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VI.  Miscellaneous.—A Clinical Lesson at “La Salpetriere.”—A
      portraiture picture by M. Andre Brouillet, of a clinic.—2
      illustrations.
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      erected in Paris by popular subscription.—1 illustration.
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      exhibition of ships and naval appliances at Havre.—1 illustration.
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      speed.

VIII.  ORDNANCE.—Our Coast Defenses.—An interesting summary by Gen. H.L.  
ABBOTT of our means for defending our coasts.

      The New Krupp Guns.—The dimensions of the largest guns in
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      Arts of London, giving an exhaustive review of the subject.—15
      illustrations.

* * * * *

THE HAVRE MARITIME EXHIBITION.

The Havre Maritime Exhibition opened on the 7th of May.

Will this exhibition awaken general interest, or will it prove a local affair simply?  This is 
a secret of the weeks that are to follow.

Should nothing chance to discourage the general interest that surrounds Havre, to 
dampen the enthusiasm of the public, or to act to the prejudice of the exhibitors, whose 
very evident desire is to show nothing but remarkable products in every line, the 
International Maritime Exhibition will prove a great success.

[Illustration:  The International marine exhibition at Havre.—The principal entrance.]
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The people of Havre have two points of comparison that more particularly concern 
themselves:  Their Maritime Exhibition of 1868, which, as far as exhibition goes, was a 
complete success, is the first.  The financial results of it were not brilliant, but that was 
due to certain reasons upon which it is not necessary to dwell.  On the contrary, the 
Rouen Exhibition of 1884 proved profitable.

The Havre Exhibition, under able management, can have only a like good fortune.  It 
must be said that the people of Havre would be deeply humiliated should it prove 
otherwise.

A very appropriate location was selected for the Exhibition, in the busiest quarter of the 
center of the city.  Its circumference embraces one of the finest docks of the port—the 
Commerce Dock, thus named because it could not be finished (in 1827) except by the 
financial co-operation of the shipowners and merchants of the city.  For the purposes of 
the Exhibition, this dock is now temporarily closed to navigation.

In the various structures, wood has been exclusively employed.  The main building, 
which alone has a monumental character, is Arabic in style, and is situated in the center 
of Gambetta Place, over Paris Street, which here becomes a tunnel.  Two facades 
overlook the ends of this tunnel.  A third facade, which is much longer, fronts Commerce
Dock.

The edifice is surmounted by a spherical cupola that serves as a base to a semaphore 
provided with masts and rigging.  On each side of the sphere there are two pendent 
beacons.  Wide glazed bays open in the external facades, and allow the eye to wander 
to the south through Paris Street as far as to the outer port, to the summits of Floride, 
and to see beyond this point the bay of La Seine, Honfleur, and the coast of Grace.  To 
the north, the most limited view has for perspective the City Hall, its garden, and the 
charming coast of Ingonville.

The principal facade, that which fronts Commerce Dock, from which it is separated 
solely by a garden laid out on Mature Place, is the most attractive and most 
ornamented.  Here are located the restaurants, the cafes, the music pavilion, and a few 
other light structures.

Internally, this portion of the Exhibition comprises a vast entertainment hall, brilliantly 
and artistically decorated with tympans representing the three principal ports of 
commerce—Havre, Bordeaux, and Marseilles—and with pictures by the best marine 
painters.  It is lighted by an immense stained glass window which fronts Commerce 
Dock and the garden, and which lets in a flood of soft light.

The galleries to the right and left, over Paris Street, are reserved for the exhibitions of 
the ministers of state and of the large public departments, and for models, specimens, 
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plans, and drawings of war and merchant vessels, and of pleasure boats, and for plans 
of port, roadstead, and river works.

Two endless galleries run to the north and south of Commerce Dock, parallel with 
Orleans Wharf on the one hand and Lamblardie Wharf on the other.
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The northern gallery is connected by a foot bridge with the annex of Commerce Place, 
where is located the colonial exhibition, the center of which is occupied by a Cambodian
pavilion, in which are brought together the products of Indo-China and Algeria.  For half 
of their extent, the two galleries are separated from the dock by a promenade provided 
with seats and covered with a roof.  On this promenade, it became necessary to make 
room for certain belated exhibitors whose products are not affected by the open air.

In Commerce Dock are to be seen, floating, specimens of every ancient and modern 
naval construction, French and foreign, among which are the state convette Favorite 
and an English three-master converted into a cafe boat.  We find here, too, the giant 
and prehistoric oak of the Rhine, on board of the Drysphore.

Commerce Dock is divided into two parts by a foot bridge, which allows the visitors to 
pass from one side to the other without being compelled to tiresomely retrace their 
steps.

The main entrance to the Exhibition is opposite the portico of the theater, on Gambetta 
Place.  A second entrance is found on Commerce Place in the colonies annex.  The 
others, near the center, are on Orleans Wharf, opposite Edward Larue Street, and on 
Lamblardie Wharf, opposite Hospital Street and opposite Saint Louis Street.

The garden of the Exhibition and the galleries that surround it are illuminated at night by
the electric light.—L’Illustration.

* * * * *

OUR COAST DEFENSES.

General H.L.  Abbott delivered a lecture before the Academy of Sciences in New York, 
on the evening of March 21, a summary of which is given by the Herald as follows: 

According to General Abbott, the country needs for its coast defenses: 

    Heavy guns;
    Armor-clad casemates;
    Disappearing gun carriages in earthworks;
    Heavy mortars;
    Submarine mines or fixed torpedoes; and
    Fish torpedoes.

The lecturer said that this nation may be attacked in four ways:  First, by fleet and army 
combined, as in our revolutionary war; second, by blockading the entrances to all our 
ports; third, by bombardment of our seaport cities from a long distance; fourth, by a fleet
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forcing its way into our harbors, and making a direct attack or levying tribute on our 
people.

The first is not now greatly to be feared.  We are too distant from great powers, and too 
strong on land.

The second should be met by the navy, and is, therefore, outside a discussion of coast 
defenses.

The third is not probable, though it may be possible.  The extreme range of 10 miles for 
heavy guns cannot be obtained from shipboard, and as an elevation of only 15 deg. or 
16 deg. can be given, not over 5 to 6 miles range is attainable.

The fourth is the one which is possible, probable, even certain—if we have war before 
we have better defenses.
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The race between guns and armor began about thirty years ago, and there has been 
more development in ships and guns in that time than in the two hundred preceding 
years.  The jump has been from the 7 in. rifle as the largest piece to the 110 ton 
Armstrong; in armor, from 41/2 in. of iron to the Inflexible with 22 in. of steel plating.  
The new Armstrong gun of 110 tons, tried only recently, with 850 pounds of powder and 
an 1,800 pound shot can pierce all the targets, and so far guns have the victory over 
armor.  This gun developed 57,000 foot tons of energy, and will probably reach 62,000.  
Imagine the Egyptian needle in Central Park, shod on its apex with hard steel, dropped 
point downward from the height of Trinity steeple; it weighs 225 tons, and it would strike 
with just about the effect of one of the 110 ton gun’s projectiles.  Two of these guns are 
ready for the ironclad Benbow, and the Italians have several equally powerful of 119 
tons from Herr Krupp.  The most powerful gun in the United States, the 15 in. or the 12 
in. rifle, has a muzzle energy of 3,800 foot tons.

Ships like the Inflexible are the most powerful afloat.  A steel water-tight deck extends 
across the ship, and she has 135 water-tight compartments.  Her guns and engines 
amidships have a protection of 24 in. of armor, and amidships she has a citadel carrying
two revolving turrets, each containing two 80 ton guns.  Her turret armor is 18 in. thick.  
She can make 14 knots, and she has cost $3,500,000.  But she has a low freeboard, 
and the guns, therefore, get no plunging fire.

The French ship Meta has her heaviest guns mounted en barbette, high above the 
water line, giving a splendid plunging fire.

Either of these ships could enter any of our harbors and hold us at her mercy.

The entrance to the harbor of Alexandria, Egypt, is about 5 miles across.  At the time of 
the bombardment the protecting fortifications were situated at the east end, in the 
center, and at the west end.  On the west there were mounted 20 modern guns of great 
size and power, and there were 7 others at the east end.

Although the Egyptians fought bravely, they did very little harm to the English fleet, while
on the second day the defense was silenced altogether.  Following the bombardment—-
as in Paris—came the reign of mob law, doing more harm than the shells had done; and
it is a possibility that every such bombardment would be followed by such an overthrow
—at least temporary—of all forms of law and order.

The ships that had silenced the Alexandria batteries—which had 27 heavy guns more 
than we have—could reach our coasts in 10 or 12 days, and we would have nothing to 
meet them.

Armor-clad casemates are beginning to take the place of masonry.  A tremendous 
thickness of masonry is built up to the very embrasures for the guns in the steel-clad 
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turrets.  This (the Gruson) system has been adopted by Belgium, Holland, Germany, 
Austria, and Italy.
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In 1882 England had 434 heavy modern guns behind armored shore batteries; besides 
these at home, she had 92 in her colonies, of which 13 were in Halifax and 11 in 
Bermuda—for our express benefit.

What we have are brick and stone casemates and earthworks.  A sample granite 
casemate, with iron-lined embrasure, was built at Fortress Monroe, and 8 shots were 
fired at it from a 12 in. rifle converted from an old 15 in. smooth bore.  This gun 
develops only 3,800 foot tons of energy—a mere nothing compared with the 62,000 foot
tons of the English and German 110 ton guns.

General Abbott showed most conclusive proof of the worthlessness of masonry forts in 
pictures showing the effect of the shots.  The massive 8 feet thickness of granite was 
pierced and battered till it looked like a ruin.  Not a man inside would have been left 
alive.

He also showed a “disappearing” gun in an earthwork, the gun recoiling below the level 
of the parapet and being run up to a firing position by a counterweight.  In 1878 
Congress stopped all appropriations for defenses, and nothing had been done since.

General Abbott said that we needed submarine mines or fixed torpedoes, which should 
be thickly interspersed about the channel and be exploded by an electric battery on 
shore.  To prevent these torpedoes from being exploded by the enemy, the surface over 
them should be covered by plenty of guns.  Heavy guns and mortars were needed to 
resist attacks by heavy iron-clads.  Movable torpedoes were valuable, but only as an 
auxiliary—a very minor auxiliary—compared with submarine mines.  We should be 
cautious not to infer that torpedoes made a satisfactory defense alone, as they must be 
protected by large and small guns, and they form only a part of the chain of general 
defenses.

* * * * *

THE STEAMSHIP GREAT EASTERN.

[Footnote:  See Engraving in supplement no. 584.]

The history of the Great Eastern is full of surprises.  It is always that which is most 
unlikely to happen to her which occurs.  Not long since we recorded her sale by auction 
in Liverpool for L26,000.  It was stated that her purchasers were going to fit her out for 
the Australian trade, and that she would at once be sent from Dublin to Glasgow to be 
fitted with new engines and boilers, and to undergo thorough renovation.  Lord 
Ravensworth, in his address to the Institution of Naval Architects, spoke recently of the 
bright future before her in that Australian trade for which she was specially built.  Yet at 
this moment the Great Eastern is lying in her old berth in the Sloyne at Liverpool, and 
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unless something else at present quite unforeseen takes place, she will once more play 
the undignified part of a floating music hall.  It seems that although she was certainly 
sold, as we have stated, the transaction was not completed.  Her owners then cast 
about for the next highest bidder,
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who at once took her.  He is, we understand, a Manchester cotton spinner, and he paid 
L25,500 for her.  It is no secret that Messrs. Lewis made a considerable sum out of the 
ship last year, and the knowledge of this fact has no doubt induced her present owner to
follow their example.  The ship left Dublin on Sunday, April 3, under her own steam and 
in tow of two Liverpool tugs, the Brilliant Star and the Wrestler, and arrived in the 
Mersey without accident on Monday, after a passage of only thirteen hours.  Mr. 
Reeves, formerly her chief officer, has been made captain.  Mr. Jackson is still chief 
engineer.  We cannot at present explain the fact that she went more than twice as fast 
as she has done recently, her engines making as many as 36 revolutions a minute, 
save on the assumption that while lying at Dublin much of the enormous growth of 
seaweed on her bottom died off, as will sometimes happen as a result of change of 
water.  Her engines and boilers, too, have had a good overhaul by Mr. Jackson, and this
may account in part for this improvement.  It is much to be regretted that the scheme of 
using the ship for her legitimate purpose has not been carried out.  It is not, however, 
yet too late.  The Great Eastern was not a success in Dublin, for one reason, that a beer
and spirit license could not be obtained for her.  It is said that notice has been given at 
the Birkenhead police court that any application for a license of a similar kind will be 
opposed.  Whether the ship will be as popular a resort without as she was with a 
license, we cannot pretend to say; and we may add that all our predilections are against
her degradation to the status of a floating music hall.  The greater her failure as such, 
the greater the chance of her being put to a better use; and it may help to that desirable 
end if we say here something concerning the way in which she could be rendered a 
commercial success as a trader.

It may be taken as proved that the present value of the ship is about L26,000.  Mr. De 
Mattos gave, we understand, L27,000 for her, and he bought her by auction.  The last 
sale gives nearly the same figures.  If we assume that there are 10,000 tons of iron in 
her, we may also assume that if broken up it would not fetch more than L3 a ton at 
present rates; but even if we say L4, we have as a total but L40,000.  To break the ship 
up would be a herculean task; we very much doubt if it could be done for the difference 
between L26,000 and L40,000; her engines would only sell for old iron, being entirely 
worthless for any other place than the foundry once they were taken out of her; as for 
her boilers, the less said about them the better.  In one word, she would not pay to 
break up.  On the other hand, by a comparatively moderate further outlay, she might be 
made the finest trading ship afloat.  There are two harbors at all events into which she 
can always get, namely, Milford and Sydney.  There are others, of course, but these will 
do; and the ship could trade
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between these two ports.  By taking out her paddle engines, she would be relieved of a 
weight of 850 tons.  The removal of her paddle engine boilers would further lighten her, 
and would give in addition an enormous stowage space.  By using her both as a cargo 
and a passenger ship, the whole of the upper portion could be utilized for emigrants, let 
us say, and the lower decks for cargo, of which she could carry nearly, if not quite, 
20,000 tons.  She would possess the great advantage that, notwithstanding she was a 
cargo ship, she would be nearly, if not quite, as fast as any, save a few of the most 
recent additions to the Australian fleet.  There is every reason to believe that she has 
been driven at 14 knots by about 6,000 horse power.  We are inclined to think that the 
power has been overstated, and we have it on good authority that she has more than 
once attained a speed of 15 knots.  Let us assume, however, that her speed is to be 13 
knots, or about fifteen miles an hour.  Assuming the power required to vary as the cube 
of the speed, if 6,000 horsepower gave 14 knots, then about 4,800 would give 13 knots
—say 5,000 horse power.  Now, good compound engines of this power ought not to 
burn more than 2 lb. per horse per hour, or say 4.5 tons per hour, or 108 tons a day.  
Allowing the trip to Australia to take forty days, we have 4,320 tons of coal—say 5,000 
tons for the trip.  The Etruria burns about this quantity in the run to New York and back.  
For each ton of coal burned in the Great Eastern about 15,000 tons of cargo and 3,000 
passengers could be moved about 3-1/3 miles.  There is, we need hardly say, nothing 
afloat which can compare in economy of fuel with this.  Taken on another basis, we may
compare her with an ordinary cargo boat.  In such a vessel about 3,000 tons of grain 
can be moved at 9 knots an hour for 600 horse power—that is 5 tons of cargo per horse
power.  Reducing the speed of the Great Eastern to 9 knots and about 2,000 horse 
power, we have 9 tons of cargo moved at 9 knots per horse power; so that in the 
relation of coal burned to cargo moved she would be nearly twice as economical as any 
other vessel afloat.

