r e a t ,  a n d  t h e r e  is no  q u e s tion  a s  to  t h e
fine  q u ali tie s  of d e sign  a n d  colo r  t h a t  a r e  to  b e  ob t ain e d
in t his  m a t e r ial.  The  g r e a t  poin t  in t his,  a s
in all o t h e r  sc h e m e s  of d e co r a tion,  is t h e  a r t ,  t h e
m e n t al  q u ali ty of conc e p tion,  a n d  t h e  s e ns e  of colo r
a n d  fitne s s.   If w e  hold  t h e  p r e cious  h e ri t a g e
of a n  a r ti s t’s mi n d—t h a t  divine  a n d
r a r e  so m e t hin g  w hich  gives  for m, color, a n d  co m ple t e n e s s
to  a  s to ry, a  d r e a m  or  a  vision—t h e n  ve ry
lit tle  difficul ty follows  in m a king  vit r eo us  m o s aic
a  value d  s e rv a n t  in t h e  r e aliza tion  of a  fine  c r e a tion.

It  is t h e  func tion  of a r c hi t ec t s  to  d e sign  s ui t a ble
s p ac e s  for  colo r  d e co r a tion,  so  bo u n d  in by  dignified
m o uldings  a n d  o t h e r  d e t ails  of hi s  cons t r uc tive  a r t ,
in  s uc h  a  m a n n e r  t h a t  t h e  a d di tion  of d e co r a tive  colo r
s h all in no  w ay m a r  t h e  sc h e m e  of his  co m ple t e  work,
b u t  s h all (und e r  t h e s e  w ell o r d e r e d  dis t rib u tions)
h ave  s e t  on  t h e m  t h e  s e al a n d  c row n  of colo r  w hic h
is ins e p a r a ble  fro m  a  p e rfec t  pi ec e  of a r c hi t ec t u r e .  
In  s uc h  s p a c es  h e  m ay  d r e a m  his  d r e a m s,  t ell his  s to ri e s,
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a n d  s t a m p  on  t h e m  for  c e n t u ri es  his  s u b tiles t  a n d
divines t  t ho u g h t s.   M ay I no t  u r g e  t h a t  to  s uc h
s p ac e s  m u s t  b e  give n  t h e  b e s t  t h a t  is in  you? for  onc e
plac e d  so  s h all t h ey r e m ain  u nc h a n g e d  t h ro u g h  g e n e r a tions,
ti m e  b eing  pow e rl e s s  to  a d d  a ny m ellow g a r m e n t  of
ton e  o r  sof t e nin g  q u ali ty w h a t ever.

I mis took t h e  ti tle  of t h e  s u bjec t  in t hinking  t h a t
it  w a s  m os aic  only, a n d  a t  t h e  las t  m o m e n t  foun d  it
w a s  m a r ble  a n d  m os aic.  Ho w ever, t h e  s a m e  do min a n t
p rinciple s  s h all u n d e rlie  t h e  t r e a t m e n t  of m a r ble.  
I t  is a  q u e s tion  of t h e  fine r  ins tinc t s  for  for m  a n d
color.

In  r e c e n t  ye a r s  t h e  d e m a n d  for  c hoice  d eco r a tive  m a t e ri als
h a s  b e e n  t h e  m e a n s  of op e nin g  ou t  m a ny m a r ble  q u a r ri e s
all ove r  t h e  wo rld.   Tra nsi t  b eing  e a sy, a  la r g e
sc al e  of va rie tie s  is av ailable.   On e  fine  a d di tion
is t h e  M exica n  onyx.  My feeling  is t h a t  t h e  m os t
b e a u tiful m a r bles  a r e  t hos e  w h e r e  t h e  soft  a n d  sin uous
veins  m el t  a n d  die  in to  t h e  g e n e r al  bo dy, co m p a r a tively
s h a r p  m a r kings  dying  righ t  a w ay a t  t h e  e d g e s  in to
innu m e r a ble  g r a d a tions.   M a r ble s  h aving  s t ro n g
a n d  h a r dly m a rk e d  veins  p r e s e n t  g r e a t  difficul ties
in dis t ribu tion.   If t h ey a r e  n e ar, t h ey  offen d
you  wi th  t h ei r  co a r s e n e s s;  a n d,  plac e d  a t  a  di s t a nc e,
t h e  h a r d  vein  line s  h ave  ve ry lit tle  d eco r a tive  valu e.  
I s hould  s ay  u s e  t h e s e  in  n a r row  slips,  wi th  ve ry
lit tle  m o ulde d  p rofile  o r  a s  p a r t s  of in t azzio.
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Mo uldings  s hould  b e  s p eci ally d e sign e d  for  diffe r e n t
m a r ble s.   I s hould  s ay  m ainly on  t h e  p rinciple
of s u d d e n  con t r a s t s;  t h a t  is,  la rg e  m e m b e r s  wi t h  ve ry
lit tle  c u rve  bo u n d  wi th  m e m b e r s  ve ry s m all in  d e t ail,
t h u s  ob t aining  s h a r p  line s,  h aving  lit tle  s u rfac e
to  b e  influe nc e d  o r  dis to r t e d  by t h e  vein e d  m a rkings,
a n d  s e rving  to  s h a r p e n  u p  a n d  give  for m  to  t h e  b ro a d e r
m e m b e r s  (which  s how  t h e  colo r  q u ali tie s  of t h e  m a r ble),
m u c h  a s  you  s h a r p e n  u p  a n  ink d r a win g  by u n d e rlining.  
The s e  s m all m e m b e r s  s e rve  t h e  a r c hi t ec t’s  p u r pos e
for  t h e  exp r e s sion  of ve r tical a n d  ho rizon t al line s,
a n d  w h e r e  d e cisive  a n d  c u t tin g  s h a dow s  a r e  r e q ui r e d
in t h e  co m position  of hi s  work.

If d elic a t e  c a rving  for m s  p a r t  of you r  d e sign,  I s ho uld
s ay s t a t u a ry  is t h e  b e s t ,  a s  you  h ave  no  veins  to
dis to r t  you r  d e t ail.  I n e e d  h a r dly a d d  t h a t  e cono my
s ho uld  b e  s t u die d  in u sing  p r e cious  m a r ble s,  wi thou t
inju ring  t h e  d u r a bili ty of t h e  work.   Con to u r s
m ay b e  b uil t  u p  in  t hin  s e c tions.

In t azzio is a  b e a u tiful for m  of t r e a tin g  m a r ble  on
a n  inexp e n sive  g ro u n d.   Ge m-like  effec t s  m ay  b e
ob t ain e d  by inlaying  wi th  s m alle r  pi ec es ,  following
s uc h  o r n a m e n t al  for m s  a s  you r  inven tive  b r ains  s h all
dic t a t e .   Pe r h a p s  t h e  pocke t s  of you r  clien t s  will
b e  t h e  c hief dic t a tor.

H e r aldic  e m blazonings,  inlaid  in m a r ble,  a r e  hig hly
effec tive.   The  con di tions  of t h e  h e r ald ry n e c e s si t a t e
t h e  u s e  of m a ny va rie ti e s,  b u t  in s uc h  s m all q u a n ti ti es
t h a t  on  a  la rg e  si m ple  field  t h ey a r e  r a r ely ou t  of
h a r m o ny.  In  a d di tion  t h ey m a p  ou t  a  la r g e  a n d
int e r e s ting  va ri e ty t h a t  will s ave  t h e  wor ry of c r e a tion
of d e sign s  co min g  e n ti r ely fro m  you r  ow n  b r ain,  a n d
you  know  t h e  wo r ry of a n  a r c hi t ec t’s life  m a k e s
hi m  h ail wi th  ple a s u r e  a t  tim e s  a  r e s t  fro m  t h e  s t r ain
of c r e a tion.   This h e r aldic wo rk  m ay  b e  s e e n  to
p e rfec tion  in t h e  c h a p el  of t h e  to m b s  of t h e  M e dici
a t  Flo r e nc e .

82



At t h e  Pit ti Palac e  a r e  so m e  t a ble s  w hich  you m ay
know w h e r e  m a r ble  in t azzio c a n  no  fu r t h e r  go.  
Alab a s t e r  do e s  no t  a p p e al  to  m e ,  it is so m e w h a t  s u g a ry
in r e s ul t s.   If you a r e  for tu n a t e  e no u g h  to  h ave
a  sc ulp to r  w ho  is a  so r t  of nin e t e e n t h  c e n t u ry Don a t ello,
le t  hi m  wo rk  his  will on  s t a t u a ry  o r  s uc h  r e s tful
m a r ble.

The  cel eb r a t e d  m o n u m e n t  in  t h e  ch u rc h  of S. Giova n ni
Pa ulo, a t  Venice,  w hich  Ruskin  s ays  is t h e  fine s t
m o n u m e n t  in t h e  wo rld,  if my  r e collec tion  s e rves  m e
co r r ec tly, is in w hi t e  m a r ble,  a n d  it s  b e a u ty  co m e s
e n ti r ely fro m  t h e  sc ulp to r’s a r t .   S uc h  m o n u m e n t s
give  you  m u c h  b e t t e r  t h a n  a ny wor d s  of min e  a m pl e
s u g g e s tions  for  m a r ble  t r e a t m e n t .   I m ay q uo t e
s uc h  n a m e s  a s  Nicolo Pisa no  a n d  Verocchio.

P ho tos  of so m e  of t h ei r  work  I h ave  b ro u g h t .  
N o t e  Pis a no’s b e a u tiful w hi t e  al t a r  a t  Bologn a,
a n d  Min a  d e  Fie sole’s wo rk  in Flo r e nc e .  
They all s how  t h e  sc ulp to r  a s  s u p r e m e.   Why s ho uld
no t  w e  e n cou r a g e  individu al youn g  sc ulp to r s  m o r e?  
Give  t h e m  po r tions  of you r  wo rk  in w hich  t h ey c a n
p u t  all t h e  fe rvor  a n d  e n t h u si as m  of youn g  m a n hood.  
Their  pow e r s  m ay  no t  b e  rip e,  b u t  t h ey poss e s s  a  ve rve
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a n d  in t e nsi ty t h a t  m ay  h av e  for eve r  fled  w h e n  in la t e r
ye a r s  t h e  im a gin a tion  is les s  e n t h u sia s tic  a n d  t h e
p uls e s  slow er.  I a m  s u r e  t h e r e  a r e  m a ny  you n g
sc ulp to r s  now  w a n ting  co m mis sions  w ho  h ave  b e e n  t r ain e d
a t  t h e  a c a d e my, a n d  b e t t e r  s till, in t h e  b e s t  F r e n c h
sc hools.  I m ain t ain  t h a t  t h e  con t e m po r a ry  F r e n c h
sc hool of sc ulp t u r e  is in it s  line  e q u al  to  a ny sc hool
of sc ulp t u r e  t h a t  h a s  ev e r  exis t e d,  no t  exc e p tin g
t h a t  of P hidia s  o r  t h a t  of t h e  It ali an  Re n ais s a n c e
of t h e  fift e e n t h  a n d  sixt e e n t h  c e n t u ri e s.   I b elieve
his to ry will confi r m  t his.   Why no t  give  t h es e
m e n  a n  oppo r t u ni ty, a n d  h elp  on  t h e  m ove m e n t  to  foun d
a  t r uly E n glish  sc hool of sc ulp t u r e ,  r a t h e r  t h a n  give
all s uc h  wo rk  to  t r a din g  firm s  of c a rve r s,  w ho  will
do  you  a ny n u m b e r  of s u p e rficial fee t ,  p ro p e rly p rice d
a n d  sc h e d ule d,  a n d  in t h e  bills  of q u a n ti tie s,  of
a ny s tyle  you  ple a s e ,  fro m  p r e his to ric  to  Victo ri an
Got hic?  Of cou r s e ,  t his  is ou r  Bri ti sh  w ay of
foun ding  a  g r e a t  sc hool.

The r e  is on e  m e t ho d  of t r e a t m e n t  t h a t  a p p e als  to  m e
ve ry s t ro n gly, a n d  t h a t  is t h e  a p plica tion  of colo r e d
m e t al s  to  m a r ble,  m o r e  e s p e cially b ro nz e  a n d  cop p er. 
I m ay  q uo t e  a s  a  s ucc e ssful ex a m ple  n e a r  t h e  Welling ton
M e m o rial a t  S t .  Paul’s.  Anoth e r  s u g g e s tion—al tho u g h
it  is no t  u s e d  in  co m bin a tion  wit h  m a r ble,  b u t  it
n eve r t h el e s s  s u g g e s t s  w h a t  mig h t  b e  do n e  in t h e  w ay
of b ro nz e  p a n els—t h a t  is, t h e  Fawc e t t  M e m o rial,
by  Gilbe r t ,  in t h e  w es t  c h a p el  a t  Wes t mins t e r  Abbey.

*       *       *       *  
    *

THE ST. LAWRENCE HOSPITAL FOR THE INSANE.