The important question is, What would the necessary alterations cost?  Much, of 
course, would depend on what was done.  A very large part of the present screw 
engines could be used.  For example, the crank shaft, some 2 feet in diameter, is a 
splendid job, and no difficulty need be met with in working in nearly the whole of the 
present framing.  If the engines were only to be compound, two of the existing cylinders 
might be left where they are, two high-pressure cylinders being substituted for the 
others.  If triple expansion were adopted, then new engines would be wanted, but the 
present crank and screw shafts would answer perfectly.  The present screw would have 
to be removed and one of smaller diameter and less pitch put in its place.  All things 
considered, we believe that for about L75,000 the Great Eastern
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could be entirely renovated and remodeled inside.  Her owners would then have for, 
say, L100,000 a ship without a rival.  Her freights might be cut so low that she would 
always have cargo enough, and her speed and moderate fares ought to attract plenty of
passengers.  Sum up the matter how we may, there appears to be a good case for 
further investigation and inquiry as to the prospects of success for such a ship in the 
Australian trade, and the opinion of merchants and others in Melbourne and Sydney 
ought to be obtained.  Something would be gained even if the opinions of unprejudiced 
experts were adverse.  We might then rest content to regard the ship as an utter failure, 
and not object to see her sunk and filled with concrete to play the part of a breakwater.  
Until, however, such an opinion has been expressed after full discussion, we must 
continue to regard the ship as fit for something better than a music hall and dancing 
saloon.—The Engineer.

* * * * *

THE NEW GERMAN CORVETTE GREIF.

Our cut represents the corvette Greif—the latest addition to the German fleet—on its 
trial trip, March 10.  As other naval powers, especially England and France, have lately 
built corvettes and cruisers which can travel from 17 to 18 knots, while the fastest 
German boats, Blitz and Pfeil, can make only 16 knots an hour, the chief of the Imperial 
Admiralty decided to construct a corvette which should be the fastest vessel in the 
world.  The order was given to the ship and engine corporation “Germania,” of Berlin 
and Keil, in April, 1885, the requirements being that the engines should generate 5,400 
h.p., and that the vessel, when loaded, should have a speed of 19 knots, a point which 
has never been reached by any boat of its size.  The hull is made of the best German 
steel of Krupp’s manufacture, and measures 318 ft. in length at the water line, with a 
breadth of beam of 33 ft., the depth from keel to deck being 22 ft.  It draws about 11 ft., 
and has a displacement of 2,000 tons.

As the vessel is to be used principally as a dispatch boat and for reconnoitering, and as
—on account of its great speed—it will not be obliged to come into conflict with larger 
and stronger men-of-war, no great preparations for protection were needed, nor was it 
necessary that it should be heavily armed, all available room being devoted to the 
engines, boilers, and the storing of coal; these occupy more than half the length of the 
vessel, leaving only space enough for the accommodation of the officers and crew at 
the ends.  The armament consists of five Hotchkiss revolving guns on each side, and a 
4 in. gun at each end, the latter being so arranged that each one can sweep half the 
horizon.
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The keel was laid in August, 1885, and the ship was launched July 29, 1886, on which 
occasion it was christened Greif.  On the trial trip it was found that the slender shape of 
the vessel adapted it for the development of a very high rate of speed under favorable 
conditions, when it can make at least 22 knots an hour, so that the speed of 19 knots an
hour guaranteed by the builders can certainly be reached, even when traveling at a 
disadvantage.  In spite of its great length, the Greif can be easily maneuvered.  When 
moving forward at full speed, it can be made to describe a circle by proper manipulation 
of the rudder, and by turning one screw forward and the other backward, the ship can 
be turned in a channel of its own length.

[Illustration:  The new German war steamer Greif.]

A large and rapid cruiser, also for the German navy, is being built by the corporation 
“Germania”.  This vessel is of about the same length as the Greif, has more than double
its displacement, and will make 18 knots an hour, an unusual rate of speed for a vessel 
of its class.  It will be launched by the last of the summer or early in the fall.

* * * * *

TWIN SCREW TORPEDO BOAT.

We give several illustrations of a sea going twin screw torpedo boat lately built for the 
Italian government by Messrs. Yarrow & Co., of Poplar.  The vessel in question is 140 ft.
long by 14 ft. wide, and her displacement approaches close on 100 tons.  The engines 
are of the compound surface condensing type ordinarily fitted by this firm in their 
torpedo boats, excepting where triple compounds are fitted.  The general arrangement 
is shown by the sectional plan.  As will be noticed, there are two boilers, one before and 
the other aft of the engines, and either boiler is arranged to supply either or both the 
engines.  Yarrow’s patent water tight ash pans are fitted to each boiler, to prevent the 
fire being extinguished by a sudden influx of water into the stokehold.  There is an 
independent centrifugal pumping engine arranged to take its suction from any 
compartment of the boat.  There are also steam ejectors and hand pumps to each 
compartment.  These compartments are very numerous, as the space is much 
subdivided, both from considerations of strength and safety.  Bow and stern rudders are
fitted, each having independent steam steering gear, but both rudders can be worked in 
unison, or they can be immediately changed to hand gear when necessary.  The 
accommodation is very good for a vessel of this class.  Officers’ and petty officers’ 
cabins are aft, while the crew is berthed forward.

[Illustration:  Twin screw torpedo boat for the Italian government.]
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The armament consists of two bow tubes built in the boat.  There are two turntables, as 
shown in the illustrations, each fitted with two torpedo tubes.  These, it will be noticed, 
are not arranged parallel to each other, but lie at a small angle, so that if both torpedoes
are ejected at once, they will take a somewhat divergent course.  Messrs. Yarrow have 
introduced this plan in order to give a better chance for one of the torpedoes to hit the 
vessel attacked.  There are two quick firing three pounder guns on deck, and there is a 
powerful search light, the dynamo and engine being placed in the galley compartment.

We believe, says Engineering, this torpedo boat, together with a sister vessel, built also 
for the Italian government, are the fastest vessels of their class yet tried, and it is certain
that the British Navy does not yet possess a craft to equal them.  It is an extraordinary 
and lamentable fact that Great Britain, which claims to be the foremost naval power in 
the world, has always been behind the times in the matter of torpedo boats.

The official trial of this boat was recently made in the Lower Hope in rough weather.  
The following is a copy of the official record of the six runs on the measured mile: 

    Boiler | Receiver | |Revolutions | | |Second
    Pressure.| Pressure.| Vacuum. | per Minute.| Speed.| Means.| Means.
-------------+----------+---------+------------+-------+----
---+------
      |lb. | lb. | in. | | | |
1 | 130 | 32 | 28 | 373 | 22.641| |
      | | | | | | 24.956|
2 | 130 | 32 | 28 | 372.7 | 27.272| | 24.992
      | | | | | | 25.028|
3 | 130 | 32 | 28 | 372 | 22.784| | 25.028
      | | | | | | 25.028|
4 | 130 | 32 | 28 | 377 | 27.272| | 25.138
      | | | | | | 25.248|
5 | 130 | 32 | 28 | 375 | 23.225| | 25.248
      | | | | | | 25.248|
6 | 130 | 32 | 28 | 377 | 27.272| |
      +------+----------+-----
----+------------+-------+-------+-------
Means.| 130 | 32 | 28 | 2741/2 | | | 25.101
             | | | | | | knots
-------------+----------+---------+------------+-------+----
---+-------

—Engineering.

* * * * *
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SOME RECENT HIGH-SPEED TWIN SCREWS.

[Footnote:  A paper recently read before the Institution of Naval Architects, London.]

By E.A.  Linnington.
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One of the most interesting and valuable features in the development of naval 
construction in recent years is the great advance which has been made in the speeds of
our war ships.  This advance has been general, and not confined to any particular 
vessel or class of vessel.  From the first class armored fighting ship of about 10,000 
tons displacement down to the comparatively diminutive cruiser of 1,500 tons, the very 
desirable quality of a high speed has been provided.

These are all twin screw ships, and each of the twins is driven by its own set of engines 
and line of shafting, so that the propelling machinery of each ship is duplicated 
throughout.  The speeds attained indicate a high efficiency with the twin screws.  In all 
ships, but more especially in high speed ships, success depends largely upon the 
provision of propellers suited for the work they have to perform, and where a high 
propulsive efficiency has been secured, there is no doubt the screws are working with a 
high efficiency.  The principal purpose of this paper is to record the particulars of the 
propellers, and the results of the trials of several of these high speed twin screw ships.  
The table gives the leading particulars of several classes of ships, the particulars of the 
screws, and the results obtained on the measured mile trials from a ship of each class, 
except C. The vessels whose trials are inserted in the table have not been selected as 
showing the highest speeds for the several classes.  Excepting C, they are the ships 
which have been run on the measured mile at or near the designed load water line.  On 
light draught trials, speeds have been attained from half a knot to a knot higher than 
those here recorded.  No ship of the class C has yet been officially tried on the 
measured mile, but as several are in a forward state, perhaps the actual data from one 
of them may shortly be obtained.  All these measured mile trials were made under the 
usual Admiralty conditions, that is to say, the ships’ bottoms and the screws were clean, 
and the force of the wind and state of the sea were not such as to make the trials 
useless for purposes of comparison.  On such trials the i.h.p. is obtained from diagrams 
taken while the ship is on the mile, and the revolutions are recorded by ruechanical 
counters for the time occupied in running the mile.  Not less than four runs are made 
during a trial extending over several hours.  The i.h.p. in the table is not necessarily the 
maximum during the trial, for the average while on the mile is sometimes a little below 
the average for the whole of the trial.  The revolutions are the mean for the two sets of 
engines, and the i.h.p. is the sum of the powers of the two sets.  The pitch of the screw 
is measured.  The bolt holes in the blade flanges allow an adjustment of pitch, but in 
each case the blades were set as nearly as possible at the pitch at which they were 
cast.  The particulars given in the table may be taken to be as reliable and accurate as 
such things can be
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obtained, and for each ship there are corresponding data; that is, the powers, speeds, 
displacements, revolutions, pitches, and other items existed at the same time.  There 
are a few points of detail about these propellers which deserve a passing notice.  In Fig.
1 is shown a fore and aft section through the boss.  It will be observed that the flanges 
of the blades are sunk into the boss, and that the bolts are sunk into the flanges.  The 
recess for the bolt heads is covered with a thin plate having the curve of the flange, so 
that the flanges and the boss form a section of a sphere.  This method of construction is
a little more expensive than exposed flanges and bolts, which, however, render the boss
a huge churn.  With the high revolutions at which these screws work, a spherical boss is
extremely desirable, but, of course, the details need not be exactly as shown in the 
illustration.  The conical tail is fitted to prevent loss with eddies behind the flat end of the
boss, and is particularly valuable with the screws of high speed ships.  The light hood 
shown on the stern bracket is for the purpose of preventing eddies behind the boss of 
the stern bracket, and to save the resistance of the flat face of the screw boss.  The 
edges of the blades are cast sharp, instead of being rounded at the back, with a small 
radius, as in the usual practice—the object of the sharp edge being the diminution of the
edge resistance.  The driving key extends the whole length of the boss, and the tapered
shaft fits throughout its length.

[Illustration:  Fig. 1.]

These points of detail have been features of all Admiralty screws for some years.

The frictional resistance of screw propellers is always a fruitful source of inefficiency.  
With a given screw, the loss due to friction may be taken to vary approximately as the 
square of the speed.  This is not to say that the frictional resistance is greater in 
proportion to the thrust at high than at low speeds.  The blades of screws for any speed 
should be as smooth and clean as possible, but for high speed screws the absolute 
saving of friction may be considerable with an improvement of the surface.  There is no 
permanent advantage in polishing the blades.  No doubt there is some advantage for a 
little time, and, probably, better results may thereby be secured on trial, but the blades 
soon become rough, and shell fish and weed appear to grow as rapidly on recently 
polished blades as on an ordinary surface.  These screws are of gun metal.  They were 
fitted to the ships in the condition in which they left the foundry.  It appears that within 
certain limits mere shape of blade does not affect the efficiency of the screw, but, with a 
given number of blades and a given disk, the possible variations in the form or 
distribution of a given area are such that different results may be realized.  The shapes 
of the blades of these propellers are shown in Figs. 2, 3, and 4.  It will be seen the 
shapes are not exactly the same for all the screws, but the differences do not call for 
much remark.
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[Illustration:  Fig. 2., Fig. 3. & Fig. 4.]