The  S t .  Law r e nc e  S t a t e  Hos pit al  a t  Ogd e n s b u r g,  N.Y.,
is a  c e n t e r  of p u blic, p rofe ssion al, p hila n t h ropic,
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a n d  legisla tive  in t e r e s t .   Thou g h  p rojec t e d  in
a dva nc e  of t h e  a do p tion  of t h e  sys t e m  of S t a t e  c a r e
for  t h e  ins a n e,  it w a s  op e n e d  a t  a  tim e  to  m a k e  it
co m e  u n d e r  clos e  obs e rv a tion  in r el a tion  to  t h e  q u e s tion
of S t a t e  c a r e ,  a n d  t h e  frie n ds  of t his  d e p a r t u r e  fro m
t h e  inefficien t ,  of t e n  al mos t  b a r b a ro u s  p rovisions
of cou n ty ho us e  confine m e n t  could  h ave  no  b e t t e r  ex a m ple
to  poin t  t h e  exc elle nc e  of t h ei r  t h eo rie s  t h a n  t his
n e w  a n d  p ro g r e s sively pl a n n e d  S t a t e  hos pi t al. 
The  m e m b e r s  of t h e  S t a t e  Lun acy Co m mission  a n d  Miss
Sc h uyle r  a n d  h e r  collea g u e s  of t h e  S t a t e  Ch a ri ti es
Aid Socie ty, w ho  foug h t  t h e  S t a t e  c a r e  bills  t h ro u g h
t h e  Legisla t u r e  t his  win t e r  a n d  in 1 8 9 0,  wo uld  b e
r e p aid  for  all of t h ei r  t ro u ble  by  con t r a s ting  t h e
con di tion  of t h e  inm a t e s  of t h e  S t.  Law r e nc e  S t a t e
H os pi t al  wi t h  t h e  s t a t e  t h ey w e r e  in u n d e r  t h ei r  for m e r
c us todia ns ,  t h e  cou n ty office r s  of t h e  no r t h e r n  N e w
York cou n ti es.   At t h e  b e s t ,  eve n  w h e n  t h e s e  officials
r e alized  t h e  r e s po nsibility of t h ei r  c h a r g e  a n d  w e r e
a c t u a t e d  by h u m a n e  imp uls e s,  t h e  cou n ty ho us e s  offe r e d
no  ch a nc e  of r e m e dial t r e a t m e n t .   Cus to dy a n d
m ain t e n a nc e,  t h e  for m e r  m ainly a  r eli a nc e  on  force ,
t h e  la t e r  oft e n  of sc a n t  p rovision,  w e r e  t h e  s u m  to t al
of w h a t  w a s  d e e m e d  n e c e s s a ry  for  t h e  lun a tics.  
In  t h ei r  n e w  e nviron m e n t  t h ey  find  eve ryt hin g  a s  diffe r e n t
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in  a cco m mo d a tions  a n d  t r e a t m e n t  a s  t h e  wor d  hos pit al
in  t h e  ti tle  of t h e  ins ti t u tion  is diffe r e n t  in sou n d
a n d  sig nifica nc e  fro m  t h e  ho p e-di sp elling,  soul-chilling
n a m e s  of “a sylu m,” “m a d  ho u s e ,”
a n d  “be dla m” for m e rly give n  to  all r e t r e a t s
for  t h e  m e n t ally afflict e d.   They find,  a n d  it
is a n  e n cou r a gin g  fea t u r e  of t h e  pl a n  t h a t  so  m a ny
of t h e m  q uickly s e e  a n d  a p p r e ci a t e  it, t h a t  t h ey  a r e
con sid e r e d  a s  s uffe r e r s  fro m  dise as e  a n d  no t  fro m  d e mo niac al
pos s e ssion.   The  r e m a r k a ble  r a n g e  of cla s sifica tion
p rovide d  for, t h e  a d a p t a bili ty of cons t r uc tion  to
t h e  diffe r e n t  cla s sifica tions,  t h e  r eli a nc e  on  occu p a tion,
t h e  d e p e n d e n c e  on  t r e a t m e n t ,  a n d  t h e  s u bo r din a tion
of t h e  cus to dial fea t u r e ,  exc e p t  w h e r e  a  wis e  cons e rva tis m
d e m a n d s  it s  r e t e n tion,  a r e  a p p a r e n t  alike  to  in m a t e s
a n d  visi to r s.

This  hos pi t al is co m ple t e  a s  to  pl a n s,  a n d  a s  to  t h e
pow e r  pl a n t ,  d r ain a g e,  a n d  s u b w ay cons t r u c tion  n e c e s s a ry
for  t h e  1,5 0 0  p a ti e n t s,  t h a t  t h e  legisla t u r e  h a s  p rovide d
for  in it s  law e s t a blishin g  t h e  ins ti t u tion.  
Buildings  a r e  al r e a dy finish e d  a n d  occu pie d  t h a t  a c co m m o d a t e
2 0 0  inm a t e s,  a n d  t h e  con t r a c to r s  h av e  n e a rly finish e d
p a r t  of t h e  c e n t r al  g ro u p  t h a t  will b ring  t h a t  n u m b e r
u p  to  n e a rly 1,30 0.   The  a p p ro p ri a tion  a sk e d  for
t his  ye a r  by  t h e  m a n a g e r s  will b e  sc al ed  dow n  conside r a bly
by Mr. M cClellan d,  t h e  ve ry e cono mic al c h ai r m a n  of
t h e  Ways a n d  M e a n s  Co m mit t e e  of t h e  De moc r a tic  Asse m bly. 
Bu t,  u nl e s s  h e  h a s  misc alcula t e d ,  t h e r e  will b e  m o n ey
e no u g h  to  c a r ry on  t h e  wo rk  of cons t r uc tion  to  a dv a n t a g e
for  t h e  year.  An a p p ro p ri a tion  s ufficien t  to
co m ple t e  t h e  b uildings  a t  onc e  w a s  t ho u g h t  by  m a ny
to  b e  t h e  wise s t  e cono my, b u t  big  figu r e s  in a n  a p p ro p ri a tion
bill h ave  ve ry lit tl e  c h a n c e  t his  ye ar.  The  bill
e s t a blis hing  t h e  S t a t e  Hos pi t al  dis t ric t  a n d  p roviding
for  t h e  b uilding  of t h e  ins ti tu tion  fixed  t h e  p e r  c a pi t a
cos t  of cons t r uc tion,  includin g  t h e  p u r c h a s e  of lan d,
a t  $ 1 ,15 0,  a n d  t h e  pla ns  h av e  b e e n  m a d e  on  t h a t  b a si s
for  1 ,50 0  p a tie n t s.   Bu t  if t h e  n e e d s  of t h e  di s t ric t
s ho uld  r e q ui r e  i t, t h e  c a p a ci ty could  b e  inc r e a s e d
by a n  al mos t  ind efini t e  ext e n sion  of t h e  sys t e m  of
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ou tlying  colony g ro u p s  a t  a  ve ry s m all p e r  c a pi t a
cos t ,  a s  t h e  c e n t r al  g ro u p  is by  fa r  t h e  m o s t  exp e n sive
in cons t r u c tion.

The  a d minis t r a tion  g ro u p  in p a r t ,  a n d  on e  ou tlying
g ro u p,  wit h  t h e  g e n e r al  ki tc h e n,  b a k e ry, wo rks ho p,
lau n d ry, e m ployes’ d w elling  ho us e,  pow e r  ho us e,
a n d  p u m ping  s t a tion,  a r e  al r e a dy e r e c t e d,  a n d  h ave
a d d e d  a  fea t u r e  of a r c hi t ec t u r al  b e a u ty to  Poin t  Airy. 
This  poin t,  of it s elf of pic t u r e s q u e  a n d  ro m a n tic
b e a u ty, ju t s  in to  t h e  S t .  Law r e nc e  Rive r  a t  t h e  h e a d
of t h e  Galoup  R a pids,  t h r e e  miles  b elow Ogd e ns b u r g.  
I t  is a  p a r t  of t h e  hos pi t al fa r m  of 9 5 0  a c r e s ,  w hic h
includ e s  woodla n d,  m e a dow, fa r m  lan d,  a n d  a  m a rk e t
g a r d e n  t r a c t  of t h e  $ 1 0 0  a n  a c r e  g r a d e .   The  loca tion
of t h e  ins ti t u tion  in t h e s e  p a r ticul a r s  a n d  in r efe r e n c e
to  s alub ri ty, s e w e r a g e  facili tie s  a n d  a b u n d a nc e  a n d
exc ellenc e  of w a t e r  s u p ply, is won d e rfully a dva n t a g e o us.
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In  pl a n ning  t h e  hos pi t al  Dr. P.M.  Wise,  w ho  h a s
since  b e co m e  its  m e dical s u p e rin t e n d e n t ,  ai m e d  to
t ak e  t h e  u t m os t  a dva n t a g e  of t h e  sc e nic a n d  hygie nic
c a p a bilitie s  of t h e  si t e ,  a n d  to  im p rove  on  all p r evious
co m bin a tions  of t h e  t wo  g e n e r al  divisions  of a  mixed
a sylu m—a  hos pi t al  d e p a r t m e n t  for  t h e  conc e n t r a tion
of p rofe ssion al t r e a t m e n t ,  a n d  a  m ain t e n a nc e  d e p a r t m e n t
for  t h e  s e p a r a t e  c a r e  of t h e  c h ronic ins a n e.   H e
w a s  a nxious  to  s ec u r e  a s  m u c h  a s  pos sible  of t h e  co m p a c t n e s s
a n d  e a s e  of a d minis t r a tion  of t h e  line a r  pl a n  of co ns t r u c tion,
wi th  wings  on  ei th e r  side  of t h e  exec u tive  b uilding
of long  co r rido r s  occ u pie d  a s  d ay roo m s,  wit h  sle e pin g
roo m s  op e nin g  ou t  of t h e m  on  bo t h  side s.   But  h e
w a n t e d  to  avoid  t h e  d e p r e s sin g  influe nc e  of t hi s  m o noto nou s
s t r uc t u r e ,  a s  t h e  b e t t e r  r e s ul t s  of va rie ty a n d  inc r e a s e d
oppo r t u ni ti es  of s u b division  a n d  cl as sifica tion  a r e
w ell r ecog nize d.   H e  w a s  no t ,  ho w ever, p r e p a r e d
to  a cc e p t  w holly t h a t  a b r u p t  d e p a r t u r e  fro m  t h e  line a r
pl a n  know n  a s  t h e  “cot t a g e  pl a n,” w hich
in so m e  ins ti t u tions  h a s  b e e n  c a r ri e d  to  t h e  ex t r e m e
of e r e c ting  a  d e t a c h e d  b uilding  for  eve ry w a r d .  
The  clim a t e  of S t .  Law r e n c e  cou n ty forb a d e  t hi s. 
H e r  win t e r s  a r e  a s  vigo rous  a s  t hos e  of h e r  Ca n a dia n
n eig h bo r s,  ev e n  a s  h e r  p eo ple  a r e  al mos t  a s  e b ullien t
in  t h ei r  poli tics  a s  t h e  vigo ro us  w a r rin g  libe r als
a n d  cons e rva tives  a c ros s  t h e  river.  And t h e r e
a r e  fea t u r e s  of t h e  line a r  pl a n  t h a t  c a n  only b e  lef t
ou t  of ou r  a sylu m  s t r uc t u r e  a t  t h e  exp e n s e  of efficiency. 
Ot h e r  r ul es  t h a t  h e  for m ula t e d  fro m  his  exp e ri enc e
w e r e  t h a t  a  b uilding  for  t h e  ins a n e  s ho uld  n ev e r  exce e d
t wo s to rie s  in h eig h t;  t h a t  fir e  p roof cons t r uc tion
a n d  a t  le a s t  t wo  s t ai rw ays  fro m  t h e  u p p e r  floor s  s hould
b e  p rovide d;  t h a t  d ay  roo m s  s ho uld  b e  on  t h e  fi r s t
a n d  sle e pin g  roo m s  on  t h e  s eco n d  floor;  t h a t  all b uildings
for  t h e  ins a n e  w ho  s uffe r  fro m  slug gis h  a n d  e nfe e ble d
ci rc ula tion  of t h e  blood  s ho uld  b e  c a p a ble  of b ein g
w a r m e d  to  7 0  d e g.  in t h e  colde s t  w e a t h e r;  t h a t  a m ple
c u bic s p ac e  a n d  ven til a tion  s ho uld  b e  p rovide d;  a n d
t h a t ,  a s  fa r  a s  pos sible,  wit ho u t  too  g r e a t  inc r e a s e
of t h e  cos t  of m ain t e n a nc e  o r  s ac rificing  e s s e n ti al
p rovisions  for  t r e a t m e n t  a n d  n e c e s s a ry r e s t r ain t ,  a sylu m s
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s ho uld  ai m  to  r e p ro d uc e  t h e  con di tions  of do m e s tic
life.

[Illus t r a tion:  THE ST. LAWRENCE HO SPITAL FOR
THE INSANE.]

S t a t e  Archi t ec t  Is a a c  G. Pe r ry  pla n n e d  t h e  S t .  Law r e nc e
S t a t e  Hos pi t al  b uildings  on  ide as  s u g g e s t e d  by m e dic al
exp e ri e nc e ,  wi t h  a  b r e a d t h  of co m p r e h e n sion  a n d  a
t ec h nic al skill in co m bining  a d a p t a bility, u tili ty,
a n d  b e a u ty t h a t  h ave  a cco m plish e d  wo n d e r s.   The
b uildings  a r e  s a tisfac to ry in eve ry  p a r tic ula r  to
eve ry on e  w ho  h a s  s e e n  t h e m,  a n d  eve n  t h e  m os t  c a s u al
obs e rve r  is imp r e s s e d  wi t h  t h e  effec t  of b e a u ty. 
This  w a s  a c co m plis h e d  wi t ho u t  el a bo r a tion  of m a t e ri al,
exp r e s sive  c a rving  o r  finish.   The  o r n a m e n t a tion
is p u r ely s t r uc t u r al  a n d  is ob t ain e d  by a  h a n dling
of t h e  m a t e ri als  of cons t r uc tion  w hich  al so  yielde d
t h e  la r g e s t  p ro mis e  of s t r e n g t h  a n d  d u r a bili ty.

89



Page 50

The  ce n t r al  hos pi t al  g ro u p,  of w hich  a n  ide a  is give n
in t h e  cu t ,  no w  consis t s  of five  b uildings.   The
pic t u r e  s how s  t h r e e ,  t h e  c e n t e r  on e  a n d  t wo  of t h e
flanking  co t t a g e s  on  on e  sid e.   They a r e  m a tc h e d
on  t h e  o t h e r  sid e.   The  ce n t r al  o r  a d minis t r a tion
b uilding  is a  t h r e e  s to ry s t r u c t u r e  of Gouve r n e u r
m a r ble,  a n d,  like  all of t h e  s ton e  u s e d,  a  n a tive  S t .
Law r e nc e  cou n ty s ton e.   The  m a r ble’s bluish
g r ay  is r eli eved  by s p a rkling  c rys t alliza tions,  a n d
its  u n w ro u g h t  blocks  a r e  h a n dle d  wi th  a n  o r n a m e n t al
effec t  in t h e  pie r s ,  lin t els, a n d  a r c h e s ,  a n d  w ell
s e t  off by a  sim ple  hig h-pi tch e d  sl a t e  roof, wi th
t e r r a-co t t a  hip rolls, c r e s tings,  a n d  finials.  
The  op e n  po rc h e s  a r e  bo t h  o r n a m e n t al  a n d  u s eful, t aking
t h e  pl ac e  of pi azzas.   The  tow e r  is e m b ellish e d
wi th  a  t e r r a-co t t a  fri eze.   All a c co m m o d a tions
for  a n  exec u tive  s t aff for  t h e  1,50 0  p a tie n t s  m ay  b e
p rovide d  in t his  b uilding.

Behin d  it on  t h e  sou t h  is a  on e  s to ry b uilding  w hos e
g ro u n d  pl a n  is t h e  s e g m e n t  of a  ci rcle.   It  con t ain s
s u n  roo m s,  m e dic al offices,  g e n e r al  lib r a ry, labo r a to ry
a n d  dis p e n s a ry, a n d  t h e  co r rido r  con n e c tin g  t h e  r ec e p tion
co t t a g e s ,  on e  for  wo m e n,  on  on e  sid e,  a n d  on e  for  m e n
on  t h e  o t h er, wi th  t h e  a d minis t r a tion  b uilding.  
As t his  on e  s to ry s t r uc t u r e  is 1 7 1  fee t  by  4 1,  t h e
b uildings  know n  a s  co t t a g e s  of t h e  ce n t r al  g ro u p  a r e
m o r e  t h a n  no min ally s e p a r a t e d.   All t h e  a dva n t a g e s
of s e g r e g a tion  a n d  con g r e g a tion  a r e  co m bin e d.