Fig. 2 shows the blades for the A screw.  C and D have the same form.  Fig. 3 shows in 
full lines the blades of the B screw, and, though very narrow at the tips, they, like A, are 
after the Griffith pattern.  The blades of E and F are of a similar shape, as shown in Fig. 
4, and approach an oval form rather than the Griffith pattern.  The particulars of these 
propellers would be considered incomplete without some reference to their positions 
with respect to the hulls.  When deciding the positions of twin screws, there is room for 
variation, vertically, longitudinally, and transversely.  For these screws, the immersions 
inserted in the table give the vertical positions.  The immersion in A is 9 ft., showing 
what may be done in a deep draught ship with a small screw.  Whatever the value of 
deep immersion may be in smooth water, there can be no question that it is much 
enhanced in a seaway.  The longitudinal positions are such that the center of the screw 
is about one-fifth of the diameter forward of the aft side of the rudder post.  The 
positions may, perhaps, differ somewhat from this rule without appreciably affecting the 
performance, but, if any alteration be made, it would probably be better to put the 
screws a little farther aft rather than forward.  The forward edges of the blades are from 
2 ft. to 3 ft. clear of the legs of the bracket which carries the after bearing.  The 
transverse positions are decided, to some extent, by the distance between the center 
lines of the engines.  As regards propulsive efficiency, it would appear that the nearer 
the screws are to the middle line, the less is the resistance due to the shaft tubes and 
brackets, and the greater is the gain from the wake in the screw efficiency, but, on the 
other hand, the greater is the augment of the ship’s resistance, due to the action of the 
screws.  Further, the nearer the screws are to the hull, the less are they exposed.  But 
experience is not wanting to show that the vibration may be troublesome when the 
blades come within a few inches of the hull.  The average of the clearances between 
the tips of the blades and the respective hulls is about one-eighth of the diameter of the 
screw.

An interesting and noteworthy fact in connection with these propellers is the wide 
differences in the pitches and revolutions, though the products of the two do not greatly 
vary.  Such differences are extremely rare in the mercantile marine for similar speeds, 
but in war ships they are inseparable from the conditions of the engine design.  As a 
general rule, with (revolutions x pitch) a constant, an increase of revolutions and the 
consequent decrease of pitch allow a diminution of disk and of blade area—other 
modifying conditions, such as the thrust, slip, number, and pattern of blades, being the 
same.  The screws for E and F are interesting, because, with practically the same 
speeds and slips, there is a considerable
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difference in the revolutions.  It will be observed that F is a vessel of finer form and a 
little less displacement than E, and, therefore, has less resistance.  Although E has the 
greater resistance and the screw the smaller pitch/diameter, the higher revolutions 
permit the use of a smaller screw.  But from this example the influence of the high 
revolutions in diminishing the size of screw does not appear so great as some empirical 
rules would indicate.  The screws for A and B are also worthy of attention.  Although the 
ship A has a much greater resistance than B, the screw of the former is much the 
smaller, both in the blade area and the disk.  A’s screws, however, in addition to 22 per 
cent. more revolutions than B, have a much larger slip, and the blades have rather a 
fuller form at the tips.  Compared with the practice in the mercantile marine, the 
revolutions of these screws are very high, and from the foregoing remarks it may appear
that much larger screws would be required for a merchant ship than for a war ship of the
same displacement and speed.  There would, however, be several items favorable to 
the use of small screws.  For a given displacement the resistance would be less in the 
mercantile ship, and with the lower revolutions the proportion of blade area to the disk 
could be increased without impairing the efficiency.  Thus in passing from the war vessel
to a merchant ship of the same displacement, there are the lower revolutions favorable 
to a larger screw, but, on the other hand, the smaller resistance, larger proportion of 
blade area, and the coarser pitch, are favorable to a diminution of the screw.  The ship 
B has a very large screw at 88 revolutions, but the tips are very narrow.  If the blade 
were as dotted for a diameter of 16 ft., the same work could be done with the same 
revolutions, but with a little coarser pitch and a little more slip.

There is something to be said for large screws with a small proportion of blade area to 
disk.  For instance, two bladed screws have frequently given better results than four 
bladed screws of smaller diameter, neglecting, of course, the question of vibrations.  
Twin screws, however, should, as a rule, be made as small as possible in diameter 
without loss of efficiency.  The advantages of small twin screws are the shorter shaft 
tubes and stern brackets, deeper immersion, and less exposure as compared with large
screws.  The exposure of the screws is usually considered an objection, but, perhaps, 
too much has been made of it, for those well qualified to speak on the subject consider 
that careful handling of the ship would, in most cases, prevent damage to the screws, 
and that where the exposure is unusually great, effectual protection by portable 
protectors presents no insuperable difficulty.

High  s p e e d  t win  scr e w s .
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High  s p e e d  t win  scr e w s .
------------------------------------------------------------
---------
| S hip  A.|S hip  B. |S hip  C. |S hip  D. |S hip  E. |S hip  F.
------------------------------------------------------------
---------
Len g t h,  ft.         |   3 2 5   |   3 1 5   |   3 0 0   |   3 0 0   |   2 2 0   |   2 5 0
Bre a d t h,  ft.        |    6 8   |    6 1   |    5 6   |    4 6   |    3 4   |    3 2 1/2
|        |        |        |        |        |
Dr a u g h t  on  t r i al,   |  2 6  ft |  2 4  ft |        |  1 5  ft |  1 2  ft  |  1 3  ft
forw a r d.           |   2  in  |   6  in  |  ....  |   6  in |  1 0  in  |   1  in
|        |        |        |        |        |
Dr a u g h t  on  t r i al,   |  2 7  ft |  2 5  ft |        |  1 9  ft |  1 5  ft  |  1 4  ft
af t .               |   3  in  |   6  in |  ....  |   9  in |   2  in |   7  in
Displac e m e n t,        |        |        |        |        |        |
t ons .              |  9 ,69 0  |  7 ,64 5  |  5 ,0 0 0  |  3 , 58 4  |  1 ,56 0  |  1 ,54 4
I.M.S., s q.  ft.     |  1 , 56 0  |  1 ,28 7  |  1 ,00 0  |    7 4 4  |    4 3 8  |    3 9 2
S p e e d  of s hip,       |        |        |        |        |        |
kno t s.              |  1 6 .92  |  1 7.2 1  |  1 8.7 5  |  1 8.18  |  1 6 .91  |     1 7
I.H.P.              | 1 1,61 0  | 1 0,18 0  |  8 ,5 0 0  |  6 , 16 0  |  3 ,11 5  |  3 ,04 5
Revolu tions  p e r      |        |        |        |        |        |
min u t e .             |  1 0 7.2  |    8 8   |   1 2 0   |  1 2 2.6  |  1 5 0.4  |  1 3 2.1
|        |        |        |        |        |
Pi tc h  of            |  1 9  ft |  2 2  ft |  1 8  ft  |  1 7  ft |  1 2  ft |  1 4  ft
sc r ew.             |   5  in |        |   9  in |   6  in  |   7 1/2in  |   9  in
|        |        |        |        |        |
Slip. p e r  ce n t       |   1 7 .6  |   1 0    |   ...  |   1 4.2  |   9 .7   |   1 1.4
|        |        |        |        |        |
Dia m e t e r  of         |  1 5  ft |  1 8  ft  |  1 4  ft |  1 3  ft |  1 0  ft |  1 1  ft
sc r ew.            |   6  in |        |   6  in  |        |   6  in |
|        |        |        |        |        |
Dia m e t e r  of         |   4  ft |   4  ft |   3  ft |   3  ft |   2  ft |   2  ft
bos s.              |   4  in |  1 1  in |   9  in |   5  in |   9  in |  1 0  in
N u m b e r  of bl a d e s     |    4    |    4    |    3    |    3    |    3    |    3
Blad e  a r e a  of on e    |        |        |        |        |        |
s c r ew.             |    7 2   |    8 7   |    6 0   |    4 7   |    2 4   |    2 4
S h a p e  of bl a d e .      | Fig.  2 . | Fig.  3 . | Fig.  2 . | Fig.  2 . | Fig.  4 . | Fig.  4
Pi tc h               |        |        |        |        |        |
----------          |   1 .25  |   1 .22  |   1 .3   |   1 .34  |   1 .2   |   1 .34
Dia m e t e r             |        |        |        |        |        |
Disk              |        |        |        |        |        |
--------            |   2 .62  |   2 .92  |   2 .7 5  |   2 .8 2  |   3 .6   |   3 .9 6
Blad e  a r e a           |        |        |        |        |        |
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Im m e r sion  of        |   9  ft |   5  ft |        |   4  ft |   2  ft |   1  ft
sc r ew.            |        |   3  in  |  ....  |   4  in |   9  in |  1 0  in
------------------------------------------------------------
--------

The  slips  of t h e s e  sc r e w s  va ry fro m  1 0  to  1 7 1/2  p e r
c e n t .,  w hich  is c e r t ainly no t  a n  ex t e n sive  r a n g e,
con sid e ring  t h e  wid ely diffe r e n t  wo rking  con ditions.  
Slip, a s  a n  indic a tion  of t h e  efficiency of t h e  sc r ew,
is no t  only a n  in t e r e s ting  s u bjec t ,  b u t  it  is of t e n
on e  of impo r t a n c e .   In  t h e s e  s hip s,  how ever, t h e r e
is no t hing  a bo u t  t h e  slips  w hich  wo uld  give  ris e  to
a ny dou b t s  a s  to  t h e  fi tn e ss  of t h e  sc r e w s  for  t h ei r
wo rk.
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[Illus t r a tion:  Fig . 5 .  & Fig . 6 .]

The  a nci en t  fallacy t h a t  s m all slip  m e a n t  a  hig h  sc r e w
efficiency w a s  s u p po r t e d  by  t h e  g r e a t  a u t ho ri ty of
t h e  la t e  P rofes so r  R a nkine .   Expe ri e nc e  p rove d
t h a t  conside r a ble  slips  a n d  efficien t  sc r e w s  w e r e  co m p a nions.  
The  la t e  Mr. F ro u d e  offe r e d  a n  expla n a tion  of t his
g e n e r al  r ul e  in a  p a p e r  r e a d  b efo r e  t his  Ins ti t u tion
in 1 8 7 8,  a n d  g ave  a  c u rve  of efficiency wi th  va rying
t r u e  slip.   In  Mr. R E. F ro u d e’s p a p e r  las t
ye a r  t h e r e  w a s  a  for m  of t hi s  c u rve,  wit h  a n  a r bi t r a ry
a b s cis s a  sc al e  for  t h e  slip,  d evise d  to  illus t r a t e
in on e  di ag r a m  t h e  wid e  con di tions  cove r e d  by hi s  exp e ri m e n t s.  
In  t h e  sc r e w s  now  u n d e r  consid e r a tion,  t h e  value s  of
t h e  pi tch/dia m e t e r  va ry only fro m  1.2  to  1.3 4,  a n d
for  t h e s e  t h e  a b s ciss a  values  for  t h e  s a m e  slips  do
no t  diffe r  m u c h.   Taking  t h e  m e a n  valu e,  a n d  b ringin g
t h e  slips  to  a  co m m o n  sc ale,  Fig.  5  is ob t ain e d,  w hich
wo uld  a p p roxim a t ely r e p r e s e n t  t h e  r el a tion  b e t w e e n
t h e  efficie ncy of a ny on e  of t h e s e  sc r e w s  a n d  it s  t r u e
slip,  if t his  cu rve  w e r e  a p plica ble  to  full size d  sc r e w s
p ro p elling  a c t u al s hips.   The  slips  in Fig.  5
b ein g  r e al  o r  t r u e ,  a r e  no t  t h e  slips  of co m m e r c e ,
w hich  a r e  t h e  a p p a r e n t  slips,  s uc h  a s  t hos e  give n  in
t h e  t a bl e.   Le t  u s  e n d e avo r  to  s pli t  u p  t h e s e
r e al  slips  in to  t h e  a p p a r e n t  slips  a n d  a no t h e r  it e m,
t h e  s p e e d  of t h e  w ak e.   We t h e n  a t  onc e  m e e t  wit h
t h e  difficul ty t h a t  t h e  w ak e  in  w hic h  t h e  s c r e w  wo rks
h a s  no t  a  u nifor m  m o tion.   Co m plex, how ever, a s
a r e  t h e  m o tions  of t h e  w ak e,  t h e  sc r e w  m ay  b e  a s s u m e d
to  wo rk  in a  cylind e r  of w a t e r  h aving  s uc h  a  u nifo r m
forw a r d  veloci ty a s  will p ro d uc e  t h e  s a m e  effec t  a s
t h e  a c t u al  w ak e  on  t h e  t h r u s t  of t h e  sc r ew.  I t
is t h e n  r e a dily s e e n  t h a t  t h e  r e al  slip  is t h e  s u m
of t h e  a p p a r e n t  slip  a n d  t h e  s p e e d  of t h e  hypo t h e tic al
w ak e.   To m a k e  t his  cle ar, le t  V b e  t h e  s p e e d
of t h e  s hip,  Vs t h e  s p e e d  of t h e  sc r ew, i.e. ,
r evolu tions  x pi tc h,  a n d  V t h e  s p e e d  of t h e  w ak e;
t h e n—

Appa r e n t  slip  =  Vs — V.
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    Re al slip  =  Vs — s p e e d
of s hip  wi th  r e s p e c t  to  t h e  w a k e.
            "
=  Vs — (V — V) =  (Vs — V) +  Vw.
            "
=  Appa r e n t  slip  +  s p e e d  of t h e  w ak e.