The  r e c e p tion  co t t a g e s  a r e  of p ale  r e d  Pots d a m  s a n d s to n e.  
Their  sim ple  cons t r uc tion  is pl e a sin g.   The  g ro u n d
pla n  is in t h e  for m  of a  c ro ss; t h e  a n gle s  of t h e
p rojec tions  b eing  flank e d  by h e avy pi e r s  b e t w e e n  w hich
a r e  r e c es s e d  ci rc ul a r  b ays  c a r ri e d  u p  to  t h e  a t t ic
a n d  a r c h e d  ove r  in t h e  g a ble s.   The  c ro ss  pla n
affor ds  a b u n d a n t  ligh t  to  all t h e  roo m s,  a n d  a s  m u c h
of t h e  ir r e g ula r  ou tline  a s  possible  is u tilized  wit h
piazzas.   With  s till a no t h e r  r e co u r s e  to  t h e  co m bin a tion
co r rido r  pl a n,  t h e  obs e rva tion  co t t a g e s  a r e  joine d
to  t h e  r e c e p tion  co t t a g e s  on  e ac h  side.   The  o t h e r
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u tiliza tion  of t h e  co r rido r  in t his  c a s e  is for  cons e rva to ri e s.  
The  obs e rv a tion  co t t a g e s  a r e  ir r e g ula r  in pl a n  a n d
va ry fro m  e a c h  o th e r  a n d  fro m  t h e  o t h e r  b uildings
in t h e  g ro u p.   U n w ro u g h t  n a tive  blu es to n e  is t h e
b uilding  m a t e ri al.  Thes e  co t t a g e s  con t ain  a  p r e po n d e r a n c e
of single  roo m s,  t h e  p u r pos e  b ein g  to  k e e p  p a tie n t s
s e p a r a t e  u n til t h ei r  cla s sifica tion  is d e cid e d  u po n.

The  b uildings  pl a n n e d  b u t  no t  ye t  cons t r uc t e d  of t h e
c e n t r al  g ro u p  includ e  t wo  co t t a g e s  for  convale sc e n t s
a n d  t wo  on e-s to ry r e t r e a t s  for  noisy a n d  dis t u r b e d
p a ti e n t s .   In  bo t h  c a s e s  t h e  pl a n s  a r e  t h e  m o s t
co m ple t e  a n d  p ro g r e s sive  eve r  m a d e.   In  t h e  fi r s t
t h e  d e g r e e  of cons t r u c tion  is r e d uc e d  to  t h e  mi ni m u m.  
Convale sc e n t s  a r e  to  h ave  fre e do m  fro m  t h e  ir ri t a tions
of hos pi t al  life t h a t  oft e n  r e t a r d  r e cove ry. 
Gre a t  r elia nc e  is pl ac e d  u po n  t h a t  impor t a n t  el e m e n t
in t r e a t m e n t ,  t h e  ro u sing  of a  ho p eful feeling  in
t h e  min d  of t h e  p a tie n t .
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The  r e t r e a t  w a r d s ,  wi t h  a cco m m o d a tions  in e a c h  wing
for  eig h t e e n  p a tie n t s,  s how  in t his  p a r ticula r  ho w
lit tle  t h e  old  m e t ho d  of s t ric t  confine m e n t  is to
b e  e m ploye d  in t h e  n e w  ins ti t u tion.   Tha t  p ro po r tion
of t h e  to t al  ins a n e  po p ula tion  of 1 ,50 0  is r e g a r d e d
a s  all t h a t  it is n e c e s s a ry  to  s e q u e s t e r  to  p r eve n t
t h e  dis t u r b a nc e  of t h e  r e s t .   Hollow w alls, sl ee pin g
roo m  win dows  op e ning  into  s m all a r e a s ,  a n d  co r rido r
s p ac e  b e t w e e n  t h e  s eve r al  divisions  a r e  fea t u r e s  w hich
m a k e  t h e  p e r  c a pi t a  cos t  of t h e  cons t r uc tion  co m p a r a tively
la rg e  for  t h e s e  t wo  co t t a g e s ,  b u t  w hich,  i t is b elieve d,
will p rove  to  b e  wise  on e s .

All of t h e s e  b uildings  a r e  a s  co m ple t e  fro m  a  hos pi t al
s t a n d poin t  a s  c a n  possibly b e  d evis e d.   Ou t e r
w alls  wind  a n d  m ois t u r e  p roof, a n d  inn e r  w alls  of
b rick,  wi th  a n  a b solu t ely p ro t e c t e d  ai r  s p a c e  b e t w e e n,
ins u r e  s t r e n g t h  a n d  w a r m t h.   An in t e rio r  w all
finish  of t h e  h a r d e s t  a n d  m os t  no n-a b so r b e n t  m a t e ri als
know n  for  s uc h  u s e s  is a  valua ble  hygie nic p rovision,
a n d  bo t h  s afe ty a n d  s alu b ri ty a r e  fu r t h e r  con s e rve d
by a n  a b s e n c e  of a ny hollow s p a c e s  b e t w e e n  floors
a n d  c eilings,  o r  in  s t u d  p a r t i tions.   N o  ve r min
r e t r e a t s ,  no  h a r bo r s  for  r o d e n t s,  no  c h a n n els  for
fla m e  exis t .   H e a ting  is a cco m plish e d  by indir ec t
r a di a tion  wi th  t h e  s t e a m  s u p ply fro m  t h e  po w e r  ho us e ,
b u t  t h e r e  a r e  m a ny op e n  fir e pl ac es  to  a d d  to  t h e  co m ple t e
s t ack  a n d  flue  sys t e m  of ve n tila tion.

Att ach e d  to  t h e  ce n t r al  g ro u p  a n d  co m ple t e d  a r e  t h e
kitc h e n  b uilding,  t h e  lau n d ry b uilding  a n d  a  d w elling
ho us e  for  e m ployes,  w hich  a r e  so  dis pos e d  in t h e  r e a r
of t h e  g ro u p  a s  to  m a k e  a  co u r tya r d  of valu e  for  t h e
r e so r t  of p a ti en t s ,  a s  t h e  m ai n  b uildings  p ro t ec t  a n d
s h el t e r  it.  The s e  b uildings  a r e  a m ple  for  t h ei r
wo rk  w h e n  t h e  ins ti t u tion’s full c a p a ci ty is
a t t ain e d.   The  ki tc h e n  b uilding  is a  p a r ticula rly
in t e r e s ting  on e.   All of t h e  cooking  is to  b e
do n e  t h e r e ,  a n d  a  sys t e m  of s u b w ays,  wi t h  t r acks  on
w hich  food  c a r s  a r e  r u n ,  con n ec t s  i t wi th  all of t h e
g ro u p s.   An ide a  of t h e  m a g ni tu d e  of ki tch e n  pl a ns
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for  s uc h  a n  ins ti t u tion  m ay  b e  go t  fro m  on e  single
fac t.   The  p a n t ry  is a  lofty roo m,  2 0x3 2  fee t .

The  c alcula tion  t h a t  8 0  p e r  c e n t .  of t h e  ins a n e  of
t h e  dis t ric t  wo uld  b e  in t h e  ch ro nic  s t a g e s  of t h e
dis e a s e  explains  t h e  p rovision  in d e t a c h e d  cot t a g e
g ro u p s  for  t hi s  p ro po r tion  of t h e  p a ti en t s .   A
g r e a t  p ro po r tion  of t h e s e  a r e  fee ble  a n d  h elples s,
r e q ui ring  cons t a n t  a t t e n d a n c e  nig h t  a n d  d ay, b u t  a t t e n d a n c e
t h a t  c a n  b e  give n  c h e a ply a n d  efficien tly in a s soci a t e
d ay roo m s,  dining  roo m s  a n d  la r g e  do r mi to rie s.  
De t a c h e d  g ro u p  No.  1 ,  w hich  is co m ple t e d ,  is a n  infir m a ry
g ro u p  for  p a tie n t s  of bo t h  s exes  of t his  cla s s .  
I t  is c hi efly on e  s to ry in h eig h t ,  a n d  t h e  pl a n  p e r mi t s
a n  a b u n d a n c e  of s u nligh t  a n d  ai r  for  eve ry roo m.

Det a c h e d  g ro u p  No.  2  is in t e n d e d  for  1 8 5  m e n  of t h e
c h ro nic ins a n e  cl as s,  w ho  r e q ui r e  m o r e  t h a n  o rdin a ry
c a r e  a n d  obs e rva tion.   De t ac h e d  g ro u p  No.  3  is
co m pos e d  of two-s to ry b uildings  for  3 2 2  wo m e n.  
I t  h a s  s eve r al la r g e  wo rk-s ho ps.   Occ u p a tion  is
on e  of t h e  m ain  r elia nc e s  of t h e  pl a n n e r s  of t h e  ins ti t u tion
a s  a  p a r t  of t h e  t r e a t m e n t  t h e r e .
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Det a c h e d  g ro u p  No.  4  is d e sig n e d  for  bo t h  m e n  a n d
wo m e n,  a n d  will a cco m m o d a t e  1 5 0.   A w holly diffe r e n t
cla s sifica tion  is h e r e  p rovide d  for, t h e  a c tively
ind us t rious  cl as s e s  b eing  in t e n d e d  for  t his  g ro u p.  
Thos e  w ho  a r e  a bl e  to  do  ou t doo r  wo rk,  a n d  for  w ho m
so m e  dive r tin g  e m ploym e n t  will b e  b e n eficial in m a kin g
t h e m  con t e n t e d  a n d  p hysically h e al t hy, will live h e r e .  
The r e  is co m ple t e  s e p a r a tion  of d ay roo m s,  b u t  t h e
t wo  s exe s  will din e  tog e t h e r  in  a n  a s socia t e  h all.

An a m u s e m e n t  h all to  h a r m o nize  wi th  t h e  c e n t r al  g ro u p,
a n d  to  b e  b uil t  a dj ac e n t  to  it,  is pl a n n e d,  a n d  will
b e  b uil t  t his  ye a r  if t h e  a p p ro p ri a tion  will p e r mi t.  
I t  is a  valua ble  a n d  n e c e s s a ry  a dju nc t  to  t h e  o t h e r
p rovisions  for  t h e  c a r e  of a  po p ula tion  of 1 ,50 0.  
Acco m mo d a tions  for  e n t e r t ain m e n t s ,  c h a p el  exe rcis e s ,
d a n cing  a n d  a  b a t hin g  e s t a blish m e n t  a r e  includ e d  in
t h e  pl a ns  in a  w ay t h a t  gives  g r e a t  r e s ul t s  wi th  g r e a t
e co no my of cons t r uc tion.

P ro b a bly t h e  fea t u r e  in  t h e  sc h e m e  of t h e  S t .  Law r e nc e
S t a t e  Hos pi t al  of t h e  g r e a t e s t  pop ula r  a n d  p rofe ssion al
in t e r e s t  is Dr. Wise’s pl a n  to  h ave  t h e r e  a n
Ame rica nize d  a n d  imp roved  Ghe el.  The  o rigin al
Ghe el  in  Belgiu m  is a  colony w h e r e  for  m a ny ye a r s
lun a tics  h av e  b e e n  s e n t  for  do micilia ry c a r e .  
I t s  inh a bi t a n t s ,  m o s tly of t h e  p e a s a n t  cl as s,  h ave
g row n  a cc us to m e d  to  t h e  p r e s e nc e  a n d  c a r e  of p a t ie n t s
wi th  diso r d e r e d  min ds.   The  sys t e m  is t h e  ou t g row t h
of a  s u p e r s ti tion  foun d e d  in t h e  p r e s u m e d  mi r a c ulous
c u r e  of a  lun a tic  w hos e  r e a son  w a s  r e s to r e d  by  t h e
s hock of t h e  sig h t  of t h e  killing  of a  b e a u tiful gi rl
by  h e r  p u r s uing  fa t h er, w hos e  fu ry h a d  b e e n  ro u s e d
by h e r  c hoice  of a  h u s b a n d.   A m o n u m e n t  to  t his
u nfo r t u n a t e  g r a c e s  Ghe el, a n d  a s  S t .  Dym p h n a  s h e  is
s u p pos e d  to  b e  in b e nig n  con t rol of t h e  lun a tic-s h el t e ring
colony.  So m e  of t h e  fea t u r e s  of t h e  Ghe el sys t e m
of c a r e  a r e  al so  dis tinc tively know n  a s  t h e  Sco tc h
sys t e m.   The r e  t h e  pl acing  of p a ti e n t s  in fa mily
c a r e  is co m m o n.   M a s s ac h u s e t t s  h a s  al so  a dop t e d
it  to  a  consid e r a ble  ex t e n t .   But  t h e r e  a r e  m a ny
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objec tions  to  fa mily c a r e  in isola t e d  do miciles,  a s
p r a c tic e d  in M a s s a c h u s e t t s .   S p eci al m e dical a t t e n tion
a n d  official visi t s  a r e  m a d e  exp e n sive  a n d  inconve nie n t .  
Dr. Wise  pl a n s  to  g e t  all t h e  a dva n t a g e s  of s uc h  a
m o d e  of life  for  p a tie n t s  w hos e  con di tion  r e t rog r a d e s
u n d e r  ins ti t u tion al  influe nc e .   No t  t h e  le a s t  of
t h e s e  a dva n t a g e s  is t h a t  of e cono my in r eli eving  t h e
S t a t e  fro m  t h e  p e r  c a pi t a  cos t  of cons t r uc tion  for
a t  le a s t  on e-fou r t h  of t h e  ins a n e  of t h e  di s t ric t .  
H e  wo uld  u tilize  t h e  fa milies  in t h e  s e t tl e m e n t  w hich
alw ays  g row s  u p  in t h e  vicini ty of a  la r g e  hos pi t al. 
I t  is co m pos e d  of t h e  ho u s e holds  of e m ployes,  m a ny
of w hich  a r e  t h e  r e s ul t  of m a r ri a g es  a m o n g  t h e  a t t e n d a n t s
a n d  e m ployes.   On  Poin t  Airy, by  t h e  u s e  of t h e
b uildings  t h a t  w e r e  on  t h e  diffe r e n t  plo t s  bo u g h t
by t h e  S t a t e  to  m a k e  u p  t h e  hos pi t al  fa r m,  s uc h  a
s e t tl e m e n t  c a n  b e  e a sily m a d e  u p.   I t s  inh a bi t a n t s
wo uld  p ay r e n t  to  t h e  S t a t e .   They would  b e  p a r ticula rly
fit a n d  p ro p e r  p e r son s  to  bo a r d  a n d  c a r e  for  p a tie n t s
w hos e  con di tion  w as  s ui t a ble  for  t h a t  so r t  of a  life,
a n d  t h e  p a tie n t s  could  h ave  m a ny p rivileg e s  a n d  b e n efi ts
no t  pos sible  in t h e  hos pi t al.   Poin t  Airy’s
li t tle  Ghe el  on  s uc h  a  pl a n  wo uld  b e  a  m os t  in t e r e s ting
a n d  valua ble  ex t e nsion  of t h e  b e n efice n t  r ul e  of S t .
Dym p h n a.
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The  S t .  Law r e nc e  S t a t e  Hos pit al  w a s  b uil t  a n d  is op e r a t e d
u n d e r  t h e  s u p e rvision  of a  bo a r d  of m a n a g e r s ,  w hos e
fidelity to  it is d e s c ribe d  a s  p h e no m e n al  by  t h e  p e ople
of Og d e n s b u r g .   The  m e m b e r s  of t h e  exec u tive  co m mit t e e ,
Ch ai r m a n  Willia m  L. P roc tor, S e c r e t a ry  A.E.  S mi th,
John  H a n n a n  a n d  Geor g e  H all, e s p e cially Mr. P roc to r
a n d  Mr. S mit h,  h av e  given  a s  m u c h  tim e  a n d  a t t e n tion
to  it  a s  m os t  m e n  wo uld  to  a  m a t t e r  in w hich  t h ey
h a d  a  b u sin es s  in t e r e s t .   The  r e s ul t  h a s  b e e n  a
p e rfo r m a n c e  of con t r a c t  obliga tions  in  w hich  t h e  S t a t e
go t  it s  m o n ey’s wo r t h.   The  p eo ple  of Og d e n s b u r g ,
too,  h av e  t ak e n  a  g r e a t  in t e r e s t  in t h e  ins ti tu tion.  
S uc h  m e n  a s  M ayor  Ed g a r  A. N e w ell, ex-Collec to r  of
t h e  Por t  of N e w  York Da niel M a go n e,  Pos t m a s t e r  A.A. 
S mit h,  Asse m blym a n  Geor g e  R. M alby, a n d  his  p r e d e c e s sor,
Ge n.  N.M.  Cu r tis, w ho  w a s  t h e  legisla tive  fa t h e r
of t h e  hos pi t al  sc h e m e;  F r a nk  Tallm a n  a n d  Amas a  Thor n ton
t ak e  a s  m u c h  p rid e  in t h e  ins ti t u tion  t h a t  t h e  S t a t e
h a s  s e t  do w n  a t  t h e  g a t e s  of t h ei r  ci ty a s  t h ey  do
in t h ei r  ch e ris h e d  a n d  a d mir e d  ci ty h all, w hich  co m bin e s
a  tidy lit tle  op e r a  ho u s e  wi th  t h e  q u a r t e r s  n e c e s s a ry
for  all p u blic a n d  d e p a r t m e n t  u s e s .

The  exe c u tive  s t aff of t h e  hos pi t al  consis t s  of Dr.
P.M.  Wise,  m e dical s u p e rin t e n d e n t;  Dr. J. Mon t go m e ry
Mos h er, a s sis t a n t :   Dr. J.A.  Ba r n e t t e  a n d
S t e w a r d  W.C.  H all.—N.Y.  S u n .

*       *       *       *  
    *

THE ELECTRICAL PURIFICATION OF SEWAGE AND 
CONTAMINATED WATER.

[Footno t e:   Rec e n tly r e a d  b efo r e  t h e  Ch e mic al
Socie ty, Londo n.   F ro m  t h e  Journal  of t h e
Socie ty.]
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By WM. WEBSTER.

The  t e r m  s e w a g e  m a ny  ye a r s  a go  w a s  righ tly a p plie d
to  t h e  exc r e m e n t al r efus e  of tow n s,  b u t  it is a  m o s t
difficul t  m a t t e r  to  d efine  t h e  liquid  t h a t  t e e m s  in to
ou r  rive r s  u n d e r  t h e  n a m e  of s e w a g e  to-d ay; in  m o s t
tow ns  “ch e mic al r efu s e”  is t h e  b e s t  n a m e
for  t h e  co m plex fluid  r u n nin g  fro m  t h e  s e w e r s.

It  is now  m o r e  t h a n  t e n  ye a r s  sinc e  I fir s t  co m m e n c e d
a  s e ri es  of exp e rim e n t s  wi th  a  view of t ho rou g hly
t e s ting  va rious  m e t ho ds  of p u rifying  s e w a g e  a n d  w a t e r
con t a min a t e d  wi th  p u t r efying  o r g a nic  m a t t er. 
I t  w a s  w hile  inves tig a tin g  t h e  a c tion  of iron  s al t s
u po n  o rg a nic  m a t t e r  in solu tion  a n d  s plit ting  u p  t h e
c hlo rid e s  p r e s e n t  by  m e a n s  of el ec t rolysis,  t h a t  I
fir s t  b e c a m e  a w a r e  of t h e  impo r t a n c e  of p r e cipi t a tin g
t h e  soluble  o r g a nic  m a t t e r  in s uc h  m a n n e r  t h a t  no  ch e mic al
solu tion  s hould  t ak e  t h e  pl ac e  of t h e  p r e cipi t a t e d
o r g a nic  m a t t er.  If c h e mic al m a t t e r  is s u b s ti t u t e d
for  t h e  o r g a nic  co m po u n d s,  t h e  c u r e  is wo r s e  t h a n
t h e  dis e a s e ,  a s  t h e  r e s ul ting  solu tion  in m o s t  c a s e s
s e t s  u p  af t e r  p r e cipi t a tion  in t h e  rive r  in to  w hich
it  flows.

My fir s t  e l ec t rolytical exp e rim e n t s  w e r e  con d u c t e d
wi th  no n-oxidiza ble  pl a t e s  of pl a tinu m  a n d  c a r bo n,
b u t  t h e  cos t  of t h e  fir s t  a n d  t h e  impossibili ty of
ob t aining  c a r bo n  pl a t e s  t h a t  wo uld  s t a n d  long-con tinu e d
a c tion  of n a sc e n t  c hlo rin e  a n d  oxyg e n  m a d e  it  d e si r a ble
t h a t  so m e  m o difica tion  s ho uld  b e  t ri ed.   I n ext
t r i ed  t h e  effec t  of el ec t rolytic  a c tion  w h e n  iron
s al t s  w e r e  p r e s e n t ,  b u t  did  no t  t hink  of u sing  iron
elec t ro d e s  u n til af t e r  t rying  alu min u m.   I foun d
t h a t  t h e  a c tion  of no n-oxidizable  el ec t rod e s  w a s  m o s t
efficacious  af t e r  t h e  t e m p e r a t u r e  of t h e  fluid a c t e d
u po n  ros e  4  d e g.  o r  5  d e g.; b u t  t h e  cos t  of wo rking
m a d e  it impossible  on  a  la rg e  s c ale.
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Afte r  a  long  s e ri es  of exp e ri m e n t s ,  iron  pl a t e s  w e r e
u s e d  a s  el ec t ro d e s,  wi th  r e m a r k a ble  r e s ul t s ,  for  t h e
co m po u n d s  of i ron  for m e d  no t  only d e odo rize d  t h e  s a m ple s
of s e w a g e  a c t e d  on,  b u t  p ro d u c e d  co m ple t e  p r e cipi t a tion
of t h e  m a t t e r s  in s u s p e n sion,  a n d  al so  of t h e  soluble
o r g a nic  m a t t e r ;  t h e  r e s ul ting  efflue n t s  r e m aining  p e rfec tly
fre e  fro m  p u t r ef ac tion.   The  fir s t  p a r t  of t h e
p roc e s s  is w ell illus t r a t e d  by t h e  s m all exp e ri m e n t s
now  s ho w n; t h e  o rg a nic  m a t t e r  in s u s p e n sion  a n d  in
solu tion  s e p a r a t e s  in to  floccule n t  p a r ticle s,  w hich
ri s e  to  t h e  top  of t h e  liquid  a n d  r e m ain  u n til t h e
b u b ble s  of hyd ro g e n  w hich  h av e  c a r ri ed  t h e m  u p  e sc a p e,
w h e n  t h e  solid  m a t t e r  will p r e cipi t a t e .   In  t h e
a r r a n g e m e n t  a do p t e d  on  a  working  sc al e,  t h e  s e p a r a t e d
p a r t icles  p r ecipi t a t e  r e a dily.  As a n  illus t r a tion
of t h e  a c tion  u po n  o r g a nic  m a t t e r  in  solu tion  I t ak e
a  s m all q u a n ti ty of dye,  mix it wit h  w a t er, a n d  pl acing
t h e  con n e c t e d  iron  el ec t rod e s  in t h e  mixt u r e ,  t h e  dye
in solu tion  s e p a r a t e s  in to  floccule n t  p a r ticles.  
The  el ec t rolytical a c tion  is of cou r s e  e a sily u n d e r s tood,
b u t  t h e  c h e mic al c h a n g e s  t h a t  t ak e  pl ac e  n e e d  a n  expla n a tion.  
At t h e  posi tive  pole,  hypoc hlo ri t e  of iron  s e e m s  to
b e  for m e d  a t  fir s t ,  b u t  t his  is q uickly ch a n g e d  in to
a  p ro toc hlo rid e,  a n d  a s  a t  t h e  n e g a tive  pole  a n  alkaline
r e a c tion  t ak es  pl ac e,  t h e  i ron  s al t  is p r e cipi t a t e d
in t h e  for m  of t h e  fe r ro us  hyd r a t e d  oxide,  tog e t h e r
wi th  t h e  o rg a nic  m a t t e r s  in s u s p e n sion  a n d  solu tion.  
Owing  to  t h e  c a r bo n a t e s  t h a t  a r e  alw ays  p r e s e n t  in
s e w a g e,  fe r ro us  c a r bo n a t e  is al so  for m e d.

The  s ucc e s s  of t h e s e  labo r a to ry exp e ri m e n t s  led  m e
to  a  t ri al of t h e  p roc e s s  on  a  la r g e r  sc al e,  for  hi t h e r to
only a  g allon  a t  a ny on e  tim e  h a d  b e e n  t r e a t e d .

S m all b rick  t a nks  w e r e  e r e c t e d  a t  my  w h a rf a t  Peckh a m
a n d  iron  el ec t rod es  fit t e d  to  t h e m.

Wrou g h t  iron  pl a t e s  w e r e  fixed  a bo u t  a n  inch  a p a r t ,
a n d  con n ec t e d  in p a r allel in  t h e  t a nks,  for min g  on e
big  c ell.  S e w a g e  to  t h e  a mo u n t  of a bo u t  2 0 0  g allons
w a s  r u n  in to  t h e  el ec t ro d e  t a nk  a n d  t h e n  t r e a t e d,  t h e

98



r e s ul t s  b eing  so  s a tisfac to ry t h a t  la rg e r  wo rks  w e r e
e r e c t e d,  w h e n  a  s u p ply of s e w a g e  e q u al  to  2 0,00 0  g allons
a n  ho u r  could  b e  ob t ain e d.

Afte r  a  n u m b e r  of exp e ri m e n t s  h a d  b e e n  c a r rie d  ou t
it  w a s  d e cide d  to  r u n  t h e  s e w a g e  a s  r a pidly a s  possible
t h ro u g h  elec t rod e s ,  six c ells  o r  t wo  ro ws  in s e ri es
fixed  in a  long  c h a n n el  o r  s hoo t,  for  exp e ri e nc e  s how e d
t h a t  t h e  m o tion  of t h e  liquid  a c t e d  on  r e d u c e d  t h e
b ack  E.M.F. a n d  h a s t e n e d  t h e  for m a tion  of t h e  p r e cipi t a t e .

A c h a n n el  is ke p t  a t  t h e  bo t to m  of t h e  el ec t ro d e s
for  t h e  sil t  to  collec t,  wi th  a  c ulve r t  a t  side  to
flus h  it  in to,  so  a s  to  p r eve n t  a ny block occu r ring;
t h e  a dv a n t a g e  of t hi s  is obvious .   The  pl a t e s  in
e a c h  s ec tion  m ay  b e  fro m  h alf a n  inc h  to  a n  inch  t hick,
a n d  c a n  b e  of a ny len g t h  u p  to  6  ft.  I t  m ay  pos sibly
b e  objec t e d  t h a t  a  la rg e  n u m b e r  of pla t e s  is r e q ui r e d .  
This  m ay  b e  so,  b u t  t h e  la r g e r  t h e  n u m b e r  of pl a t e s ,
t h e  less  t h e  e n gin e  pow e r  r e q ui r e d,  a n d  t h e  long e r
t h ey las t .   In  e a c h  s ec tion  t h e  elec t rod e s  a r e
in p a r allel, a n d  a ny on e  s e c tion  is in s e ri e s  wi th
t h e  o t h er, t h e  a r r a n g e m e n t  b ein g  exac tly like  t h a t
of a  s e ri es  of p ri m a ry  b a t t e ry  c ells.
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By a c t u al  exp e rie nc e  I h ave  b e e n  a ble  to  p rove  t h a t
a t  le a s t  2 5  s ec tions  of el ec t rod e s  s ho uld  b e  in s e ri e s
a n d  a c ross  a ny on e  of t h e s e  s ec tions  t h e  po t e n ti al
diffe r e nc e  n e e d  no t  b e  g r e a t e r  t h a n  1.8  volt s,  t h e
c u r r e n t  b ein g  of a ny d e si r e d  a m o u n t ,  a cco r ding  to
t h e  s u rfac e  of pl a t e s  u s e d.

The  el ec t ric al m e a s u r e m e n t s  t ak e n  by Dr. John  Ho pkinson
d u ring  t h es e  exp e ri m e n t s  for  t h e  Elec t ric al P u rifica tion
Associa tion,  to  w ho m  I h a d  sold  my p a t e n t s ,  e n ti r ely
co r ro bo r a t e d  my con t e n tions  a s  to  E.H.P. u s e d,  a n d
a g r e e d  wi t h  t h e  m e a s u r e m e n t s  of t h e  m a n a ging  el ec t ricia n,
Mr. Oct avius  M a rc h.

The  p roc e ss  w a s  t h e n  t ho rou g hly inves tiga t e d  by  Si r
H e n ry  Roscoe,  w ho  h a d  con t rol of t h e  wo rks  for  on e
m o n t h .   H e  r e po r t s  a s  follows: 

“The  r e d u c tion  of o r g a nic  m a t t e r  in  solu tion
is t h e  c r uci al t e s t  of t h e  valu e  of a  p u rifying  a g e n t ,
for  u nle s s  t h e  o r g a nic  m a t t e r  is r e d uc e d,  t h e  efflue n t
will p u t r efy a n d  r a pidly b e co m e  offensive.