If t h e  a p p a r e n t  slip  b e  ze ro,  t h e  r e al  slip  is t h e
s p e e d  of t h e  w ak e,  a n d  if t h e  a p p a r e n t  slip  b e  n e g a tive,
t h e  r e al  slip  is les s  t h a n  t h e  s p e e d  of t h e  w a k e.  
The  r e al  slip  is g r e a t e r  t h a n  t h e  a p p a r e n t  slip,  a n d
c a n  n eve r  b e  a  n e g a tive  q u a n ti ty.  F ro m  Mr. F ro u d e’s
m o d el  exp e rim e n t s ,  it  a p p e a r s  t h a t  t his  s p e e d  of w ak e
for  t h e  A cl a s s  of s hip  a m o u n t s  to  a bo u t  1 0  p e r  c e n t .
of t h e  s p e e d  of t h e  A sc r ew.  If t his  value  is
co r r ec t ,  t h e n  t h e  r e al  slip  is (10  +  1 7.6) p e r  ce n t .,
o r  2 7.6  p e r  ce n t .   This is s how n  in Fig.  6 ,  w h e r e
O is t h e  poin t  of no  slip,  b eing  1 7.64  fro m  t h e  poin t
of r e al  slip.  Slips  to  t h e  ri gh t  of O a r e  posi tive
a p p a r e n t  slips,  slips  to  t h e  lef t  a r e  n e g a tive  a p p a r e n t
slips.   The  ves s el F  would  ce r t ainly h ave  a  w ak e
wi th  a  s p e e d  consid e r a bly less  t h a n  t h a t  of A’s
w ak e.   F ro m  t h e  m o d el  exp e ri m e n t s,  t h e  w a k e  for
F  is a bo u t  on e-h alf t h a t  for  t h e  A cla s s,  or, ro u g hly,
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5  p e r  c e n t .  of t h e  s p e e d  of t h e  sc r ew.  For  t h e
s hip  F, O is t h e  poin t  of no  a p p a r e n t  slip,  a n d  t h e
r e al  slip  is (5  +  1 1.4) o r  1 6.4  p e r  c e n t .   For
E, t h e  poin t  of r e al  slip  is a p p roxim a t ely t h e  s a m e
a s  for  F. For  B a n d  D, t h e  posi tions  on  t h e  c u rve
wo uld  b e  a bo u t  t h e  s a m e.   The  s hip  B h a s  a  high e r
s p e e d  of w a k e  t h a n  D, b u t  t h e  sc r e w  D h a s  t h e  g r e a t e r
a p p a r e n t  slip.   The  influe nc e  of t h e  n u m b e r  of
bl a d e s  on  t h e  sc al e  for  t h e  slip  h a s  b e e n  n e glec t e d.  
If t his  efficiency c u rve  w e r e  a p plica ble  to  full sized
sc r e w s  p ro p elling  a c t u al  s hips,  a n d  if t h e  d e t e r min a tion
of t h e  w a k e s  w e r e  b eyon d  q u e s tion,  t h e n  w e  s hould
h ave  a  p roof t h a t  ou r  sc r e w s  w e r e  a t  o r  n e a r  t h e  m axim u m
efficiency.  Bu t ,  a s  w e  know, fro m  t h e  to t al  p ro p ulsive
efficiencies,  t h a t  t h e  sc r e w s  h av e  high  a n d  no t  wid ely
diffe r e n t  efficiencie s  on  t h e s e  s hips,  w e  m ay  a r g u e
t h e  o t h e r  w ay, a n d  s ay  t h a t  t h e r e  is good  r e a so n  to
con sid e r  t h a t  a t  lea s t  t h e  u p p e r  p a r t  of t h e  cu rve
a g r e e s  wi th  exp e ri e nc e  ob t ain e d  fro m  a c t u al  s hip s.  
N o w  t ak e  Fig.  6  a n d  co nsid e r  t h e  g e n e r al laws  t h e r e
r e p r e s e n t e d.   Take  t h e  s p e e d  of t h e  w ak e  a s  1 0
p e r  c e n t .  of t h e  s p e e d  of t h e  sc r ew, w hich  is p rob a bly
a n  ave r a g e  of wid ely diffe r e n t  con di tions,  including
m a ny  single  a s  w ell a s  t win  sc r e w  s hips.   The n
t his  c u rve  s hows  t h a t  conside r a ble  n e g a tive  slips
m e a n  inefficie n t  sc r e w s;  t h a t  sc r e w s  m ay h ave  ve ry
diffe r e n t  posi tive  slips  wi t ho u t  a ny a p p r e cia ble  diffe r e n c e
in t h ei r  efficiencie s; a n d  t h a t  ve ry la r g e  posi tive
slips  a n d  inefficie n t  sc r e w s  m ay  b e  co m p a nions.  
For  ins t a nc e ,  a  sc r e w  wi th  a  la r g e  posi tive  slip  in
s m oo t h  w a t e r  is fr e q u e n tly inefficie n t  a t  s e a  a g ain s t
a  h e a d  win d,  w hich  inc r e a s e s  t h e  r e sis t a n c e ,  a n d  n e c e s si t a t e s
a n  inc r e a s e  of slip.  I ve n t u r e  to  s ay  t h a t  t h e s e
s t a t e m e n t s ,  t ak e n  in  a  g e n e r al  m a n n er, a r e  no t  a t
va ri anc e  wi th  exp e ri e nc e  ob t ain e d  fro m  t h e  p e rfo r m a n c e s
of sc r e w  s hips.   Befor e  it is possible  to  s a tisfac to rily
d ecide  if t hi s  c u rve  a p plies  in  a  g e n e r al  m a n n e r  to
full size d  sc r e w s  p ro p elling  s hips,  w e  r e q ui r e  t h e
r e s ul t s  of t r i als  of va rious  s hips  w h e r e  t h e  sc r e w s
a r e  wo rking  a bo u t  t h e  r e gion  of no  slip.  Mo d el
exp e ri m e n t s  t e ac h  t h a t  t h e  sc al e  for  t h e  slip  va rie s
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with  t h e  d e sig n  of t h e  s c r ew, a n d  t h a t  wi th  a  give n
sc r e w  t h e  s p e e d  of t h e  w a k e  (which  d e cid es  t h e  poin t
of no  a p p a r e n t  slip) va ri es  wi th  t h e  typ e  of s hip
a n d  wi t h  t h e  posi tion  of t h e  sc r e w  with  r e s p e c t  to
t h e  h ull.  Re m e m b e ring  t h e s e  di s t u r b a nc e s ,  i t
is no t  imp ro b a ble  t h a t  it  m ay  b e  possible  to  a ccou n t
for  o r  explain  w h a t  a t  fir s t  sigh t  m ay a p p e a r  d e p a r t u r e s
fro m  t h e  c u rve.   The  di a m e t e r s  of t h e  sc r e w s  in
t h e  t a bl e  a r e  no t  co m p a r e d  wit h  t h e  di a m e t e r s  given
by t h e  m e t ho d  explaine d  by Mr. F ro u d e  in his  p a p e r
las t  ye ar, for  t h e r e  a r e  diffe r e nc e s  in  t h e  slips,
t h e  p ro po r tions  of bl a d e  a r e a  to  disk, a n d,  to  so m e
ex t e n t ,  in t h e  s h a p e s  of t h e  bl a d e s,  w hich  a r e  no t
t ak e n  in to a ccou n t  in t h a t  m e t hod.   Assu ming,
how ever, a s  Mr. F ro u d e  do e s,  a  cons t a n t  p ropo r tion
of bl a d e  a r e a  to  disk,  a n d  a  u nifo r m  p a t t e r n  of bl a d e,
t h e  d e t e r min a tion  of t h e  di a m e t e r  for  a  given  s e t
of con di tions  m ay, a s  a  r ul e,  b e  a  co m ple t e  solu tion
of t h e  p ro ble m  of t h e  d e sign  of a  sc r ew, b u t  t h e s e
a s s u m p tions  do  no t  cove r  all t h e  n e c e s si ti es  of a c t u al
p r a c tic e,  w hich  m a k e  it ex t r e m ely d e si r a bl e  to  know
so m e t hing  a bo u t  t h e  influe nc e  o r  efficiency of va rious
p ro po r tions  of bl a d e  a r e a  to  disk,  a n d  of t h e  for m
or  dis t r ibu tion  of a  given  a r e a .

32



Page 18

Du ring  t h e  discus sion  w hich  followe d,  Mr. John  s aid
t h a t ,  bo t h  a s  r e g a r d e d  t h e  m e r c a n tile  m a rin e  a n d  t h e
Royal N avy, t h e r e  w e r e  few d a t a  to  wo rk  u po n,  b u t
few s hips  h aving  b e e n  b uil t  wit h  t win  sc r e w s.  
Mr. Linning to n’s p ro po r tions  of pi tch  to  di a m e t e r
of 1 .2  to  1.34  w a s  no t  inva ri a bly a d h e r e d  to. 
H e  m e n tion e d  a  cou ple  of s m all t win  sc r e w  vess els  w h e r e
t h e  p ro po r tion  of pi tch  to  dia m e t e r  c a m e  n e a rly to
1.5,  a n d  h e  r e m e m b e r e d  a  few ye a r s  a go  t h e  p ro p elle r s
in on e  of t h e s e  ves s els  b ein g  ch a n g e d  a n d  t h e  pi tc h
inc r e a s e d ,  t h e  r e s ul t  b ein g  a  ve ry conside r a ble  im p rove m e n t.  
H e  b elieve d  t h ey mig h t  go  wi t h  q uick  r u n ning  t win
sc r e w  e n gin e s  to  a  la rg e r  p ro po r tion  of pi tch  to  di a m e t e r
t h a n  t h ey could  wit h  a  sin gle  sc r ew.  H e  mi g h t
ins t a nc e  t h e  c h a n g e  in  t h e  I ris.  S h e  w a s  fir s t
e n gin e d  wit h  t h e  pi tch  e q u al  to  t h e  di a m e t er, a n d
s h e  g ain e d  t wo  kno t s  o r  t h e r e a bo u t  w h e n  t h e  di a m e t e r
w a s  r e d u c e d  2  ft. a n d  t h e  pi tch  inc r e a s e d  2  ft.

Admir al De  H o r s ey  s aid  t h a t  h e  t r i e d  exp e ri m e n t s  wi th
t h e  sin gle  sc r e w  in t h e  Auro r a .   S h e  h a d  a  fea t h e rin g
s e r ew, a n d  w h e n  t h e  s ails  w e r e  u s e d  to  a s sis t ,  t h ey
co m m o nly al t e r e d  t h e  pi tc h  of t h e  sc r e w  a c co r ding  to
t h e  s t r e n g t h  of t h e  wind.   The  sc r e w  could  b e
al t e r e d  w hile  it  w a s  r evolving, a n d  a s  t h e  wind  fre s h e n e d
t h ey coa r s e n e d  t h e  pi tc h,  a n d  w h e n  t h ey w a n t e d  to
s top  t h e  e n gin e s  t h ey  co a r s e n e d  t h e  pi tch  so  a s  to
b ring  t h e  sc r e w  rig h t  for e  a n d  af t ,  so  t h a t  t h ey n eve r
al t e r e d  t h e  w ay of t h e  s hip  in c h a n ging  fro m  s t e a m
to  s ail a lon e.   The  r e a so n  w hy t win  sc r e w s  h a d
b e e n  a do p t e d  in t h e  n avy w a s  t h a t  if on e  w a s  d a m a g e d
t h e r e  w a s  t h e  o th e r  s till av ailabl e.   Bu t  it g ave
t h e m  a  s till fu r t h e r  a dv a n t a g e ,  a s  it  e n a ble d  t h e m
to  h ave  a  for e  a n d  af t  b ulkh e a d,  w hich  wit h  a  single
sc r e w  w a s  difficul t .   The  m e r c a n tile  m a rin e  h a d
no t  a s  ye t  looke d  favor a bly on  t win  sc r e w s.   Thei r
fines t  a n d  fas t e s t  s hip s  w e r e  single  sc r e w s,  p ro b a bly
b ec a u s e,  in ve ry b a d  w e a t h er, t h e  single  sc r e w  w a s
b e t t er.