“I h ave  no t  obs e rve d  in a ny of t h e  u nfil t e r e d
efflue n t s  fro m  t his  p roc e ss  w hich  I h ave  exa min e d
a ny sig ns  of p u t r efac tion,  b u t ,  on  t h e  con t r a ry, a
t e n d e n cy to  oxidize.   The  a b s e n c e  of s ulph u r e t e d
hyd ro g e n  in s a m ples  of u nfil t e r e d  efflue n t ,  w hich
h ave  b e e n  k e p t  for  a bo u t  six w e e ks  in  s top p e r e d  bo t tl e s,
is al so  a  fac t  of impo r t a nc e .   The  s e t tl e d  s e w a g e
w a s  no t  in t his  con dition,  a s  it r a pidly u n d e r w e n t
p u t r ef ac tion,  eve n  in  con t a c t  wi th  air, in t wo  o r
t h r e e  d ays.

“The  r e s ul t s  of t his  c h e mic al inves tig a tion
s how  t h a t  t h e  c hi ef a dv a n t a g e s  of t his  sys t e m  of p u t r efac tion
a r e :  

“Fir s t .—The  a c tive  a g e n t ,  hyd r a t e d
fe r ro us  oxide,  is p r e p a r e d  wi t hin  t h e  s e w a g e  it s elf
a s  a  floccule n t  p r ecipi t a t e .  (I t  is s c a r c ely n e c e s s a ry
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to  a d d  t h a t  t h e  inor g a nic  s al t s  in solu tion  a r e  no t
inc r e a s e d ,  a s  in  t h e  c a s e  w h e r e  c h e mic als  in solu tion
a r e  a d d e d  to  t h e  s e w a g e.) N o t  only do e s  it  a c t  a s
a  m e c h a nic al p r e cipi t a n t ,  b u t  it  poss e s s e s  t h e  p ro p e r ty
of co m bining  c h e mic ally wi th  so m e  of t h e  soluble  o r g a nic
m a t t e r  a n d  c a r rying  it dow n  in a n  insoluble  for m.

“S econ d.—Hyd r a t e d  fe r rou s  oxide  is
a  d eo do rizer.

“Third.—By t hi s  p roc es s  t h e  soluble
o r g a nic  m a t t e r  is r e d uc e d  to  a  con di tion  favor a ble
to  t h e  fu r t h e r  a n d  co m ple t e  p u rifica tion  by  n a t u r al
a g e n cie s.

“Fou r t h.—The  efflue n t  is no t  liable
to  s eco n d a ry  p u t r ef ac tion.”

Mr. Alfred  E. Fle tc h e r  al so  inves tig a t e d  t h e  p roc e s s
s u b s e q u e n tly, a n d  r e po r t s  a s  follows: 

“The  t r e a t m e n t  c a u s e s  a  r e d uc tion  in  t h e  oxidiza ble
m a t t e r  in t h e  s e w a g e,  va rying  fro m  6 0  to  8 0  p e r  c e n t .  
The  p r a c tic al r e s ul t  of t h e  p roc e s s  is a  ve ry r a pid
a n d  co m ple t e  cl a rifica tion  of t h e  s e w a g e,  w hich  e n a ble s
t h e  slu d g e  to  s e p a r a t e  fre ely.

“It  w a s  no tic e d  t h a t  w hile  t h e  r a w  s e w a g e  filt e r s
ve ry slowly, so  t h a t  5 0 0  c.c. r e q ui r e d  9 6  ho u r s  to
p a s s  t h ro u g h  a  p a p e r  filt er, t h e  el ec t rically t r e a t e d
s e w a g e  s e t tl e d  w ell a n d  fil te r e d  r a pidly.

“S a m ples  of t h e  r a w  s e w a g e,  h aving  b u t  li t tle
s m ell w h e n  fre s h,  s t a nk  s t ro n gly on  t h e  t hi rd  d ay. 
The  t r e a t e d  s a m ples,  how ever, h a d  no  s m ell o riginally,
a n d  r e m ain  s w e e t ,  wi thou t  p u t r ef ac tive  ch a n g e.
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“In p ro d u cing  t his  r e s ul t  t wo  a g e ncies  a r e  a t
wo rk,  t h e r e  is t h e  a c tion  of el ec t rolysis  a n d  t h e
for m a tion  of a  hyd r a t e d  oxide  of iron.   I t  is no t
pos sible,  p e r h a p s ,  to  d efine  t h e  exac t  a c tion,  b u t
a s  t h e  for m a tion  of a n  iron  oxide  is p a r t  of it,  it
s e e m e d  d e si r a bl e  to  a s c e r t ain  w h e t h e r  t h e  si m ple  a d di tion
of a  s al t  of iron  wi t h  lim e  s ufficien t  to  n e u t r alize
t h e  a cid  of t h e  s al t  wo uld  p ro d uc e  r e s ul t s  si mila r
to  t hos e  a t t ain e d  by Webs t e r’s p roc e s s.

“In o r d e r  to  m a k e  t h es e  exp e ri m e n t s,  s a m ples
of fre s h  r a w  s e w a g e  w e r e  t ak e n  a t  Cross n e ss  a t  in t e rvals
of on e  ho u r  d u ring  t h e  d ay.  As m u c h  a s  1 0  g r ains
of diffe r e n t  s al t s  of iron  w e r e  a d d e d  p e r  g allon,  plu s
1 5.7  g r ains  of lime  in so m e  c a s e s  a n d  1 2 5  g r ains  of
lim e  in a no t h er, a n d  t h e  t r e a t e d  s e w a g e  w a s  allow e d
to  s e t tl e  t w e n ty-fou r  ho u r s;  t h e  r e s ul t s  ob t ain e d
w e r e  no t  n e a rly a s  good  a s  t h e  el ec t ric al m e t ho d.”

Du ring  t h e  p r e s e n t  yea r  a  ve ry s e a r c hin g  inves tig a tion
of t h e  m e ri t s  of va rious  p roc es s e s  of s e w a g e  t r e a t m e n t
h a s  b e e n  m a d e  by t h e  co r po r a tion  of S alford; a m o n g
oth e r s  of my  el ec t ric al p roc es s .   As t h e  m a t t e r
is a t  p r e s e n t  u n d e r  di scu ssion  by t h e  cou ncil, I a m
no t  in a  posi tion  to  give  ex t r a c t s  fro m  t h e  r e po r t s
of t h e  e n gin e e r s  a n d  c h e mis t s  u n d e r  w hos e  s u p e rvision
a n d  con t rol t h e  wo rk  w a s  do n e,  b u t  I m ay  go  so  fa r
a s  to  s ay t h a t  t h e  r e s ul t s  of my  sys t e m  of el ec t ric al
t r e a t m e n t  h ave  p rove d  it s  efficiency a n d  a p plica bili ty
to  s e w a g e s  of eve n  s uc h  a  foul n a t u r e  a s  t h a t  of S alfo rd
a n d  Pen dle ton.   The  sys t e m  w a s  con t rolled  con tinuo usly
for  t h e  co r po r a tion  by  Mr. A. Jacob, B.A., C.E., t h e
bo ro u g h  e n gin e e r;  Mr. J. Ca r t e r  Bell, F.I.C., e t c .,
cou n ty a n alys t; M e s s r s  John  N e w ton  & Son s,  e n gin e e r s ,
M a n c h e s t e r ;  Mr. Giles,  of M e s s r s .  M a t h e r  & P r a t t ,
e l ec t ric al e n gin e e r s ,  M a n c h e s t e r ;  Dr. Ch a rl es  A. Bur g h a r d t ,
lec t u r e r  in min e r alogy a t  Ow e ns  Colleg e.

I would  also  r efe r  you  to  a  p a p e r  r e c e n tly r e a d  b efor e
t h e  M a n c h e s t e r  S ec tion  of t his  Socie ty by M r  Ca r t e r
Bell, t h e  bo rou g h  a n alys t  for  S alfor d,  in w hos e  r e m a r ks
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Dr. Bur g h a r d t ,  a n  inde p e n d e n t  a u t ho ri ty, p e r mi t s  m e
to  a d d  t h a t  h e  conc u r s .   H e  c a n no t  give  d e t ails
u n til his  r e po r t  h a s  go n e  in, w hic h  will b e  ve ry s ho r tly.

Mr. Ca r t e r  Bell’s r e po r t  has  go n e  in,
a n d  al t hou g h  h e  is p r e clud e d  also  fro m  giving  full
d e t ails,  h e  h a s  kindly p u t  a t  my  di spos al s a m ples
s e al e d  by  hi m  of t h e  efflue n t s  p ro d u c e d  by t h e  elec t rical
t r e a t m e n t ,  w hich  I no w  s u b mi t,  tog e t h e r  wi th  t h e  a n alyse s
in t h e  t a bl e.

The  s a m ples  a r e  t ak e n  a t  r a n do m.

Whe t h e r  t h e  p roc es s  will o r  will no t  b e  a do p t e d  by
t h e  S alford  a u t ho ri ti es  I a m  of cou r s e  u n a ble  to  s ay,
b u t  I t hink  I m ay  s afely s ay t h a t  t h e  elec t rical p roc e ss
h a s  no w  a b solu t ely p rove d  its  c a s e  in  r e g a r d  to  t h e
solu tion  of t h e  s e w a g e  p ro ble m.   I t  is sim ple,
efficien t  a n d,  I a m  s u r e ,  m o r e  e co no mic al t h a n  a ny
o th e r  know n  p roc e ss  w h e r e  d u r a tion  is t ak e n  in to  a ccou n t .

In  r e g a r d  to  t h e  S alfo rd  t r i als  i t m ay b e  in t e r e s tin g
to  give  t h e  following  p a r ticula r s:  
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_______________________________________________________
_______________
|
|               Pa r t s  in  1 0 0,00 0.
|________________________________________________
|              |            |            |
|    M ay 1 5.    |   June  7.   |   Jun e  3 0.  |   July 2 5 .
|_____________|___________|___________|__________
| No t  filt e r e d . |            |            |
Total solids.       |    1 0 9        |   1 2 5       |   1 4 1       |   1 3 2
Loss  on  ignition.   |     3 3        |    2 1       |    2 9       |    2 3
Chlorin e.           |     3 2        |    4 4       |    4 2       |    4 3
Oxyg e n  r e q ui r e d     |              |            |            |
for  1 5  mi n u t e s .   |      2 .56     |     0 . 76    |     0 . 27    |     0 .7 9
Oxyg e n  r e q ui r e d     |              |            |            |
for  t h r e e  ho u r s.  |      4 .27     |     0 .79    |     0 . 50    |     1 .0 0
F r e e  a m m o nia.       |      2 .2 0     |     0 .8 8    |     0 .50    |     0 . 92
Albu minoid  a m-     |              |            |            |
m o nia.            |      0 .32     |     0 .17    |     0 . 09 2   |     0 . 19
_____________________|_____________|___________|___________|
__________

The  el ec t ric al s hoo t  w a s  b uil t  in b rick  a n d  con t ain e d
2 8  c ells  a r r a n g e d  in s e rie s.

E a c h  c ell con t ain e d  1 3  c a s t  iron  pl a t e s  4  in. x 2
ft. 8  in. x 1/2  in. t hick  con n e c t e d  in p a r allel.

The  available  el ec t ro d e  s u rfac e  in e a c h  c ell w a s  2 5 6
s q.  ft.

The  a m p e r e  ho u r  t r e a t m e n t  r e q ui r e d  for  S alfo rd  w a s
foun d  to  b e  a bo u t  0 .37  a m p e r e  ho u r s  p e r  g allon,  a n d
t h e  I.H.P. p e r  million  g allons  b a s e d  on  t h e s e  figu r e s
wo uld  b e  3 7.

N OTE.—In e s ti m a ting  for  t h e  pl a n t  n e c e s s a ry
for  t r e a tin g  t h e  w hole  of t h e  S alfo rd  s e w a g e,  a  m a r gin
w a s  allow e d  on  a bove  figu r e s .   The  A.H.T. w a s
t ak e n  a t  0 . 4  a n d  t h e  I.H.P. p e r  million  a t  3 9  to  3 9.5.

Mr. Oct avius  M a rc h,  el ec t ric al e n gin e er, w ho  h a s  followe d
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t h e  p roc e ss  fro m  t h e  co m m e nc e m e n t ,  a n d  w ho  s u p e rin t e n d e d
t h e  el ec t rical d e t ails  bo t h  a t  Cross n es s  a n d  S alfo rd,
will give  you  on  t h e  blackbo a r d  a  ro u g h  ske t c h  of
t h e  a bove  t r i al  pla n t .

The  S alfo rd  t a nks  a r e  a d mi r a bly a d a p t e d  to  t h e  a p plica tion
of t h e  el ec t rical o r  in fac t  a ny p roc es s  of p r ecipi t a tion.  
They a r e  1 2  in n u m b er, a n d  it is p ro pos e d  to  t ak e
t wo  e n d  t a nks  for  t h e  el ec t rical c h a n n els,  in w hich
t h e  iron  el ec t ro d e s  wo uld  b e  pl ac e d.

The  to t al  I.H.P. r e q ui r e d  for  t r e a tin g  t h e  w hole  of
t h e  S alford  a n d  Pe n dle ton  s e w a g e,  t ak e n  a t  1 0,0 0 0,00 0
g allons  p e r  2 4  ho u r s ,  is c alcula t e d  a t  4 0 0  I.H.P.,
b a s e d  on  t h e  a c t u al  wo rk  do n e  d u rin g  t h e  t r i al. 
The  el ec t ric al pl a n t  wo uld  consis t  of fou r  e n gin e s
a n d  dyn a mos, a ny t h r e e  of w hich  could  do  t h e  w hole
wo rk,  a n d  t h r e e  boile r s,  e a c h  of 2 0 0  I.H.P.

The  to t al  cos t  of pl a n t ,  including  al t e r a tions,  is
e s tim a t e d  a t  L16,00 0,  to  w hich  m u s t  b e  a d d e d  t h e  cos t
of a bo u t  5 ,00 0  tons  of i ron  pl a t e s—ordin a ry
c a s t  iron—a t  s ay L4 p e r  ton.   Thes e
pla t e s  wo uld  las t  for  s eve r al  ye a r s .