Mr. S pye r  s aid  t h a t  in d e signin g  p ro p elle r s  for  s hips
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of w ar, t h ey w e r e  oblige d  to  a t t e m p t  to  ob t ain  t h e
hig h e s t  possible  s p e e d,  a n d  t h a t  w a s  no t  n ec e s s a rily
coincid e n t  wit h  a  p rop elle r  of m axim u m  efficiency. 
On  t h e  o t h e r  h a n d,  for  m e r c a n tile  p u r pos e s,  coal co ns u m p tion
w a s  obviously of p a r a m o u n t  impor t a nc e ,  a n d  t h e  s p e e d
of a ny p a r ticula r  vess el m u s t  b e  ob t ain e d  wi t h  t h e
s m alles t  pos sible  a m o u n t  of indic a t e d  ho r s e  po w er,
a n d  a  p ro p elle r  of m axim u m  efficiency.  Re g a r din g
t h e  posi tion  of t h e  p ro p elle r s  in a  s m all pinn a c e ,
t h e  p ro p elle r s  w e r e  s hift e d  six o r  s eve n  inc h e s  fu r t h e r
ou t,  a n d  wi t h  a bo u t  t e n  p e r  c e n t .  les s  indica t e d  ho r s e
pow e r  s h e  ob t ain e d  t h r e e  t e n t h s  of a  kno t  m o r e  s p e e d.
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Mr. Ba r n a by a sk e d  Mr. Linning to n  w h e t h er, in d e sig ning
t win  sc r e w s  for  a  ves s el of 8 ,0 0 0  i.h.p.,  h e  wo uld
m a k e  e a c h  sc r ew, w hich  would  h ave  to  t ak e  4,00 0  i.h.p.,
of t h e  s a m e  di a m e t e r  a s  a  s c r e w  for  a  single  s hip  of
4,00 0  i.h.p.,  of t h e  s a m e  s p e e d.   U nfo r t u n a t ely
in high  s p e e d  vess el s,  fro m  on e  poin t  of view, t h e
fas t e r  t h ey  w e n t  for  a  given  po w e r  t h e  s m alle r  t h e
dia m e t e r  of t h e  sc r e w  h a d  to  b e ,  a n d  t h e  la rg e r  t h e
pi tc h,  so  t h a t  in ve ry high  s p e e d  t win  sc r e w  vess els
t h e  r a tio  of pi tc h  to  di a m e t e r  wo uld  b e  foun d  to  co m e
ou t  ve ry g r e a t  ind e e d.   In  a  t win  sc r e w  to r p e do
bo a t ,  to  b e  t ri e d  s ho r tly, t h ey  h a d  a  r a tio a s  hig h
a s  1.64.   In  t h e  c a s e  of t h e  Inflexible  it w a s
foun d,  owing  pos sibly to  t h e  posi tion  of t h e  s c r ew,
t h a t  t h e  w hole  of t h e  pla t e s  im m e dia t ely ove r  t h e
sc r e w s  w e r e  d a m a g e d.   Mr. Beck e t t  Hill h a d  b e e n
u sing,  d u ring  t h e  p a s t  t h r e e  o r  fou r  ye a r s ,  t h e  t win
sc r e w  s t e a m e r s  t h e  Lud g a t e  Hill, Rich mo n d  Hill, a n d
Towe r  Hill.  Thes e  w e r e  all ove r  4 ,00 0  tons  r e gi s t er,
a n d  indica t e d ,  w h e n  a t  wo rk  a t  full s p e e d,  2 ,5 0 0  h.p.  
Befor e  h e  a n d  his  frien d s  b uil t  t h e s e  s t e a m e r s ,  t h ey
b uil t  so m e  ve ry la r g e  t u g  bo a t s  on  t h e  t win  sc r e w
p rinciple.   At t h e  p r e s e n t  m o m e n t,  fou r  of t h e
fas t e s t  s t e a m e r s  b uilding  for  t h e  Atlan tic  s e rvice
w e r e  to  h ave  t win  sc r e w s.   The  g r e a t  obs t acle
to  t h e  ex t e n sion  of t h e  twin  sc r e w  in t h e  m e r c a n tile
n avy h a d  b e e n  t h e  fea r  t h a t  t h e  p rojec tion  of t h e s e
sc r e w s  wo uld  m a k e  t h e  vess els  ve ry difficul t  to  h a n dle,
b u t  h e  h a d  foun d  no  s uc h  difficul tie s.   H e  h a d
foun d  it a n  a dva n t a g e  to  p u t  t h e  poin t  of t h e  p ro p elle r
a s  n e a r  t h e  d e a d wood  a s  h e  could,  wi t ho u t  a c t u ally
touc hing  it, a n d  in  t h e  la r g e  s t e a m e r s ,  a s  w ell a s
in t h e  t u g s ,  t h e  di s t a nc e  w a s  a  few inch e s .   As
to  t h e  poin t  of s afe ty, h e  t ho u g h t  it a  g r e a t  a dva n t a g e
to  h ave  t win  sc r e w s,  a n d  on  two  occ a sions  t win  sc r e w
vess el s  h a d  m e t  wi t h  a c cide n t s  w hich,  b u t  for  t h e
t win  sc r e w s,  would  h av e  n e c e ssi t a t e d  t h ei r  p u t ting
b ack  to  N e w  York for  r e p ai r s .   The  Rich mo n d  Hill,
on  on e  occa sion,  m e t  wi th  a n  a ccid e n t  to  h e r  m a c hin e ry
t wo  d ays  af t e r  le aving  N e w  York; b u t  s h e  w a s  a bl e
to  co m e  on  wi th  t h e  s e con d  s e t  of e n gin e s,  a n d  w a s
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only on e  d ay la t e  in t h e  p a s s a g e.   N o  difficul ty
h a d  b e e n  foun d  in t h e  docking  a n d  u n docking  of t h e s e
vess el s, ei t h e r  in Londo n  o r  Live rpool, a n d  w hile  wi th
single  sc r e w  vess els  t h ey h a d  so m e tim e s  to  e m ploy
on e  o r  t wo  dock bo a t s  to  dock  a n d  u n dock  t h e m,  t h ey
n eve r  h a d  to  do  so  wi th  t h e  t win  sc r e w  ves s els.  
The s e  vess els  w e r e  4 0 0  ft. long,  wi th  4 8  ft. b r e a d t h
of b e a m—a  ve ry la rg e  size  to  h a n dle  in a
rive r  like  t h e  Tha m e s .   H e  no tic ed  in t h e  p a p e r
a  p rop elle r  wi th  a  di a m e t e r  of 1 5  ft. 6  in. to  indic a t e
1 1,11 0  h .p.,  so  t h a t  a  g r e a t  Atlan tic  s t e a m er, w hich
s ho uld  indica t e  1 1,00 0  o r  1 2,00 0  h.p.,  a n d  h ave  a  b e a m
of a bo u t  6 5f t. , wo uld  h ave  h e r  sc r e w s  ve ry w ell p ro t ec t e d .
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Mr. Whit e  s aid  t h a t  a s  soon  a s  it  w a s  foun d  t h a t  wi th
t win  sc r e w s  t h ey los t  no t hing  in efficiency, s hip
ow n e r s  g e n e r ally w e r e  con t e m pla ting  t h ei r  a do p tion,
a n  a d mi r a ble  exa m ple  of w hich  h a d  b e e n  s e t  in t h e  ves s els
of t h e  Hill line.   In  a do p ting  t win  sc r e w s,  t h e
q u e s tion  w h e t h e r  t h ey  s hould  ove rla p  w a s  on e  t h a t
d e s e rve d  ve ry s e rious  conside r a tion,  a n d  it  w a s  in t e r e s ting
to  know, fro m  exp e ri enc e  g ain e d  by t h e  vess els  of t h e
Hill line,  t h a t  t h e r e  w a s  no  difficul ty in t h e  w ay
of t h e  p rojec tion  of t h e  sc r e w s.   With  a  m o d e r a t e
pow er, a n d  wi t h  vess el s  of consid e r a ble  size,  t h e
sc r e w s  w e r e  w ell s h el t e r e d:   b u t  in t h e  la rg e  s hips
w hich  w e r e  con t e m pl a t e d ,  w h e r e  t h e r e  m u s t  n e c e s s a rily
b e  la rg e r  sc r e w s,  t his  mig h t  b e  diffe r e n t ,  a n d  b e co m e
a  difficul ty.

Mr. Linning to n,  in r e ply, s aid  t h e r e  w a s  no  r e a so n
to  t hink  t h a t  t h e  t win  sc r e w  a t  s e a  mig h t  no t  b e  a s
s a tisfac to ry, in  co m p a ri son  wit h  t h e  single  sc r ew,
a s  it a p p e a r e d  in s m oo t h  w a t er.  As a  m a t t e r  of
fac t,  on e  of t h e  g r e a t  a dva n t a g e s  of t win  sc r e w s  w a s
t h a t  a t  s e a  t h e  con di tion  of w e a t h e r  w hich  wo uld  b rin g
t h e  sin gle  sc r e w  ou t  of t h e  w a t er, a n d  m a k e  it  ex t r e m ely
inefficien t ,  wo uld  h ave  no  a p p r e ci a ble  effec t  on  t h e
t win  sc r e w s.   In  vess els  of d e e p  d r a u g h t  e s p e ci ally,
t h ey  w e r e  w ell im m e r s e d,  a n d  t h ey w e r e  r e ally m o r e
efficien t  a t  s e a  t h a n  in s m oo t h  w a t er.  In  s hip s
of full for m,  t h e  longi tu din al  posi tion  of t h e  sc r e w s
w a s  of impor t a nc e;  b u t  in t h e  s hips  r ef e r r e d  to  in
t his  t a ble  t h e  r u n  w a s  ve ry fine,  a n d  t h e  sc r e w s  w e r e
w ell cove r e d  by t h e  h ull.  H e  did  no t  t hink,  in
s uc h  a  c a s e ,  a ny s m all diffe r e nc e  in  longi tu din al
posi tion  wo uld  affec t  t h e  p e rfo r m a nc e.   If a ny
al t e r a tion  w e r e  m a d e,  it wo uld  p rob a bly b e  b e t t e r
to  p u t  t h e  sc r e w s  fa r t h e r  off.  Whe n  t h e  r u d d e r
w a s  h a r d  over, t h e  bl ad e s  of t h e  sc r e w  s ho uld  b e  a bo u t
a  foot  cle a r  of t h e  r u d d er.—Ind us t ries .

*       *       *       *  
    *
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RECENT ADVANCES IN SEWING MACHINERY.

[Footno t e:   A r e c e n t  lec t u r e  b efo r e  t h e  Socie ty
of Arts,  London.]

By John  W. Ur q u har t .

The  dis tinc t  imp rove m e n t s  in s e win g  m a c hin e ry  to  w hic h
I would  invit e  you r  a t t e n tion  t his  eve ning  h ave  r efe r e nc e
m o r e  p a r ticula rly to  t h e  r e s ul t s  of inve n tive  effo r t
wi thin  t h e  p a s t  t e n  ye a r s .   Bu t  al t hou g h  m a rk e d
d evelop m e n t  in  t h e  m a c hin e s  h a s  occu r r e d  in so  s ho r t
a  ti m e,  it m ay  b e  t ak e n  for  g r a n t e d  t h a t  t hos e  a dva nc es
a r e  b u t  t h e  a cc u m ul a t e d  r e s ul t s  of m a ny  ye a r s’
p rio r  inve n tion  a n d  exp e ri e nc e  of s ti tc hing  a p plianc e s .

The  his to ry of t h e  s e win g  m a c hin e ,  a n d  t h e  d ecision
of t h e  g r e a t  q u e s tion,  Who inven t e d  a n  a p p a r a t u s  t h a t
wo uld  u ni t e  fab rics  by s ti tc h es?  do  no t  a t  p r e s e n t
conc e r n  u s.   M a ny sou rc e s  of info r m a tion  a r e  op e n
to  t hos e  w ho  wo uld  d e cide  t h a t  ex t r e m ely involved
p ro ble m.   Bu t  w h e t h e r  t h e  p ro d uc tion  of t h e  fir s t
d evice  of t his  kind  b e  claim e d  for  E n gla n d  o r  for  Ame ric a,
it  is q ui t e  c e r t ain  t h a t  no  on e  m a n  inve n t e d  t h e  p e rfec t
m a c hin e ,  a n d  t h a t  t hos e  fine  s p e cim e n s  of s e wing  a p p a r a t u s
s how n  h e r e  to-nigh t  e m bo dy t h e  labo r s  of m a ny e a r n e s t
wo rk e r s ,  bo t h  in E u ro p e  a n d  Ame rica .
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Mos t  of u s  a r e  fa milia r  wi t h  t h e  a r r a n g e m e n t s  of a n
o r din a ry lock s ti tch  m a c hin e,  a n d  a n  a ble  p a p e r  by
Mr. Ed win  P. Alexa n d er, e m b r a cing  no t  only a  good
a c co u n t  of i ts  his to ry, b u t  m o s t  of t h e  ele m e n t s  of
t h e  e a rlie r  m a c hin e s,  h a s  al r e a dy (April 5 ,  1 8 6 3),
b e e n  r e a d  b efo r e  you.  This, a n d  s u n d ry  d e s c rip tions
of s uc h  a p p a r a t u s  in t h e  e n gin e e rin g  p a p e r s ,  confine
my  r e m a rks  to  t h e  m o r e  r e c e n t  imp rove m e n t s  in  t h r e e
g r e a t  cl as s e s  of m a c hin e s .   Thes e  a r e ,  b ri efly,
pl ain  s e wing  m a c hin e s;  s e win g  m a c hine s  a s  u s e d  in
fac to rie s,  w h e r e  t h ey a r e  m ove d  by s t e a m  po w e r;  a n d
s p ecial s e win g  m a c hin e s ,  e m b r a cing  m a ny  in t e r e s tin g
for m s,  only r e c e n tly in t rod u c e d.   We h ave  t h u s
to  consider, in  t h e  fir s t  pl ac e,  t h e  g e n e r al  efficiency
of t h e  m a c hin e  a s  a  pl ain  s ti tc h er.  S e co n dly,
it s  a d a p t a bili ty to  high  r a t e s  of s p e e d,  a n d  t h e  p rovision
t h a t  h a s  b e e n  m a d e  to  wi th s t a n d  s uc h  veloci tie s  for
a  r e a so n a ble  ti m e.   And, t hi r dly, t h e  a p p a r a t u s
a n d  m e a n s  e m ploye d  to  effec t  t h e  con t rolling  of t h e
m otive  pow e r  w h e n  a p plied  to  t h e  m a c hin e s.

To d e al  wi t h  t h e  s u bjec t  in t his  w ay m u s t ,  I fear,
involve  a  good  d e al  of t e c h nical d e sc rip tion;  a n d
I ho p e  to  b e  p a r do n e d  if in a t t e m p tin g  to  elucid a t e
t h e  m o r e  impor t a n t  d evices,  u s e  m u s t  b e  m a d e  of wo r ds
b u t  s eldo m  h e a r d  ou t side  of a  m a c hinis t s’ wo rks hop.

It  a p p e a r s  sc a r c ely n e c e ss a ry  to  p r e mis e  t h a t  t h e
s e win g  m a c hin e  of t w e n ty ye a r s  a go  h a s  al mos t  fade d
a w ay, s ave,  p e r h a p s ,  in g e n e r al  ext e rio r  a p p e a r a n c e;
t h a t  t h e  b ell c r a nk  a r m s,  t h e  h e a r t  c a m s,  t h e  w e ave r’s
s h u t tl e s,  t h e  s p ring  “t ak e  u p s ,” r e c t a n g ula r
n e e dle  b a r s ,  a n d  g e a r  w h e els,  h ave  d evelop e d  in to
ve ry diffe r e n t  d evices  for  p e rfo r ming  t h e  va rious
func tions  of t hos e  s eve r al  p a r t s .

The  s h u t tl e  is p e r h a p s  t h e  m os t  impor t a n t  p a r t  of
a  lock  s ti t ch  m a c hin e.   Bu t  w h a t  is a  s h u t tl e?  
So  m a ny d evices  for  p e rfo r ming  t h e  func tions  of t h e
e a rly w e ave r’s s h u t tl e  h ave  b e e n  in t rod uc e d  of
la t e ,  t h a t  t h e  wo r d  s h u t tl e,  if it b e  u s e d  a t  all,
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m u s t  no t  b e  a c c e p t e d  a s  m e a nin g  “to s hoo t.” 
We h ave  vib r a ting  s h u t tl e s,  w hich  a r e ,  s t ric tly s p e a king,
t h e  only s u rviving  r e p r e s e n t a tives  of t h e  w e ave r’s
s h u t tl e  in t h e s e  n e w  or d e r s  of m a c hin e s; a n d  s t a tion a ry
s h u t tl e s,  oscilla ting  s h u t tl es,  a n d  r evolving  s h u t tl e s,
b e side s  t h e  e a r li e r  ro t a ting  hook, in s eve r al n e w  for m s,
difficul t  to  n a m e.   Bu t  t h e  g e n e r al  a cc e p t a tion
of t h e  wo r d  s h u t tl e,  a s  indic a tin g  t hos e  d evices  t h a t
p a s s  bodily t h ro u g h  t h e  loop  of u p p e r  t h r e a d ,  is, I
ven t u r e  to  t hink,  s ufficien tly co r r e c t .

M a ny c h a n g e s  h ave  b e e n  effec t e d  in  t h e  for m,  size,
a n d  m ove m e n t s  of t h e  s h u t tl e,  a n d  w e  m ay  p rofit a bly
inq ui r e  in to  t h e  c a u s es  t h a t  h ave  induc e d  m a n ufac t u r e r s
to  a b a n do n  t h e  e a r li e r  for m s.   The  long,  w e av e r’s
kind  of s h u t tl e,  o rigin ally u s e d  by H o w e  a n d  Sing er,
h a d  m a ny  d r a w b a cks.   Mr. A.B.  Wilson’s
ing e nious  d evice,  t h e  lock  s ti tc h  ro t a ting  hook, w a s
no t  fr e e  fro m  co r r e s po n din g  fault s.   The  r e moval
of t h e s e  in bo t h  h a s  led  to  t h e  a do p tion  of a n  e n ti r ely
n e w  cl as s  of bo t h  s h u t tl e s  a n d  r evolving  hooks.  
I t  is w ell know n  t h a t  t h e  lock s ti t ch  is for m e d  by
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t h e  c ro ssing  of t wo  t h r e a d s ,  on e  of w hich  lies  over,
a n d  t h e  o t h e r  u n d er, t h e  clo th  to  b e  s e w n.   This
c rossing  poin t ,  to  ins u r e  in t e g ri ty of t h e  s ti tc h,
m u s t  occ u r  a s  n e a rly a s  possible  in  t h e  mid dle  of
t h e  t hickn es s  of t h e  fab ric.   The  c ro ssing  m u s t
al so  b e  effec t e d  w hile  a  c e r t ain  s t r ain,  c alle d  t e n sion,
is impos e d  u po n  bo t h  t h r e a d s .   If t h e  t e n sion
of on e  t h r e a d  s ho uld  ou t w eigh  t h a t  of t h e  o th er, t h e
locking  poin t  b e co m e s  dis pl ac e d.   If t h e  t e n sion
b e  insignifican t ,  t h e  s ti t ch e s  will b e  loos e.  
If t h e  t e n sion  s hould  va ry, a s  in t h e  long  s h u t tl e,
t h e r e  will occ u r  faul ty poin t s  in t h e  s e a m.

In  t h e  e a rlie r  r o t a tin g  hook  t h e  t e n sion  d e p e n d e d
u po n  t h e  fric tion  d ev elop e d  b e t w e e n  t h e  s pool a n d
t h e  hook.  This  t e n sion,  t h e r efo r e,  va ried  in
p ro po r tion  to  t h e  s p e e d  of t h e  la t t er, a n d  could  n eve r
b e  cons t a n t .   This  w a s  q ui t e  a p a r t  fro m  t h e  fric tion al
r e si s t a n c e  offe r e d  to  t h e  u p p e r  t h r e a d  in p a s sin g
ove r  t h e  c avity of t h e  hook.

In  t h e  s h u t tl e  t h e  t e n sion  w a s  ob t ain e d  by t h r e a ding
t h ro u g h  holes  in t h e  s h ell, o r  b e n e a t h  a  t e n sion  pl a t e ,
a s  in H ow e’s m a c hin e.   This t e n sion,  so
long  a s  t h e  r e el  r a n  b e t w e e n  s p ring  c e n t e r s,  w a s  n ev e r
con s t a n t .   The  va ri a tion  w a s  c hiefly d u e  to  t h e
a n g ula r  s t r ain  s e t  u p  w h e n  u n windin g  fro m  t h e  r e el. 
This  s t r ain  va rie d  a cco r din g  to  t h e  poin t  of u n win din g.  
I t  w a s  ligh t  in t h e  mid dle  of t h e  r e el  a n d  h e avy a t
ei t h e r  ex t r e mity.  Thes e  d r a w b acks  c a u s e d  im m e n s e
a nxie ty to  t h e  fi r s t  m a k e r s  of s e wing  m a c hin e s,  a n d
n u m e ro us  a t t e m p t s  to  ove rco m e  t h e m  led  to  lit tle  im p rove m e n t.  
With  r ef e r e nc e  to  hig h  r a t e s  of s p e e d,  t h e  olde r  s h u t tl e ,
r e q ui ring  a  long  a n d  noisy r e cip roc a tion,  h a d  it s
dis a dva n t a g e s .

The  only effec tive  r e m e dy for  t h e s e  d r a w b acks  w a s
a  r a dic al on e .   I t  w a s  n ec es s a ry  to  s u bs ti t u t e
d e p t h  of r e el  for  leng t h.   H e n c e,  s eve r al  a t t e m p t s
h ave  b e e n  m a d e  to  cons t r u c t  disk  o r  r in g  s h u t tl e s.  
M a ny for m s  of t hos e  h ave  b e e n  t r i e d.   They all
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d e p e n d  u po n  t h e  p rinciple  of coiling  u p  t h e  t h r e a d
in a  ve r tical pl a n e ,  r a t h e r  t h a n  in  ho rizon t al s pi r als.  
So m e  m a k e r s  pl ac e d  t h e  di sk  in a  ho rizon t al pl a n e ,
a n d  c a u s e d  it to  r evolve.   N o t hing  could  b e  wo r s e,
a s  will b e  s e e n ,  if w e  follow t h e  cou r s e  t h e  e nveloping
loop  m u s t  t ak e  in  e n ci rcling  s uc h  a  s h u t tl e.  
Bu t  a  co m ple t e  solu tion  of t h e  difficul ty of e m ploying
a  ring  s h u t tl e  h a s  b e e n  a c hieve d  in t h e  oscilla ting
for m, inven t e d  by Mr. P hil.  Diehl, a n d  know n  a s
Sing e r’s (Fig.  1).  A s ho r t  exa min a tion
of it  m ay  p rofit a bly e n g a g e  you r  a t t e n tion.   The
s h u t tl e  it s elf is s ufficien tly w ell know n,  b u t  c e r t ain
fea t u r e s  of it,  a n d  to  w hich  it  ow e s  it s  efficiency,
a p p e a r  to  c all for  so m e  expla n a tion.   I t s  in t rod uc tion
d a t e s  b a ck  so m e  ye a r s,  d u rin g  w hich  ti m e  it h a s  u n d e r go n e
c e r t ain  m o difica tions .

[Illus t r a tion:  Fig . 1 .]
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It  consis t s  of a  t hick  disk  bo b bin  of t h r e a d ,  h ,
fit ting  loos ely in  a  c a s e  cons t r u c t e d  in t h e  for m
of a  bivalve,  a  a n d  d .  This  c a s e
is fu r nis h e d  wi th  a  long  b e ak,  u s u ally for ming  a  con tin u a tion
of t h e  p e riph e ry.  The  b e ak  is in t e n d e d  to  e n t e r
a n d  d e t ain  t h e  loops  of u p p e r  t h r e a d,  a n d  lea d  t h e m
so  t h a t  t h ey ul tim a t ely e nvelop  t h e  s h u t tl e,  a  m o tion
of t h e  t h r e a d  w hich  is c hiefly d u e  to  t h e  oscilla tion
of t h e  s h u t tl e  in  a  ve r tic al pl a n e .   The  oscilla ting
m ove m e n t  is to  t h e  ext e n t  of 1 8 0  d e g s .  of t h e  ci rcle,
w hich  s uffice s  to  c a s t  t h e  loops  fre ely ove r  t h e  s h u t tl e.  
The  ce n t e r  of oscilla tion  is no t  coincide n t  wi th  t h e
c e n t e r  of t h e  s h u t tl e;  b u t  it  is n e a rly so  wi th  t h e
p e rip h e ry  of t h e  t h r e a d  r e el, a n d  exa c tly coincid es
wi th  t h e  poin t  w h e r e  t h e  u n d e r  t h r e a d  is d r a w n  fro m
t h e  s h u t tl e ,  g .  The  s h u t tl e  t h r e a d  is
t h u s  e n ti r ely fr e e d  fro m  a ny t e n d e n cy to  t wis t ,  a n
objec tion  fre q u e n tly u r g e d  a g ain s t  ci r cula r  o r  r evolving
s h u t tl e s.   I t  will b e  obs e rve d,  also, t h a t  t h e
body of t h e  s h u t tl e  is ex t r e m ely n a r row.  Bulging
of t h e  t h r e a d  loops  to  on e  sid e  o r  t h e  o th e r  is t h u s
obvia t e d.

But  t h e  long  b e ak  in t his  d e s c rip tion  of s h u t tl e  s e rve s
a n  impor t a n t  p u r pos e  o t h e r  t h a n  t h a t  of s eizing  t h e
u p p e r  t h r e a d  loops,  o t h e r wis e  a  ve ry s ho r t  b e ak  wo uld
b e  p r efe r a ble.   I t  a d d s  so  m u c h  to  t h e  efficiency
of t h e  m a c hin e  t h a t  a  lit tle  fu r t h e r  explan a tion  of
it  a p p e a r s  e s s e n ti al.  In  t h e  old  fas hion e d  m a c hine s
t h e  t h r e a d  r e q ui r e d  to  e nv elop  t h e  s h u t tl e  w a s  d r a g g e d
dow n w a r d  t h ro u g h  t h e  clo th,  w hile  t h e  n e e dle  s till
r e m ain e d  in t h e  fab ric.  This  n e c e s si t a t e d  t h e
u s e  of la rg e  n e e dle s  wi th  d e e p  side  c h a n n els,  to  e n a ble
t h e  t h r e a d  to  r u n  fre ely, a n d  a s  a  co ns e q u e n c e  t h e
p u n c t u r e s  t h a t  h a d  to  b e  m a d e  in t h e  fab ric  w e r e  u n n e c e s s a rily
la rg e ,  a n d  could  no t  in a ny c a s e  b e  e n ti r ely filled
by t h e  t h r e a d,  a  con di tion  w hich  is now  r e co g nize d
a s  e s s e n ti al  in  line n  s ti tc hing  a n d  for  w a t e r p roof
boo t s.

The  long  b e ak  in  bo t h  s h u t tl e s  a n d  hooks  offe r s  a n
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im m e dia t e  solu tion  of t h e  old  difficul ty exp e rie nc e d
wi th  long  s h u t tl e s.   Wh e n  t h e  n e e dle  b e gin s  to
ri s e,  t h e  s h u t tl e  co m m e n c e s  to  oscilla t e ,  t h ro u g h  t h e
loop, t h e  m o tions  so  coinciding  t h a t  t h e  long  b e a k,
c,  m e r ely d e t ain s  t h e  loop  u n til t h e  eye  of t h e  n e e dle
h a s  a sc e n d e d  a bove  t h e  clo th;  t h e n ,  a n d  t h e n  only,
do es  t h e  e nvelop m e n t  of t h e  s h u t tl e  co m m e nc e,  a n d
t h e  t h r e a d  r e q ui r e d  for  it flows  dow n w a r d  t h ro u g h
t h e  p u nc t u r e .   The  e nvelop m e n t  is co m ple t e d  b efor e
t h e  n e e dle  h a s  a t t ain e d  its  hig h e s t  poin t,  a n d  t h e
con s e q u e n t  loos e  t h r e a d  is im m e dia t ely p ulle d  u p  by
a  lever, c alled  a  posi tive  t ak e-u p,  b efo r e  t h e  n e e dle
b e gins  to  d e s c e n d  for  a  fr e s h  s ti t ch.   In  t his
w ay lit tle  o r  no  m ove m e n t  of t h e  t h r e a d  is r e q ui r e d
in t h e  clot h  w hile  t h e  p u nc t u r e  m a d e  is occ u pied  by
t h e  n e e dle.   The  r e s ul t  is t h e  c a p a bili ty of s uc h
a p p a r a t u s  to  wo rk  wi t h  a n  inc r e dibly fine  n e e dle—ind e e d,
so  fine  a s  to  b e  no  t hicke r  t h a n  t h e  inco m p r e s s e d
t h r e a d  it self.  This wo uld  h ave  b e e n  consid e r e d
q ui t e  impossible  of a c co m plish m e n t  by  ou r  e a rlie r
m a c hin e  m a k e r s .   The  a dv a n t a g e  t h e r e by g ain e d
in s ti tc hing  line n  goods,  a n d  in s e wing  le a t h er, w h e r e
eve ry p u n c t u r e  of t h e  n e e dle  s hould  b e  q ui t e  filled
by t h e  t h r e a d,  is a t  onc e  a p p a r e n t .   Ind e e d,  a
r u b b e r  o r  lea t h e r  s a ck,  s ti tc h e d  in t his  w ay, will
con t ain  w a t e r  wi thou t  leak a g e—a  ve ry ex t r e m e
t e s t .
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R e volving  S h u t tl e s .—The  cla s s  of
s h u t tl e s  know n  a s  r evolving  o r  ro t a tin g,  a n d  w hich
r e ally consis t  of a  co m bin a tion  of t h e  di sk  s h u t tl e
a n d  t h e  e a rlie r  r o t a tin g  hook  of Wilson, h av e  b e e n
u n d e r  t ri al by  s eve r al  m a k e r s  for  m a ny  yea r s.  
If, for  ex a m ple,  t h e  oscilla ting  s h u t tl e  w e  h ave  jus t
exa min e d  w e r e  to  co m ple t e  it s  ci rc ul a r  m ove m e n t ,  it
wo uld  cons ti t u t e  a  r evolving  s h u t tl e ,  b u t  wo uld  no t
b e  q ui t e  simila r  to  t hos e  d evices  now  know n  a s  s uc h.  
The  m o s t  r e m a r k a ble  d evice  of t his  kind  yet  int rod uc e d
is to  b e  foun d  in Whe ele r  & Wilson’s m a c hin e
know n  a s  No. 1 0  D, a n d  inve n t e d  by Mr. Dials  las t
ye ar.  I t  consis t s ,  in fac t ,  of a  d e t ac h e d  hook,
a n d  it s  inve n to r  d eclines  to  cla s s  it  wi t h  s h u t tl e s
a t  all, s tyling  it a  d e t ac h e d  hook.  I t  consis t s
of a n  ex t e rio r  s h ell o r  sk ele ton  of s t e el, c a p a ble
of ro t a tion  in  a n  a n n ula r  r a c e w ay.  I t s  d e t ac h m e n t
fro m  t h e  axis for m s  a  s t riking  exc e p tion  to  t h e  g e n e r al
con s t r u c tion  of in t e rlocking  a p p a r a t u s  in  t his  co m p a ny’s
m a c hin e s.   U n d e r  t h e  b e ak  of t his  c u rious  d evice
is foun d  a n  oblon g  r e c e s s,  in to  w hich  fits  loos ely
a  c a r ri e r  o r  d river, r o t a tin g  wi t h  a  diffe r e n ti al
o r  va ri a bl e  m o tion.   The  s p a c e  b e t w e e n  t h e  c a r ri e r
a n d  t h e  sid es  of t h e  r e c e s s  is s ufficie n t  to  p e r mit
t h e  fre e  p a s s a g e  of t h e  t h r e a d  in  e n ci rcling  t h e  s h u t tl e ,
a n d  t h e  diffe r e n ti al m ove m e n t  ing e niously r el e a s e s
t h e  con t a c t  b e t w e e n  t h e  hook a n d  c a r rier.  The
sk ele ton  of t his  d evice  is only on e-sid e d,  a n d  do e s
no t  r e ally c a r ry it s  bo b bin  in t h e  cou r s e  of it s  r evolu tion.  
The  bo b bin  is pl ac e d  in a  c u p-like  holder, w hich  lies
wi thin  t h e  s h u t tl e  o r  hook  body, a n d  is r e t ain e d  in
posi tion  by a  la tch  hing e d  to  t h e  b e d  of t h e  m a c hin e.  
The  cu p  a n d  bo b bin  a r e  p r eve n t e d  fro m  p a r t aking  of
t h e  ro t a to ry m ove m e n t  by a  s t e el s p u r  p rojec ting  fro m
t h e  cu p,  a n d  fit ting  loos ely in to a  no tc h  in t h e  la tc h.  
Tension  u po n  t h e  u n d e r  t h r e a d  is ob t ain e d  by p a s sin g
it  u n d e r  a  t e n sion  pl a t e  u po n  t h e  bo b bin  c u p.  
Twis ting  of t h e  t h r e a d  is by t h e s e  m e a n s  e n ti r ely obvia t e d .  
In  t his  a p p a r a t u s ,  t h e  di sk-like  a p p e a r a n c e  of t h e
bob bin  is p a r ti ally los t  in it s  conside r a ble  b r e a d t h,
a n d  t h e r e  is t h u s  a  dis tinc t  d e p a r t u r e  fro m  t h e  line s
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of t h e  rin g  s h u t tl e s  b efo r e  m e n tion e d.   The  di a g r a m s
exhibi t  t h e  hook in s eve r al  posi tions  d u ring  it s  r evolu tion,
a n d  t h e  posi tion  of t h e  t h r e a d s  co r r e s po n ding  t h e r e to.