If fil t r a tion  w e r e  r e q ui r e d ,  t h e r e  wo uld  b e  a n  ex t r a
exp e n di tu r e  for  t his,  b u t  it will b e  r e m a r k e d  t h a t
a s  t h e  t r e a t e d  s e w a g e  is p r a c tically p u rified  w h e n
it  le aves  t h e  el ec t rical c h a n n els,  t h e s e  filt e r s  would
b e  only r e q ui r e d  for  co m ple t e  cla rifica tion,  w hich
for  m o s t  pl ac e s  would  no t  b e  a  n e c e s si ty.
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The  fil t e rin g  m a t e ri al  u s e d  could  b e  g r a d u ally p r e p a r e d
fro m  t h e  slud g e  ob t ain e d  af t e r  el ec t ric al t r e a t m e n t ,
u nle s s  it could  b e  m o r e  p rofi t a bly sold  a s  a  m a n u r e ,
a n d  I a m  no t  a  b elieve r  in  t h e  value  of s e w a g e  slud g e
in la rg e  q u a n ti ti es.   This slud g e,  a  w a s t e  p ro d u c t ,
is co nve r t e d  in to  m a g n e tic  oxid e  of  iron , of
w hich  I h ave  h e r e  t wo  s m all s a m ples.   This m a g n e tic
oxide  is a  good  filt e rin g  m a t e ri al, b u t ,  like  eve ry
o th e r  fil t e ring  m a t e ri al,  it  wo uld  of cou r s e  r e q ui r e
r e n e w al.  The r e  wo uld,  ho w ever, a lw ays  b e  a  s u p ply
of t h e  w a s t e  p rod uc t—s e w a g e  slud g e—on
t h e  s po t ,  a n d  t h e  s p e n t  m a g n e tic  oxide  r e c a r bo nize d
could  b e  u s e d  indefini t ely.

The  a n n u al  cos t  for  d e aling  wi th  t h e  S alfo rd  s e w a g e
is e s tim a t e d  a t  in ro u n d  figu r e s  L2,50 0  for  co al,
labor, m ain t e n a nc e  of e n gin es ,  boile r s  a n d  dyn a m os.  
To t his  m u s t  b e  a d d e d  t h e  cons u m p tion  of iron  a n d  its
r e pl ac e m e n t ,  w hich  would  h ave  to  b e  w ri t t e n  off c a pi t al
exp e n di tu r e .

If a  colo rles s  efflue n t  w e r e  r e q ui r e d,  a b solu t ely
fre e  fro m  s us p e n d e d  m a t t er, t h e  a d di tion al cos t  is
e s tim a t e d  a t  fro m  L1,200  to  L1,500.

*       *       *       *  
    *

LAVENDER AND ITS VARIETIES.

By J. CH.  SAWER, F.L.S.

Lave n d e r—t e c h nic ally Lavan d ula . 
This  n a m e  is g e n e r ally consid e r e d  to  b e  d e rive d  fro m
t h e  wo r d  lavan do , g e r u n d  of t h e  ve r b  lavare ,
“ to  w a s h” o r  “to b a t h e ,” a n d
to  o rigin a t e  fro m  t h e  a n ci e n t  Ro m a n  c us to m  of p e rfu min g
b a t h s  wi th  t h e  flow e r s  of t his  pla n t .
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The  g e n e r al  a s p e c t  of t h e  va rious  s p ecie s  w hich  co m pos e
t his  g e n u s  of labia t e  pl a n t s,  a l t ho u g h  p r e s e n tin g
ve ry c h a r a c t e ris tic  diffe r e nc e s ,  m e r g e s  g r a d u ally
fro m  on e  s p e cie s  to  a no t h e r;  a ll a r e ,  in t h ei r  n a tive
h a bi t a t ,  s m all lign eou s  u n d e r s h r u b s  of fro m  on e  to
t wo  fee t  in h eigh t ,  wi th  a  t hin  b a rk,  w hich  d e t a c h e s
its elf in s c ale s;  t h e  le aves  a r e  line ar, p e r sis t e n t ,
a n d  cove r e d  wi th  n u m e ro u s  h ai r s ,  w hich  give  t h e  pla n t
a  ho a ry a p p e a r a n c e .

The  flow e r s,  w hic h  a r e  p ro d uc e d  on  t h e  you n g  s hoo ts,
a p p roxim a t e  in to  t e r min al si m ple  s pikes,  w hich  a r e ,
in  vigo ro us  youn g  pl a n t s ,  b r a n c h e d  a t  t h e  b a s e  a n d
u s u ally n ak e d  u n d e r  t h e  s pikes .

As a  r ule ,  lave n d e r  is a  n a tive  of t h e  cou n t ri es  bo r d e ring
on  t h e  g r e a t  b a sin  of t h e  M e di t e r r a n e a n—a t
lea s t  eig h t  ou t  of t w elve  s p e ci e s  a r e  t h e r e  foun d
to  b e  indig e nou s  on  m o u n t ain  slop e s.

The  m o s t  co m m o nly know n  s p e ci es  a r e  L. v era,  L.
s pica  a n d  L s taec has .  Co m m e r cially
t h e  L. v era  is t h e  m o s t  valu a ble  by  r e a so n  of
t h e  s u p e rio r  d elic acy of its  p e rfu m e;  it  is foun d
on  t h e  s t e ril e  hills  a n d  s to ny d eclivitie s  a t  t h e
foot  of t h e  Alps  of P rove nc e,  t h e  lowe r  Alps  of Da u p hin e
a n d  Ceva n n e s  (g rowing  in so m e  pl ac e s  a t  a n  al ti t u d e
of 4,5 0 0  fee t  a bove  t h e  s e a  level), a l so  no r t h w a r d,
in  expos e d  si t u a tions,  a s  fa r  a s  Mo n ton,  n e a r  Lyons,
b u t  no t  b eyon d  t h e  4 6 t h  d e g r e e  of la ti t u d e;  in Pie d mo n t
a s  fa r  a s  Tar a n t ais e,  a n d  in  S witze rl a n d,  in Low e r
Vallais, n e a r  Nyon,  in  t h e  c a n to n  of Vaud, a n d  a t
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Vuilly.  I t  h a s  b e e n  g a t h e r e d  b e t w e e n  Nice  a n d
Cos ni, in  t h e  n eigh bo r hood  of Limon e,  on  t h e  el eva t e d
slop es  of t h e  m o u n t ain s  of w e s t e r n  Ligu ri a ,  a n d  in
E t r u ri a  on  hills  n e a r  t h e  s e a.   The  L. s pica ,
w hich  is t h e  only s p e cie s  b e sid e s  L. v era  h a r dy
in t his  cou n t ry, w a s  for m e rly consid e r e d  only a  va rie ty
of L. v era ; it  is dis ting uis h e d  by it s  low e r
h a bi t ,  m u c h  w hi t e r  color, t h e  le aves  m o r e  con g e s t e d
a t  t h e  b a s e  of t h e  b r a nc h e s ,  t h e  s pikes  d e n s e r  a n d
s ho r t er, t h e  flor al leaves  lanc eola t e  o r  line ar, a n d
t h e  p r e s e n c e  of line a r  a n d  s u b ula t e  b r a c t e s.

I t  yields  by dis tilla tion  a n  oil t e r m e d  “oil
of s pike,” or, to  dis ting uis h  it fro m  oil of
L. s ta ec has , “t r u e  oil of s pike.” 
I t  is d a rk e r  in colo r  t h a n  t h e  oil of L. v era ,
a n d  m u c h  less  g r a t eful in odor, r e min ding  on e  of t u r p e n tine
a n d  r a ncid  coke r  n u t  oil.  I t  is u s e d  by p ain t e r s
on  po rc elain,  a n d  in t h e  m a n ufac t u r e  of va r nis h e s .  
I t  is of t e n  la r g ely a d mixe d  wit h  e s s e n c e  of t u r p e n tin e.

L.  S ta ec has  (S tich as)  w a s  discove r e d  p rio r
to  t h e  ye a r  5 0  A.D. in t h e  S t a ec h a d e s  Islan d s  (now
t h e  Isla n ds  of Hy e r e s), h e n c e  t h e  n a m e.   At p r e s e n t
it  is foun d  wild  in  t h e  Sou t h  of E u rop e  a n d  N o r t h  of
Africa,  a l so  a t  Tene riffe.   The  le aves  a r e  oblong
line ar, a bo u t  h alf a n  inch  long  (so m e ti m es  a n  inch
long  w h e n  c ultiva t e d), wi th  r evolu t e  e d g e s  a n d  clo th e d
wi th  ho a ry to m e n t u m  on  bo t h  s u rfac e s;  t h e  s pike  is
t e t r a go n al, co m p a c t ,  wi th  a  t uf t  of p u r pl e  leaves
a t  t h e  top;  t h e  c alyce s  a r e  ova t e  a n d  sligh tly s ho r t e r
t h a n  t h e  t u b e  of t h e  co rolla.   The  w hole  pl a n t
h a s  a  s t r on g  a ro m a tic  a n d  a g r e e a ble  flavor.  The r e
is a  va rie ty of t his  s p eci es  (L. m a cros tac hya )
n a tive  of Cor sica,  Sicily, a n d  N a ple s,  w hich  h a s  b ro a d e r
leaves  a n d  t hicke r  oc t a go n al  s pikes.

L. s ta ec has  is know n  in S p ain  a s  “Rom e ro
S a n to” (sac r e d  ro s e m a ry).  I t s  e s s e n ti al
oil (also t h a t  of L. d e n ta ta ) is t h e r e  ob t ain e d
for  ho us e hold  u s e  by s u s p e n din g  t h e  fre s h  flowe ring
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s t alks,  flowe r s  do w n w a r d,  in clos e d  bo t tl e s  a n d  exposing
t h e m  for  so m e  tim e  in t h e  s u n’s r ays; a  mixt u r e
of w a t e r  a n d  e s s e n ti al oil collec t s  a t  t h e  bo t to m,
w hich  is u s e d  a s  a  h a e m os t a tic  a n d  for  cle a n sin g  wo u n ds.

The  s p e cific g r avity of S p a nis h  oil of L. s ta ec has
is 0 . 94 2  a t  1 5  d e g.   C. I t  boils  b e t w e e n  1 8 0  d e g.
a n d  2 4 5  d e g..  The  odo r  of t hi s  oil is no t  a t  a ll
s u g g e s tive  of t h a t  of lave n d er, b u t  r e s e m bles  m o r e
t h a t  of oil of ro s e m a ry, poss e s sing  al so  t h e  c a m p ho r a c eo us
odo r  of t h a t  oil.  In  India  t his  oil is m u c h  p rized
a s  a n  exp ec to r a n t  a n d  a n tis p a s m o dic.

[Illus t r a tion:  LAVANDULA VERA.  LAVANDULA
S PICA.

(F ro m  p ho tog r a p h s  of t h e  pl a n t s .   N a t u r al  size.)]

The  o t h e r  s p e cie s  w hic h  a r e  dis tinc tly c h a r a c t e rize d
a r e  L. p e d u n c ulata,  L.  viridis, L. d e n ta ta,  L.
h e t erop h ylla, L.  p yr e naica, L.  pinna ta,  L.  coronopifolia,
L.  abrotonoid es,  L.  La wii , a n d  L. m ul ti fida .
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The  L. m ul tifida  is synony mo us  wi th  L. 
B ur m a nii.  In  S p ain  t h e  t h e r a p e u tic  p rop e r ti es
of L. d e n ta ta  a r e  alleg e d  to  b e  ev e n  m o r e  m a rk e d
t h a n  in t h e  oils  of a ny of t h e  o t h e r  s p ecie s  of laven d er. 
I t  is s aid  to  p ro mot e  t h e  h e aling  of slug gis h  wo u n d s,
a n d  w h e n  u s e d  in t h e  for m  of inh ala tion  to  h ave  give n
good  r e s ul t s  in c a s e s  of s eve r e  c a t a r r h ,  a n d  eve n
in c a s e s  of dip h t h e ri a .   In  odo r  t his  oil s t ro n gly
s u g g e s t s  r o s e m a ry a n d  c a m p hor.  I t s  s p e cific g r avity
is 0 .92 6  a t  1 5  d e g.   C. I t  dis tills  a l mos t  co m ple t ely
b e t w e e n  1 7 0  d e g.  a n d  2 0 0  d e g..

The  s p e cific g r avity of t h e  oil of L. v era
(acco r ding  to  Flu eckig e r  a n d  H a n b u ry, Phar m acograp hia )
r a n g e s  b e t w e e n  0.87  a n d  0.94.   The  s a m e  a u t ho ri ti es
s t a t e  t h a t  in a  t u b e  of 5 0  millim e t e r s  t h e  pla n e  of
pola riza tion  is dive r t e d  4.2  d e g.  to  t h e  lef t.

Dr. Glads ton e  foun d  (Jnl.  Ch.   S o c. ,
xviii., 3)  t h a t  a  s a m ple  of p u r e  oil of L. v era ,
ob t ain e d  fro m  Dr. S. Pie s s e,  indica t e d  a  s p e cific
g r avity of 0 .89 0 3  a t  1 5  d e g.   C., a n d  t h a t  it s
pow e r  of r o t a ting  t h e  pl a n e  of pola riza tion  (obs e rve d
wi th  a  t u b e  t e n  inch es  long) w a s  -2 0  d e g..  Co m p a r e d
wi th  t h e s e  r e s ul t s  h e  foun d  t h e  s p.  gr. of oil of t u r p e n tin e
to  b e  0.8 72 7,  a n d  t h e  ro t a to ry pow e r  -7 9  d e g..