[Illus t r a tion:  FIG. 2]

Fixe d  Ro ta ting  Hoo k s .—Wilson’s
ro t a ting  hook for  lock s ti tc h  m a c hin e s,  a n d  Gribbs’
hook  for  single  t h r e a d  m a c hin e s,  a r e  bo t h  w ell know n.  
In  t h e  yea r  1 8 7 2,  t h e  Wh e ele r  & Wilson  co m p a ny in t ro d uc e d
a  n e w  hook, for min g  a n  imp rove m e n t  u po n  Wilson’s
o rigin al d evice  (Fig.  3).  It s  c hief p e c ulia ri ty
con sis t s  in t h e  ext e n sion  of t h e  t e r min a tion  of t h e
p e rip h e ry, for ming  a  long  t ail pi ec e ,  q ui t e  ove rl a p ping
t h e  poin t ,  a n d  s e rving  a s  a  g u a r d ,  bo t h  to  ke e p  off
t h e  bo b bin  t h r e a d  a n d  to  p r eve n t  collision  b e t w e e n
bob bin  a n d  n e e dle.

[Illus t r a tion:  FIG. 3.]
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This  imp rove d  cla s s  of hooks  a r e  p rovide d  wit h  a  m u c h
d e e p e r  c avity t h a n  t hos e  firs t  in t ro d uc e d,  a n  a r r a n g e m e n t
p e r mi t ting  of t h e  e m ploym e n t  of a  m o r e  co m mo dious
bob bin,  w hich  is g e n e r ally cove r e d  by a  c a p,  a s  in
t h e  r evolving  s h u t tl e,  b u t  fr e e  to  r evolve.   In
so m e  c as e s  t h e  c a p  c a r ri es  a  t e n sion  pl a t e  p r ev e n tin g
its  r evolu tion  wi t h  t h e  hook.  Bu t  b eyond  t h e s e
imp rove m e n t s  on  Wilson’s o rigin al d evice,  t h e
u tili ty of t h e  hook m ainly d e p e n d s  u po n  t wo  t hings
q ui t e  a p a r t  fro m  t h e  hook it s elf.  Thes e  a r e  t h e
dis p e n sin g  wit h  t h e  old  fas hion e d  c h eck  b r u s h  a n d  t h e
u s e  of a  posi tive  t ak e-u p.

Thus,  in t h e  o rigin al m a c hin e,  t h e  s ti tc h  w a s  p ulled
u p  by t h e  s ucc e e din g  r evolu tion  of t h e  hook. 
For  w hile  on e  r evolu tion  s ufficed  to  c a s t  i t ove r
t h e  s pool, a  s eco n d  t u r n  w a s  r e q uisi t e  to  co m ple t e
t h e  s ti tch.   In  t his  w ay, to  m a k e  a  fi r s t  s ti tc h
wi th  s uc h  a n  a p p a r a t u s  r e q ui r e d  t wo  t u r n s  of t h e  ro t a ting
hook.  The  im p rove m e n t s  m e n tion e d  e n a ble  t h e  m a c hin e
to  co m ple t e  a  s ti tc h  wi th  on e  t u r n  of t h e  hook—a n
impor t a n t  s t e p  in  a dv a nc e,  w h e n  w e  conside r  t h a t  by
t h e  old  m e t ho d  e a c h  len g t h  of slack  t h r e a d  m u s t  b e
tig h t e n e d  u p  solely t h ro u g h  t h e  fab ric  a n d  t h e  n e e dle
eye.   Bu t  t his  p a r ticula r  a r r a n g e m e n t  b e a r s  so
m u c h  u po n  t h e  in t rod uc tion  of t h e  posi tive  t ak e-u p
its elf t h a t  fu r t h e r  r efe r e n c e  to  i t m u s t  b e  r e s e rve d
u n til t h a t  d evice  h a s  b e e n  d e s c ribe d.

Si m ple  T hr ead  H oo k s .—The  b e s t  know n
of t h e s e  is Willcox & Gibbs.   I t  h a s  b e e n  so  of t e n
d e sc rib e d,  t h a t  no  fu r t h e r  r efe r e nc e  to  it  m ay  b e  m a d e.  
I t  con tinu e s  to  m a k e  t h e  s a m e  excellen t  twis t e d  s ti tch
a s  it p ro d u c e d  t w e n ty-five  ye a r s  a go.

Of Vibrating  S h u t tl e s .—The s e  a r e
s h u t tl e s  of t h e  long  d e s c rip tion,  m oving  in a  s e g m e n t
of a  ci rcle .   The r e  a r e  s eve r al va ri e ti e s.  
The  m o s t  novel m a c hin e  of t his  kind  is t h e  vib r a ting
s h u t tl e  m a c hin e  jus t  p ro d uc e d  by t h e  Sin g e r  M a n ufac t u rin g
Co m p a ny.  In  t his  c a s e  t h e  s h u t tl e  i ts elf consis t s
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of a  s t e el  t u b e ,  in to  t h e  op e n  e n d  of w hich  t h e  wou n d
r e el  is d ro p p e d,  a n d  is fr e e  to  r evolve  q ui t e  loosely. 
Varia tion  of t e n sion  is t h u s  obvia t e d  in a  ve ry si m ple
m a n n er.  The  c hief poin t  of in t e r e s t  in  t h e  m a c hin e
is u n do u b t e dly t h e  m e a n s  e m ploye d  in t r a n sfe r rin g  t h e
m otion  fro m  t h e  m ain  s h af t  to  t h e  u n d e r n e a t h  p a r t s ,
a n  a r r a n g e m e n t  a s  ing e nious  a n d  effec tive  a s  a ny d evice
eve r  in t rod uc e d  in to  s ti t chin g  m e c h a nis m.  I t  is
t h e  inve n tion  of Mr. Rob e r t  Whit e h all, a n d  consis t s
of a  ve r tical r ocking  s h af t  si t u a t e d  in t h e  a r m  of
t h e  m a c hin e  Motion  is imp a r t e d  to  it  by m e a n s  of a n
elbow  for m e d  u po n  t h e  m ain  s h af t  a c ting  u po n  two  a r m s,
c alle d  wip e r s ,  p rojec ting  fro m  t h e  rocking  s h af t ,
t h e  a n gle  for m e d  by t h e  a r m s  exac tly coinciding  wi t h
t h a t  of t h e  elbow  in its  r evolu tion.   This  a d mi r a ble
m o tion  will no  do u b t  a t t r a c t  m u c h  a t t e n tion  fro m  m e c h a nis t s
a n d  e n gin e e r s .

T h e  Loc k  S t i t c h  fro m  T wo R e els .—In
t h e  e a rly d ays  of t h e  s e wing  m a c hin e,  t h e  m a k e r s  of
it  of t e n  m e t  wi th  t h e  q u e s tion,  “Why do  you  u s e
a  s h u t tl e  a t  a ll?  Ca n  you no t  inve n t  a  m e t ho d
of wo rking  fro m  a  r e el di r ec t?” The  q u e s tion e r
g e n e r ally m e a n s  a  r e el  pl ac e d  u po n  a  pin,  jus t  a s  t h e
u p p e r  r e el  is pl ac e d.   The  r e ply to  s uc h  a  q u e ry
is, of co u r s e ,  t h a t  to  p ro d u c e  t h e  lock  s ti t ch  in
t h a t  w ay is impossible—a s  ind e e d  it  is.
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But  m a ny  ing e nious  m a c hinis t s  h ave  po n d e r e d  long  ove r
t h e  p ro ble m,  a n d  s eve r al  cleve r  con t riva nc e s  h av e
b e e n  inve n t e d  wi th  a  view to  it s  solu tion.   I t
m ay sc a r c ely b e  n e c e s s a ry  to  s ay t h a t  t h e  b e s t  m a n ufac t u r e r s
of s e wing  m a c hin e s  h ave  con d u c t e d  exp e ri m e n t s  wi th
t h e  s a m e  objec t  in  view, a n d  t h e  r e s ul t  h a s  alw ays
b e e n  a  r e t u r n  to  t h e  s h u t tl e,  wi th  i t s  s t e el  bob bins.

Why is t his,  a n d  ho w  is i t t h a t  a  ve ry big  s h u t tl e
c a n no t  b e  u s e d,  la rg e  e no u g h,  ind e e d,  to  a c co m m o d a t e
a ny bob bin  wi thin  it s elf?  The  a n s w e r  is ve ry
si m ple.   I t  h a s  b e e n  do n e  ove r  a n d  ove r  a g ain.

Sinc e  t h e  w hole  b ulk of t h e  u n d e r  t h r e a d  m u s t  p a s s
t h ro u g h  t h e  loop  of t h e  u p p e r  on e ,  it, is q ui t e  cle a r
t h a t  t h e  size  of t h a t  loop  m u s t  b e  p ropo r tion e d  to
t h e  b ulk of t h e  s h u t tl e .   Thus,  a  s m all s h u t tl e
wo uld,  p e r h a p s,  b e  cove r e d  by a n  inch  of t h r e a d ,  w hile
ou r  s u p pos e d  m a m m o t h  s h u t tl e  mig h t  r e q ui r e  t e n  ti m e s
t h a t  a m o u n t.   Now, le t  u s  consid e r  t h a t  to  s e w
a n  inch  of t h r e a d  in to  lock s ti tch es  fr eq u e n tly involves
its  b eing  d r a w n  u p  a n d  dow n  t h ro u g h  bo t h  n e e dle  a n d
fab ric  t w e n ty  tim e s.   This m e a n s  conside r a ble
c h afing,  a n d  possible  inju ry to  t h e  t h r e a d .

But  if w e  w e r e  to  s a n c tion  t h e  u s e  of c a p a cious  s h u t tl es ,
t e n  inch e s  of t h r e a d  m u s t  u n d e r go  t his  ch afing  a n d
s e e s a w  t r e a t m e n t ,  a n d  u n d e r  t h e  a bove  con di tions  eve ry
p a r t  of t h e  t e n  inch e s  m u s t  p a s s  u p  a n d  dow n  t wo  h u n d r e d
ti m es—t r e a t m e n t  t h a t  mig h t  r e a s on a bly b e
exp ec t e d  to  leave  lit tl e  “life” in  t h e
t h r e a d.   But  in  s pi t e  of t his  t r e m e n do us  d r a w b a ck,
t h e r e  a r e  m a c hin e s  offe r e d  for  s al e  m a d e  wi th  s uc h
s h u t tl e s.

For  r e a so ns  t h a t  I h ave  now  poin t e d  ou t ,  it  is q ui t e
cle a r  t h a t  a  la r g e  s h u t tl e  o r  bob bin  is by  no  m e a n s
a n  u n mixed  a dv a n t a g e .   Ind e e d,  t h e  ve ry b e s t  m a k e r s
of s e wing  m a c hin e s  h ave  alw ays  s t rive n  to  ke e p  dow n
t h e  b ulk of t h e  s h u t tl e ,  a n d  in t hos e  s pl en did  m a c hin es
s how n  h e r e  to-nigh t  t h e  u s e  of t h e  s m all s h u t tl e s
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is co ns picuous.   I t  m ay  b e  con t e n d e d  t h a t  s m all
bob bins  fre q u e n tly r e q ui r e  r efilling,  w hich  is q ui t e
t r u e ,  b u t  t h e  s aving  of t h e  t h r e a d  effec t e d  t h e r e by,
no t  to  m e n tion  t h a t  of t h e  m a c hin e  it s elf, a m ply co m p e n s a t e s
for  t h e  u s e  of s m all s h u t tl e s.   Apa r t  fro m  t his,
how ever, it  is no  long e r  n e c e s s a ry  to  win d  bob bins
a t  all.  De w h u r s t  & So ns,  of Skip ton,  a n d  Cla rk
& Co., of Paisley, h ave  p rod uc e d  r e a dy wo u n d  “cops”
o r  bob bins  of t h r e a d  for  pl acing  di r e c t  in to  s h u t tl e s.  
Thus  no  winding  of bo b bins  is n e c e ss a ry, a n d  ind e e d
t h e  bo b bins  t h e m s elves  a r e  dis p e n s e d  wi th.   I b elieve
t h a t  t h e  sligh tly inc r e a s e d  cos t  of t h e  t h r e a d  t h u s
wo u n d  is t h e  only p r e s e n t  b a r  to  t h e  ex t e nsive  in t rod uc tion
of r e a dy wou n d  “cops.”

Of T hr ead  Con trollers .—On e  of t h e
e a rli es t  difficul ti es  e n co u n t e r e d  by t h e  m a k e r  of
a  s e wing  m a c hin e  w a s  t h a t  of effec t u ally con t rolling
t h e  loos e  t h r e a d  af t e r  it h a d  b e e n  c a s t  off t h e  s h u t tl e.  
In  so m e  m a c hin es  t his  slack  t h r e a d  a m o u n t s  to  six,
in  o th e r s  to  on e  o r  t wo  inch e s.   Ho w e  go t  ove r
t h e  difficul ty by p a s sing  his  t h r e a d,  on  its  w ay to
t h e  n e e dle,  ove r  t h e  u p p e r  ex t r e mi ty of t h e  n e e dle
b a r—t h e  a s c e n t  of t h e  b ar, t h e n,  s uffice d
to  p ull u p  t h e  sl ack.   Sing e r  imp rove d  u po n  t his
by fu rnishin g  hi s  m a c hin e  wit h  a  s p rin g  t ak e-u p  lever,
p a r t i ally con t rolled  by t h e  n e e dle  b ar.