Althou g h  L. s taec has  w a s  w ell know n  to  t h e
a n cie n t s,  no  allusion  u n q u e s tion a bly r efe r ring  to
L. v era  h a s  b e e n  foun d  in t h e  w ri tings  of cla s sic al
a u t ho r s,  t h e  e a rlies t  m e n tion  of t his  la t t e r  pl a n t
b ein g  in t h e  t w elfth  ce n t u ry, by  t h e  Abbe ss  Hilde g a r d ,
w ho  lived  n e a r  Be r g e n-on-t h e-Rhine.   U n d e r  t h e
n a m e  of Llafan t  o r  Llafan tly , it  w a s
know n  to  t h e  Welsh  p hysicia ns  a s  a  m e dicinal pl a n t
in  t h e  t hi r t e e n t h  c e n t u ry.  The  b e s t  va rie ty of
L. v era—a n d  t h e r e  a r e  s eve r al, a l t ho u g h
u n n a m e d—imp rove d  by cul tiva tion  in E n gla n d,
p r e s e n t s  t h e  a p p e a r a n c e  of a n  eve r g r e e n  u n d e r s h r u b
of a bo u t  t wo  fee t  in h eigh t ,  wi th  g r ayish  g r e e n  line a r
leaves,  r olled  u n d e r  a t  t h e  e d g e s ,  w h e n  you n g;  t h e
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b r a nc h e s  a r e  e r e c t  a n d  give  a  b u s hy a p p e a r a n c e  to
t h e  pl a n t;  t h e  flow e r s  a r e  bo r n e  on  a  t e r min al  s pike,
a t  t h e  s u m mit  of along  n a k e d  s t alk, t h e  s pike  b ein g
co m pos e d  of six to  t e n  ve r ticillas t e r s ,  m o r e  widely
s e p a r a t e d  tow a r d  t h e  b a s e  of t h e  s pike;  in  you n g  pl a n t s
t wo  o r  fou r  s u b-s pikes  will b r a nc h  al t e r n a t ely in
p ai r s  fro m  t h e  m ain  s t alk; t his  indic a t e s  g r e a t  vigor
in t h e  pla n t ,  a n d  occ u r s  r a r ely af t e r  t h e  s eco n d  ye a r
of t h e  pla n t’s  g row t h.   The  flor al le aves
a r e  r ho m boid al, a c u min a t e ,  a n d  m e m b r a n eo us,  t h e  u p p e r
on e s  b eing  s ho r t e r  t h a n  t h e  c alyce s,  b r a c t e a s  obova t e;
t h e  c alyces  a r e  bluis h,  n e a rly cylind ric al, con t r a c t e d
tow a r d  t h e  m o u t h ,  a n d  ribb e d  wit h  m a ny  veins.  
The  co rolla  is of a  p al e  bluish  viole t,  of a  d e e p e r
tin t  on  t h e  inn e r  s u rf ac e  t h a n  t h e  ou t er, t u b ular,
t wo-lipp e d,  t h e  u p p e r  lip wi th  t wo  a n d  t h e  lowe r  wi th
t h r e e  lobes .   Bot h  t h e  co rolla  a n d  c alyx a r e  cove r e d
wi th  s t ella t e  h ai r s ,  a m o n g  w hich  a r e  e m b e d d e d  s hining
oil gl a n ds,  to  w hich  t h e  fr a g r a nc e  of t h e  pl a n t  is
d u e.   The  L. v era  w a s  ide n tified  in 1 5 4 1,
a n d  in t rod uc e d  in to  E n gla n d  in 1 5 6 8,  flou rishin g  r e m a rk a bly
w ell u n d e r  c ul tiva tion,  a n d  yielding  a n  oil fa r  s u p e rio r
in d elic acy of fr a g r a n c e  to  t h a t  ob t ain e d  fro m  t h e
wild  pl a n t ,  o r  to  t h a t  ob t ain e d  fro m  t h e  s a m e  pl a n t
c ul tiva t e d  in a ny o th e r  co u n t ry.
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Whe n  it  is r e m e m b e r e d  t h a t  no r t h  of t h e  5 0 t h  d e g r e e
of la ti t u d e  t h e  vine  yields  lit tl e  b u t  g a rl a n ds  of
leaves,  a n d  t h a t  w e  s ho uld  a t t e m p t  in  vain  to  c ul tiva t e
t h e  olive  no r t h  of t h e  4 4 t h  d e g r e e ,  it m ay  s e e m  s t r a n g e
t h a t  t h e  Lavan d ula v era , w hich  is a  n a tive  of
a bo u t  t h e  s a m e  clim a t e  a s  t h e s e ,  s ho uld  r e sis t ,  u n p ro t e c t e d,
t h e  vigo ro us  fros t s  of t his  cou n t ry.  Eve n  a t
U p s ala,  la ti t u d e  5 9  d e g.  5 1’ N., in t h e  Bot a nic
Gar d e n,  i t m e r ely r e q ui r e s  t h e  s h el t e r  of a  few b r a nc h e s
to  p ro t ec t  it  in t h e  win t e r;  b u t  t his  h a r din e s s  m ay
b e  a ccou n t e d  for  by s eve r al  p hysiologic al r e a so ns.  
Like  all fru ticulos e  labi a t e s  w hich  h ave  a  h a r d  co m p a c t
ti ss u e  a n d  co n t ain  m u c h  oily m a t t er, t h e  lave n d e r
a b so r b s  les s  m ois t u r e  t h a n  h e r b s  w hich  a r e  sof t  a n d
s pon gy, a n d,  a s  it a lw ays  p r efe r s  a  d ry  c alca r eo u s,
eve n  s tony, soil, t h e  no r t h e r n  cul tiva to r s  find  t h a t
by  s elec tin g  s uc h  loc alitie s  t h e  ti s s u e s  of t h e  pl a n t
t ak e  u p  so  li t tle  w a t e r  t h a t  t h e  fros t  do e s  no t  inju r e
t h e m.

In  a  no r t h e r n  clim a t e  t h e  leng t h  of t h e  d ays  in s u m m er,
a n d  t h e  n a t u r al  d ryn e s s  of t h e  air, co m p e n s a t e  in
so m e  m e a s u r e  t h e  r e d u c tion  of t e m p e r a t u r e ,  a n d  m a t u r e
t h e  pl a n t  only to  t h e  ex t e n t  s ufficie n t  for  t h e  p u r pos e
for  w hich  it is g row n.   Pe r h a p s  t h e  s u s p e n sion
of vit al  a c tion  d u rin g  win t er, w hich  m u s t  b e  m o r e
co m ple t e  in no r t h e r n  la ti t u d e s ,  a s  ou r  fros t s  a r e
m o r e  s eve r e ,  t e n d s  to  p r e s e rve  ce r t ain  pl a n t s,  n a t ive
of t h e  sou t h,  for  it  is obs e rve d  t h a t  all pla n t s  a r e
m o r e  s e n si tive  to  cold  w h e n  veg e t a tion  is a c tive  t h a n
w h e n  it is a t  r e s t .   The  vine  is a n  ins t a nc e  of
t his.   On  t h e  o t h e r  h a n d,  w h e n  t h e  pl a n t  is c ul tiva t e d
fur t h e r  so u t h  t h a n  its  n a t u r al  bo u n d a ry, t h e  s a m e  c a u s es
s e e m  to  exe r t  t h ei r  influe nc e,  b u t  in t h e  r eve r s e
s e n s e.   Lave n d e r  is c ul tiva t e d  on  t h e  m o u n t ain s
of Yeme n,  in  Arabia; t h e  h u midity, inc r e a sin g  inve r s ely
to  t h e  la ti t u d e ,  co m p e n s a t e s  t h e  exh aling  forc e  of
t h e  s u n’s r ays,  a n d  t h e  el eva tion  of t h e  locality
t h e  effec t s  of t h e  h e a t .

Thus  is confi r m e d,  bo t h  in  no r t h  a n d  so u t h ,  t h e  law
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of veg e t a ble  p hysiology obs e rve d  by De  Ca n dolle,  in
t h e  t e m p e r a t e  clim a t e s  of F r a n c e ,  a n d  p u blish e d  in
his  “Ess ai  d e  Geog r a p hie  Bot a niq u e,” t h a t
“pla n t s  c a n  b e s t  r e sis t  t h e  effec t s  of cold
in a  d ry  a t mos p h e r e ,  a n d  t h e  effec t s  of h e a t  in a
h u mid  a t m os p h e r e .”  A mild,  d a m p  win t er,
like  t h e  on e  of 1 8 8 9-1 8 9 0,  do e s  m o r e  h a r m  t h a n  a  h a r d ,
s e a so n a ble  fros t,  a s  t h e  pl a n t s  a r e  a p t  to  m a k e  g r e e n
s hoo t s  p r e m a t u r ely, a n d  t h e  la t e  fros t s  nip  off t h e s e
t e n d e r  po r tions,  e a c h  of w hich  wo uld  o t h e r wis e  h ave
p ro d uc e d  a  flowe r  s pike.

The  ve ry s eve r e  win t e r  of 1 8 9 0-1 8 9 1  did  no t  kill so
m a ny  pl a n t s  a s  t h e  on e  of 1 8 8 9-1 8 9 0.   The  s t e m s
a n d  b r a nc h e s  of lave n d e r  b eing  ligneou s  a n d  s t ro n g
a r e  a bl e  to  r e sis t  t h e  force  of t h e  win d,  a n d  t h e  pl a n t
t h rives  b e s t  in  a  p e rfec tly op e n  loc ality, w h e r e  t h e
ai r  ci r cula t e s  fre ely; t h e  oil a n d  r e sin  w hich  it
con t ain s  in a b u n d a nc e  e n a ble  i t to  r e sis t  t h e  p a r c hin g
a c tion  of t h e  win d  a n d  s u n.   Thus,  on  t h e  m os t
a r id  a n d  s t e rile  g ro u n d  on  t h e  m o u n t ain  sid es  in t h e
so u t h ,  a n d  e s p e ci ally in S p ain,  pl a n t s  of t hi s  g e n u s
flou rish  wi t h  m o r e  vigor  in t h e  s e a son  w h e n  m o s t  o t h e r
veg e t a tion  is s co rc h e d  u p  by t h e  a r d e n t  r ays  of t h e
s u n,  a n d  t h e  Lavan d ula v era  s e e m s  to  h ave  a
p r e dilec tion  for  s uc h  s po t s.
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Ce r t ainly t h e  pl a n t s  t h e n  a s s u m e  a  m o r e  s t u n t e d  a p p e a r a n c e
t h a n  in ric h e r  soil, b u t  a t  t h e  s a m e  tim e  t h e  p e rfu m e
is s t ro n g e r  a n d  s w e e t er.  The  c alyces  b e co m e  c h a r g e d
wi th  oil gl a n ds,  a n d  yield  a  g r e a t e r  a b u n d a n c e  of
vola tile  oil.

In  a  ve ry m ois t  soil t h e  w a t e r  p e n e t r a t e s  too  m u c h
into  t h e  ti s s u e s ,  d e t a c h e s  t h e  b a rk,  t h e  pl a n t  black e n s
a t  t h e  roo t ,  a n d  a  w hi t e  fun g u s  a t t ac h e s  to  t h e  m ain
s t e m  a n d  low e r  b r a n c h e s;  it  b e co m e s  fee ble,  dis e a s e d,
a n d  di es .   A rich  soil fu r nis h e s  too  m u c h  n u t ri m e n t ,
t h e  pl a n t  g row s  ve ry la r g e  a n d  h e r b ac eo us,  b eco m e s
ove rc h a r g e d  wi th  w a t e r  r el a tive  to  i ts  a s si mila ting
a n d  el a bo r a to ry po w er, e s p e ci ally if g ro wing  in a
cold  clim a t e,  a n d  t h e  e q uilib riu m  of t h e  c h e mic al p ropo r tions
n ec es s a ry  for  t h e  for m a tion  of n a t u r al  juice s  b e co m e s
d e r a n g e d  a t  t h e  exp e n s e  of q u a n ti ty a n d  q u ali ty of
t h e  vola tile  oil p ro d uc e d.

The s e  fac t s ,  long  a go  poin t e d  ou t  by  Linn a e u s,  h ave
b e e n  ve rified  in  E n gla n d.   So m e  ye a r s  a go  a  di se a s e
m a nife s t e d  it s elf in m o s t  of t h e  pl a n t a tions,  w hich,
no t  b ein g  u n d e r s tood  by t h e  g row e r s ,  w a s  no t  r e m e die d
(in fac t,  is no t  g e n e r ally u n d e r s tood  a n d  r e m e die d
a t  t h e  p r e s e n t  t im e), t h e  a c r e a g e  u n d e r  c ul tiva tion
d ec r e a s e d,  a n d,  p a r tly owing  to  t his  a n d  a  sc a r ci ty
occ a sion e d  by a  failu r e  in t h e  c ro p,  t h e  p rice  of
t h e  oil r a pidly ro s e  fro m  5 0 s.  to  2 0 0s.  p e r  lb. 
Cons e q u e n tly, wi th  t h e  con tinu ally inc r e a sin g  d e m a n d
a n d  t h e  con tin u e d  ris e  in p rice,  m a n ufac t u r e r s  of
lave n d e r  w a t e r  a n d  of co m po u n d  p e rfu m e s  in w hich  oil
of laven d e r  is a  n e c e s s a ry  ing r e die n t  co m m e n c e d  to
b uy t h e  F r e n c h  oil, a n d  ve n d e r s  of t h e  E n glish  oil
co m m e n c e d  to  a d ul t e r a t e  la rg ely t h e  E n glish  wi th  t h e
F r e nc h  oil.

By d e g r e e s  t h e  F r e n c h  oil b eco m e  al mos t  e n t i r ely s u bs ti t u t e d
in E n gla n d  for  t h e  E n glis h,  a n d  a t  p r e s e n t  it is difficul t
to  p u rc h a s e  t r u e  E n glish  lave n d e r  w a t e r  of a  q u ali ty
e q u al  to  t h a t  ve n d e d  t w e n ty ye a r s  a go, exc e p t  a t  a
few fir s t  cla s s  ho us es .
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The  exo r bi t a n t  p rofit s  d e m a n d e d  by c h e mis t s  a n d  d r u g gis t s ,
a n d  t h e  inco m p r e h e n sible  will of t h e  p u blic to  b uy
a ny t hing  c h eap , ho w eve r  b a d,  h ave  e n co u r a g e d
a  m a rv elous  inc r e a s e  in t h e  figu r e s  of t h e  impo r t s
of F r e n c h  (an d  Ger m a n,  w hich  is wo r s e)  oil.

In  1 8 8 0,  w h e n  t h e  p rice  h a d  r e a c h e d  1 2 5 s.  p e r  lb.,
it  w a s  poin t e d  ou t  by  a n  e min e n t  Londo n  firm  t h a t
u nle ss  t h e  c ul tiva tion  in E n gla n d  w e r e  ex t e n d e d,  t h e
p ric e  wo uld  b e co m e  p ro hibi tive,  infe rio r  oils  wo uld
b e  in t rod uc e d  in to  t h e  m a rk e t ,  a n d  so  d e s t roy t h e
pop ula ri ty of t his  b e a u tiful p e rfu m e.

The  p ric e  s till r i sing  did,  in fac t ,  ind uc e  t his  impo r t a tion,
a n d  to  t his  d ay  t h e  b ulk of c h e mis t s  a n d  p e rfu m e r s
con tinu e  to  u s e  t h e s e  for eign  oils, no t wi th s t a n din g
t h e  fall in  t h e  p r ic e  of t h e  E n glish  oil.

The  cons t a n t  d e m a n d,  how ever, in Ame rica  (wh e r e  p eo ple
will h av e  t hin gs  good) will ye t  s u p po r t  t h e  p ric e
of t h e  g e n uin e  a r t icle—t h a t  is, of t h e
E n glish  oil, w hich  is t h e  fine s t  t h e  wo rld  p ro d u c e s .  
Atte m p t s  w e r e  m a d e  by a  F r e n c h  m a n ufac t u ring  p e rfu m e r
to  e s t a blish  a  pl a n t a tion  in t h e  sou t h  of F r a n c e  of
pl a n t s  t ak e n  fro m  p a r e n t  s t e m s  g row n  in E n gla n d.

115



Page 63

The  r e s ul t  w a s  t h a t  t h e  you n g  pl a n t s  d e t e rio r a t e d
to  t h ei r  o rigin al con di tion—eve n  t h e r e
in t h ei r  n a tive  h a bi t a t .   The  c h a r a c t e r  of a  pl a n t
a n d  t h e  c h a r a c t e r  of it s  p ro d uc e  d e p e n d  eve n  on  m o r e
t h a n  a  simila ri ty of soil a n d  g eo g r a p hical posi tion.  
I t  is a s s e r t e d  t h a t  a  good  judg e  c a n  di s ting uis h  b e t w e e n
t h e  oils  p ro d uc e d  by t wo  a djac e n t  fields,  a n d  t h e
diffe r e nc e  in odo r  is ve ry a p p a r e n t  b e t w e e n  t h e  oils
p ro d uc e d  in H e r tfo rds hi r e  a n d  in S u r r ey.  The
oil p ro d u c e d  in S us s ex is diffe r e n t  fro m  bo t h.—Ch e mis t
and  Drug gis t .

*       *       *       *  
    *

SPECTRUM OF THE SUN AND ELEMENTS.

The  Johns  H o p kins  U niversi t y  Circular , No.
8 5,  is su e d  in  Feb r u a ry, con t ains  P rof.  Rowla n d’s
r e po r t  of p ro g r e s s  in  s p e c t r u m  wo rk.   The  s p e c t r a
of all know n  el e m e n t s ,  wi th  t h e  exc e p tion  of a  few
g a s eo us  on e s ,  o r  t hos e  too  r a r e  to  b e  ye t  ob t ain e d,
h ave  b e e n  p ho to g r a p h e d  in con n e c tion  wit h  t h e  sola r
s p ec t r u m,  fro m  t h e  ex t r e m e  ul t r a-viole t  dow n  to  t h e
D line,  a n d  eye  obs e rva tions  h ave  b e e n  m a d e  on  m a ny
to  t h e  limit  of t h e  sola r  s p e c t r u m.   A t a ble  of
s t a n d a r d  w ave  len g t h s  of t h e  imp u ri ti e s  in t h e  c a r bo n
pole s  ext e n ding  to  w ave  len g t h  2,00 0  h a s  b e e n  cons t r uc t e d
to  m e a s u r e  w ave  len g t h s  b eyon d  t h e  limit s  of t h e  sol a r
s p ec t r u m.   In  a d di tion  to  t his,  m a p s  of t h e  s p ec t r a
of so m e  of t h e  el e m e n t s  h ave  b e e n  d r a w n  u p  on  a  la r g e
sc al e,  r e a dy for  p u blica tion,  a n d  t h e  g r e a t e r  p a r t
of t h e  line s  in t h e  m a p  of t h e  sol a r  s p e c t r u m  h av e
b e e n  ide n tified.   The  following  ro u g h  t a bl e  of
t h e  sol a r  el e m e n t s  h a s  b e e n  cons t r uc t e d  e n ti r ely a cco r ding
to  P rof.  Rowla n d’s ow n  obs e rv a tions,  a l t hou g h,
of cou r s e ,  m os t  of t h e m  h ave  b e e n  give n  by o t h e r s :  
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Ele m e n t s  in t h e  S u n,  arran g e d  according  to  In t e n si ty
and  t h e  N u m b er  of  Line s  in t h e  S olar S p e c tr u m .

  Acco rding  to  in t e n si ty.          
   According  to  n u m b er.

Calciu m    Zirconiu m          I ron  (2,00 0  o r  m o r e)  M a g n e siu m  (20  o r  m o r e)
Iron       Molybd e n u m         Nickel               Sodiu m  (11)
Hyd rog e n   Lan t h a n u m          Tit aniu m              Silicon
Sodiu m     Niobiu m            M a n g a n e s e             S t ro n tiu m
Nickel    Palladiu m          Ch ro miu m              Ba riu m
M a g n e siu m  N e o dy miu m          Cob al t                Aluminu m  (4)
Cob al t     Copp e r             Ca r bon  (200  o r  m o r e)  Ca d miu m
Silicon    Zinc               Vana diu m              Rhodiu m
Alumin u m   Ca d miu m            Zi rconiu m             E r biu m
Tit a niu m   Ce riu m             Ce riu m                Zinc
Ch ro miu m   Glucin u m           Calciu m  (75  o r  m o r e)  Cop p e r  (2)
M a n g a n e s e  Ger m a niu m          Sc a n diu m              Silve r  (2)
S t ro n tiu m  Rhodiu m            N eo dy miu m             Glucinu m  (2)
Vana diu m   Silve r             La n t h a n u m             Ge r m a niu m
Bariu m     Tin               Ytt riu m               Tin
Ca r bon     Lea d               Niobiu m               Lea d  (1)
Sc a n diu m   E r biu m             Molybd e n u m            Pot a s siu m  (1)
Ytt riu m    Pot a s siu m          Palladiu m

Doub t ful Ele m e n t s .

117



Page 64

Iridiu m,  os miu m,  pl a tin u m,  r u t h e niu m,  t a n t alu m,  t ho riu m,
t u n gs t e n,  u r a niu m.

N o t  in  S olar S p e c tr u m .

Antimo ny, a r s e nic,  bis m u t h,  bo ro n,  ni t ro g e n,  c a e siu m,
gold,  indiu m,  m e r c u ry, p hos p ho r u s ,  r u bidiu m, s ele niu m,
s ulp h ur, t h alliu m,  p r a s eody miu m.

With  r e s p e c t  to  t h e s e  t a bl e s,  P rof.  Rowla n d  a d d s:  
“The  s u b s t a n c es  u n d e r  t h e  h e a d  of ‘Not
in t h e  Sola r  S p ec t r u m’ a r e  of t e n  pl ac e d  t h e r e
b ec a u s e  t h e  el e m e n t s  h ave  few s t ro n g  line s  o r  no n e
a t  all in  t h e  limit  of t h e  sola r  s p ec t r u m  w h e n  t h e
a r c  s p ec t r u m,  w hich  I h ave  u s e d ,  is e m ploye d.  
Thus,  bo ro n  h a s  only t wo  s t ron g  line s  a t  2 4 9 7.  
Again,  t h e  line s  of bis m u t h  a r e  all co m po u n d,  a n d
so  too  diffus e  to  a p p e a r  in t h e  sola r  s p e c t r u m.  
Ind e e d,  so m e  good  r e a so n  g e n e r ally a p p e a r s  for  t h ei r
a b s e n c e  fro m  t h e  sola r  s p ec t r u m.   Of co u r s e ,  t h e r e
is b u t  li t tl e  evide nc e  of t h ei r  a b s e nc e  fro m  t h e  s u n
its elf; w e r e  t h e  w hole  e a r t h  h e a t e d  to  t h e  t e m p e r a t u r e
of t h e  s u n,  it s  s p e c t r u m  wo uld  p ro b a bly r e s e m ble  t h a t
of t h e  s u n  ve ry clos ely.”

The  po w e rful ins t r u m e n t  u s e d  a t  Baltimor e  for  p ho tog r a p hing
s p ec t r a ,  a n d  t h e  m e a s u ring  e n gin e  cons t r uc t e d  to  fit
t h e  p ho tog r a p h s  so  t h a t  it s  r e a din gs  give  t h e  w ave
len g t hs  of line s  di r ec tly wit hin  1/100  of a  division
on  Angs t ro e m’s  sc al e,  give  t h e  for e going  r e s ul t s
a  w eig h t  s u p e rio r  to  m a ny o th e r s  p u blish e d.

*       *       *       *  
    *

ALLOTROPIC FORMS OF METALS.
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Writing  on  so m e  c u rious  p ro p e r ti e s  of m e t als  a n d  alloys,
Mr. W.C.  Rob e r t s-Aus t e n,  s ays  t h e  E n gin e er ,
r e m a rks  t h a t  t h e  impo r t a n c e  of t h e  iso m e ric  a n d  allot ropic
s t a t e s  h a s  b e e n  m u c h  n e glec t e d  in t h e  c a s e  of m e t als .  
Joule  a n d  Lyon Playfai r  s how e d,  in  1 8 4 6,  t h a t  m e t als
in diffe r e n t  allo t ropic s t a t e s  poss e s s  diffe r e n t  a to mic
volu m e s,  a n d  M a t t hi es s e n,  in  1 8 6 0,  w a s  led  to  t h e
view t h a t  in  ce r t ain  c a s e s  w h e r e  m e t als  a r e  alloyed
t h ey p a s s  in to  allo t ro pic  s t a t e s ,  p ro b a bly t h e  m os t
impor t a n t  g e n e r aliza tion  w hich  h a s  ye t  b e e n  m a d e  in
con n e c tion  wi th  t h e  m olec ula r  cons ti t u tion  of alloys. 
Ins t a nc es  of allot ropy in p u r e  m e t al s  a r e :   Bolley’s
lea d,  w hich  oxidizes  r e a dily in ai r;  Sc h u tz e n b e r g e r’s
cop p e r ;  F ri t sc h e’ tin,  w hich  falls  to  pow d e r
w h e n  expos e d  to  exc e p tion ally cold  win t e r ;  Gor e’s
a n ti mony; Gr a h a m’s p alladiu m  a n d  allot ro pic
nickel.  Joule  h a s  al so  p rove d  t h a t ,  w h e n  iron
is r el e a s e d  fro m  its  a m alg a m  by dis tilling  a w ay t h e
m e r c u ry, t h e  m e t allic iron  t ak es  fir e  on  expos u r e
to  air, a n d  is t h e r efo r e  cle a rly diffe r e n t  fro m  o r din a ry
iron.

*       *       *       *  
    *

A New Catalogue of Valuable Papers

Con t ain e d  in SCIE NTIFIC AMERICAN SUPPLEME NT d u ring
t h e  p a s t  t e n  yea r s,  s e n t  fr e e  of  charg e  to
a ny a d d r e s s .   M U N N  & CO., 3 6 1  Bro a d w ay, N e w  York.

*       *       *       *  
    *

THE SCIENTIFIC AMERICAN

Archit ec t s  a n d  Builde r s  Edi tion.
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$ 2.50  a  Year.  Single  Copies ,  2 5  c t s .

This  is a  S p e cial E di tion  of t h e  SCIE NTIFIC AMERICAN,
issu e d  m o n t hly—on  t h e  fir s t  d ay  of t h e
m o n t h .   E ac h  n u m b e r  con t ains  a bo u t  for ty la r g e
q u a r to  p a g e s,  e q u al  to  a bo u t  t wo  h u n d r e d  o rdin a ry  book
p a g e s ,  for min g,  p r a c tically, a  la rg e  a n d  s ple n did
MAGAZINE OF  ARCHITECTURE, ric hly a do r n e d  wi th  el e ga n t
pla t e s  in colors  a n d  wi th  fine  e n g r avings,  illus t r a tin g
t h e  m o s t  in t e r e s ting  ex a m ples  of m o d e r n  Archit ec t u r al
Cons t r u c tion  a n d  allied  s u bjec t s .

A s p e ci al fea t u r e  is t h e  p r e s e n t a tion  in e a c h  n u m b e r
of a  va ri e ty of t h e  la t e s t  a n d  b e s t  pla ns  for  p riva t e
r e sid e nc e s,  ci ty a n d  co u n t ry, includin g  t hos e  of ve ry
m o d e r a t e  cos t  a s  w ell a s  t h e  m o r e  exp e n sive.  
Dr a wings  in p e r s p e c tive  a n d  in colo r  a r e  give n,  tog e t h e r
wi th  full Pla ns ,  S p e cifica tions,  Cos t s,  Bills  of Es ti m a t e ,
a n d  S h e e t s  of Det ails.

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

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

M a ny ot h e r  s u bjec t s,  including  S e w e r a g e,  Piping,  Ligh ting,
War min g,  Ventila ting,  Deco r a ting,  Laying  ou t  of Grou n d s,
e t c ., a r e  illus t r a t e d.   An ex t e n sive  Co m p e n diu m
of M a n ufac t u r e r s’ Annou nc e m e n t s  is al so  given,
in  w hich  t h e  m o s t  r eli able  a n d  a p p rove d  Building  M a t e ri als,
Goods,  M a c hine s ,  Tools, a n d  Applia nc e s  a r e  d e sc rib e d
a n d  illus t r a t e d ,  wi th  a d d r e s s e s  of t h e  m a k e r s ,  e t c .
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The  fullnes s,  r ich n e s s ,  ch e a p n e s s ,  a n d  conve nie nc e
of t his  wo rk  h ave  wo n  for  it  t h e  LARGEST CIRCULATION
of a ny Archit ec t u r al p u blica tion  in t h e  world.

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

M U N N &  CO., PUBLIS HERS,

3 6 1  BROADWAY, N EW YORK.

*       *       *       *  
    *

Building  Plans  a n d  S p ecifica tions.

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

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

Thos e  w ho  con t e m pla t e  b uilding,  o r  w ho  wish  to  al t er,
imp rove,  ex t e n d,  o r  a d d  to  exis ting  b uildings,  w h e t h e r
wings,  po rc h e s ,  b ay window s,  o r  a t tic  r oo m s,  a r e  invit e d
to  co m m u nic a t e  wi th  t h e  u n d e r sign e d.   Ou r  wo rk
ex t e n d s  to  all p a r t s  of t h e  cou n t ry.  Es tim a t e s ,
pl a n s,  a n d  d r a wings  p ro m p tly p r e p a r e d.   Ter m s
m o d e r a t e .   Addr es s
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M U N N  & CO., 3 6 1  BROADWAY, N EW YORK.

*       *       *       *  
    *

THE SCIENTIFIC AMERICAN SUPPLEMENT.

PUBLISH ED WEEKLY.

TERMS OF S UBSCRIPTION, $ 5  A YEAR.

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

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

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

COMBINED RATES—On e  copy of SCIE NTIFIC AMERICAN
a n d  on e  copy of SCIE NTIFIC AMERICAN S UPPLEME NT, on e
ye ar, pos t p aid,  $ 7.00.

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

M U N N  & CO., PUBLIS HERS,

3 6 1  BROADWAY, N EW YORK, N.Y.

*       *       *       *  
    *
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Useful Engineering Books

M a n ufac t u r e r s ,  Agricul tu ris t s ,  Ch e mis t s ,  E n gin e e r s,
M ec h a nics,  Builde r s ,  m e n  of leisu r e ,  a n d  p rofe ssion al
m e n,  of all cla s s e s ,  n e e d  good  books  in t h e  line  of
t h ei r  r e s p e c tive  c allings.   Ou r  pos t  office  d e p a r t m e n t
p e r mi t s  t h e  t r a n s mission  of books  t h ro u g h  t h e  m ails
a t  ve ry s m all cos t.   A co m p r e h e n sive  c a t alog u e
of u s eful books  by  diffe r e n t  a u t ho r s ,  on  m o r e  t h a n
fifty diffe r e n t  s u bjec t s,  h a s  r e c e n tly b e e n  p u blish e d,
for  fr e e  ci rc ul a tion,  a t  t h e  office  of t his  p a p er. 
S u bjec t s  cl a s sified  wit h  n a m e s  of a u t hor.  Pe r so ns
d e si ring  a  copy h ave  only to  a sk  for  it,  a n d  it will
b e  m ailed  to  t h e m.   Addr e ss ,

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

*       *       *       *  
    *

PATENTS.

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

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

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

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

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

Bra nc h  Office,  6 2 2  a n d  6 2 4  F  S t .,  Washing to n,  D.C.       
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