50



Page 27

[Illus t r a tion:  FIG. 4.]

Wilson,  in t h e  Whe ele r-Wilson  m a c hin e,  h a d  n ei th e r
of t hos e  a r r a n g e m e n t s,  b u t  d e p e n d e d  u po n  t h e  s ucc e e ding
r evolu tion  of t h e  hook  to  d r a w  u p  t h e  slack  of t h e
p r e c e ding  s ti tc h.   Thes e  d evices  w e r e  all fa r  fro m
p e rfec t  in t h ei r  op e r a tion,  c hi efly b e c a u s e  t h ey  co m m e n c e d
to  a c t  too  soon.   In  e a c h  c a s e  t h e  p ulling  u p
co m m e n c e d  wi th  t h e  ri se  of t h e  n e e dle,  a n d  t h e  t ig h t e nin g
op e r a tion  s u bjec t e d  t h e  t h r e a d  to  all t h e  fric tion
of r u b bing  it s  w ay t h ro u g h  bo t h  n e e dle  eye  a n d  fab ric.  
N ow, a n  ide al  t ak e-u p  s ho uld  no t  co m m e n c e  to  a c t  u n til
t h e  n e e dle  h a s  a s c e n d e d  a bove  t h e  fab ric,  a n d  on e
of t h e  m o s t  im po r t a n t  s t e p s  tow a r d  p e rf ec tion  in s e win g
m a c hin e s  w a s  u n do u b t e dly a t t ain e d  w h e n  s uc h  a  d evice
w a s  a c t u ally inve n t e d.   In  effec ting  t his,  t h e
m e a n s  e m ployed  consis t s  of a  diffe r e n ti al  o r  va ri a ble
c a m,  ro t a tin g  wi t h  t h e  m ain  s h af t .   This  con t rols
t h e  m ove m e n t s  of a  leve r  c alle d  t h e  t ak e-u p,  pivot e d
to  t h e  m a c hin e  (Fig.  4).  No t  only h a s  it b e e n
pos sible  by t h e s e  m e a n s  to  con t rol t h e  tigh t e ning  of
t h e  s ti tch,  b u t  t h e  p aying  ou t  of t h e  t h r e a d  for  e nveloping
t h e  s h u t tl e  also,  a n d  bo t h  t h e  p aying  ou t  a n d  p ulling
u p  a r e  a c t u ally effec t e d  af t e r  t h e  n e e dle  h a s  a s c e n d e d
a bove  t h e  clo t h.   The  in t ro d uc tion  of t h e  posi tive
t ak e-u p,  t h e  fir s t  for m s  of w hich  a p p e a r e d  in  1 8 7 2,
no t  only sim plifies  t h e  m ove m e n t s  of t h e  s h u t tl e  o r
hook, b u t  for  t h e  fir s t  tim e  r e n d e r s  t h e  m a king  of
t h e  lock  s ti t ch  pos sible,  w hile  t h e  n e e dle  h a s  a  di r ec t
u p  a n d  dow n  m o tion.   Thus,  w e  find  t h a t  in m os t
of t h e  s wift e s t  s e wing  m a c hin e s,  t h e  n e e dle  b a r  is
a c t u a t e d  by a  si m ple  c r a nk  pin  o r  ec c e n t ric,  t h e r e
b ein g  no  loop  dip  o r  p a u s e  in it s  m o tion.

The  dia g r a m  s how s  a  posi tive  t ak e-u p  in t h r e e  posi tions—a t
t h e  co m m e n c e m e n t  of t h e  n e e dle’s d e s c e n t ,  d u ring
t h e  d e t e n tion  of t h e  loop  by t h e  b e ak,  a n d  d u rin g
t h e  c a s tin g  off of t h e  loop.  The  do t t e d  line s
indica t e  t h e  p a t h  of t h e  c a m  to  p ro d uc e  t h e s e  posi tions .  
The  in t e r mit t e n t  m ove m e n t s  of t h e  t ak e-u p  h ave  t h us
led  to  t h e  a b a n do n m e n t  of va ri a ble  m o tions  in  bo t h
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n e e dle  a n d  s h u t tl e ,  a n d  p a r ticula rly so  in oscilla ting
s h u t tl e  m a c hin e s .

W h e eler  & Wilson’s Variable  M o tion .—But
w hile  t h e  si m ple  a n d  di r e c t  m ove m e n t  is no w  p r ef e r r e d
for  s h u t tl e s,  bo t h  oscilla ting  a n d  ro t a ry, t h e  r evolving
hooks  of Whe ele r  & Wilson  a r e  p rovide d  wi th  a  diffe r e n tial
m o tion,  a n d  t h e  w ay it is effec t e d  a p p e a r s  s ufficien tly
in t e r e s ting  to  c all for  a  s ho r t  d e sc rip tion.  
Whe n  t h e  ro t a tin g  hook  h a s  s eize d  t h e  loop  of t h r e a d ,
it  m a k e s  h alf a  r evolu tion  wi th  g r e a t  r a pidi ty; it s
s p e e d  t h e n  slacke ns,  a n d  b e co m e s  ve ry slow for  t h e
r e m aining  h alf a  r evolu tion.   In  t h e  fir s t  m a c hin e s
in t rod u c e d,  t his  w a s  effec t e d  by  m e a n s  of a  r evolving
disk,  h aving  slo t s  in w hich  work e d  pins  a t t a c h e d  to
t h e  m ain  s h af t  a n d  hook  s h af t  r e s p e c tively.

[Illus t r a tion:  FIG. 5.]

In  t h e  la t e r  a n d  m o r e  imp rove d  m a c hin e s,  t h e  va ri abl e
d evice  is m u c h  sim plified  (Fig. 5).  The  m ain
s h af t ,  lea din g  to  t h e  ro t a ting  hook, is s e p a r a t e d
in to  t wo  po r tions,  t h e  axis  of on e  po r tion  b eing  pl ac e d
a bove  t h a t  of t h e  o t h er.  A c r a nk  pin  is a t t a c h e d
to  e a c h,  a n d  t h e s e  pin s  a r e  con n e c t e d  tog e t h e r  by
a  sim ple  link.  An ex a min a tion  of t h e  d evice  i ts elf
s how s  t h a t ,  w hile  t h e  m o tion  of t h e  m ain  s h af t  po r tion
is u nifor m,  t h a t  of t h e  hook  s h af t  is al t e r n a t ely
a c c ele r a t e d  a n d  r e t a r d e d.
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The  pic t u r e  on  t h e  s c r e e n  gives  a  g e n e r al  view of
t h e  No. 1 0  D m a c hin e,  in w hich  t h e s e  m o tions  a r e  e m bo die d,
a n d  s howing  t h e  posi tion  of t h e  posi tive  t a k e-u p  affec t e d
by t hos e  m o tions,  a  posi tion  w hich  is p r efe r r e d  for
ve ry high  s p e e d s  in t his  m a c hin e,  e s p e cially for  t h r e a d s
pos s e ssin g  lit tl e  el a s tici ty.

M o tions  of  t h e  Fee d er .—The  s p e e d
a t t ain e d  by t h e  fas t e s t  s e wing  m a c hin e s  is d u e  m o r e
to  t h e  r e d uc tion  a n d  si m plifica tion  of t h e  m ove m e n t s
t h a n  to  a ny o t h e r  imp rove m e n t .   H e avy conc e s sions
a n d  r e a c tions  h ave  b e e n  r e plac e d  by di r e c t  m o tions,
a n d  c a m s  h av e  b e e n  exclud e d  a s  m u c h  a s  possible.  
Mr. A.B.  Wilson’s famou s  inven tion  of t h e
fou r  m o tion  fee d e r  d e p e n d e d  u po n  bo t h  g r avity a n d
a  r e a c ting  s p rin g  for  t wo  m o tions.   Sing e r  imp rove d
u po n  it  by  m a kin g  t h r e e  of t h e  m o tions  posi tive,  a
s p rin g  b eing  u s e d  for  t h e  d ro p.   Bu t  a  r e ally
posi tive  fou r  m o tion  fee d e r  w a s  long  sou g h t  by  inve n to r s.

Hi th e r to  t h e  r e a c tion  of t h e  fee d e r—t h a t
is, it s  d e sc e n t  a n d  r ec es sion—w a s  g e n e r ally
a t t ain e d  by m e a n s  of a  s p ring.   The  d ro p  a n d  a s c e n t
a r e  now  effec t e d  by  m e a n s  of a  s e p a r a t e  e cc e n t ric  in
Sing e r’s m a c hin e .   U nc e r t ain ty of a c tion
in t h e  fee d,  onc e  a  c a u s e  of m u c h  inconve nie nc e ,  m ay
now  b e  s aid  to  b e  ove rco m e.   A p e c ulia ri ty of t h e
fou r  m o tion  fee d e r  in Wh e ele r  & Wilson’s m a c hin e
is a n  a r r a n g e m e n t  e n a bling  t h e  op e r a to r  to  fee d  in
ei t h e r  di r ec tion  a t  will.

N o t  less  wo r t hy of no t e  a r e  imp rove m e n t s  t h a t  h ave
b e e n  m a d e  in  w h e el fee d e r s.   The  w h e el  fee d  w a s
o rigin ally m u c h  u s e d  for  clot h  s e win g  m a c hin e s,  e s p e cially
in Sing e r’s sys t e m.   Bu t  in r e c e n t  ye a r s
t h e  d ro p  o r  fou r  m o tion  fee d e r  h a s  e n ti r ely s u p e r s e d e d
it  for  s uc h  p u r pos e s.   The  w h e el  feed  s till holds
its  ow n,  how ever, for  s e wing  le a t h er, e s p eci ally in
t h e  “closing” of boo t  u p p e r s ,  in t his
cou n t ry.  Sing e r’s  o rigin al w h e el fee d e r
w a s  a c t u a t e d  by a  fric tion  s ho e  riding  u po n  t h e  flang e
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of t h e  w h e el.  The  fric tion  g rip,  how ever, h a d
c e r t ain  faul ts ,  owing  to  t h e  t e n d e n cy of t h e  s ho e  to
slip  w h e n  t h e  s u rfac es  b e c a m e  cove r e d  wi th  oil.

[Illus t r a tion:  FIG. 6.]

A la t e r  for m  of Ho w e’s m a c hin e  u s e d  a  p ai r  of
a n g ula r  clu tc h e s ,  e m b r a cin g  t h e  flan g e  of t h e  w h e el. 
In  bo t h  Sing e r’s a n d  Wh e ele r  & Wilson’s
la t e s t  s tyle s  of m a c hin e s  t his  a r r a n g e m e n t  is si m plified
a n d  imp rove d  by t h e  u s e  of a  single  a n gle  clu tc h,
w hich  is foun d  to  wo rk  eve n  w h e n  t h e  s u rfac es  a r e
fre ely oiled  (Fig. 6).

Any m o tion  of t h e  fre e  ex t r e mi ty of t h e  leve r  u po n
w hich  t h e  bi ting  clu t c h  is for m e d  bind s  t h e  la t t e r
u po n  t h e  flang e  of t h e  w h e el, w hich  t h e n  a dva nc e s
so  long  a s  t h e  leve r  con tinu e s  to  m ove  in t h a t  di r ec tion.  
Whe n  t h e  s ti tch  is co m ple t e d,  t h e  clu tc h  is allow e d
to  r e c e d e,  a n d  is p ulled  b a ck  by a  r e a c ting  s p ring.  
The  bi t e  of t h e  clu t ch  is give n  by t h e  t wo  opposi t e
co r n e r s .

The  fee d  w h e el  its elf is fr e e  to  r evolve  in a  forw a r d
di r e c tion,  b u t  is p r eve n t e d  fro m  rocking  b a ckw a r d
in Sing e r’s m a c hin e  by a n  ing e nious  li t tl e  d evice,
r e c e n tly in t ro d uc e d.   I t  consis t s  of a  s m all s t e el
roller, si t u a t e d  wi thin  t h e  a n gle  for m e d  by a n  incline d
pla n e  a n d  t h e  flan g e  of t h e  w h e el, a n d  cons t a n tly
p ulled  in to  t h e  a n gle  by a  s pi r al  s p ring.   Any
b ackw a r d  t e n d e n cy of t h e  w h e el  bin ds  t h e  rolle r  m o r e
fir mly in t h e  a n gle  a n d  s tops  t h e  w h e el.  For m e r
fee d  w h e els  w e r e  c h eck e d  by a  b r ak e  s p ring  o r  block,
w hich  r e t a r d e d  t h e  m o tion  of t h e  w hole  m a c hin e  w h e n
h e avily a dju s t e d .
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Fee d ers  for B u t to n  Hole  S e win g  M ac hin es  a r e
al mos t  inva ri a bly of t h e  w h e el  typ e,  b u t  in t his  c a s e
t h e  clo th  is u s u ally c a r ri e d  by  a  cla m pin g  d evice,
a n d  m ove d  in a  p e a r-s h a p e d  p a t h  by  m e a n s  of a  c a m  cu t
in t h e  fee d  w h e el, a s  s how n  in t h e  s a m ples  of t his
wo n d e rful kind  of m e c h a nis m  exhibi t e d  h e r e  to-nig h t .

T h e  Co m p e n sa ting  S y s t e m  of  Cons tr uc tion .—Co m p e n s a tion
for  w e a r  is a  p a r t  of t h e  m e c h a nis t’s  a r t  t h a t
a p p e a r s  jus t  a s  e s s e n ti al to  hi m  a s  co m p e n s a tion  for
va ri a tion  of t e m p e r a t u r e  is to  a  m a k e r  of ch ro no m e t e r s .  
In  t h e  cons t r uc tion  of s e win g  m a c hin e s  to  b e  r u n  in
fac to rie s  by pow e r  a t  t h ei r  u t mos t  s p e e d,  s uc h  a  sys t e m
is of t h e  g r e a t e s t  impo r t a n c e .   An effec tive  s ys t e m
of co m p e n s a tion  h a s  b e e n  e a g e rly sou g h t  by t h e  b e s t
m a c hin e  m a k e r s  eve r  since  t h e  in t rod uc tion  of fas t
s p e e d  s e wing.

Co m p e n s a tion  h a s  b e e n  a t t e m p t e d  h e r e  a n d  t h e r e  in
t h e  m a c hin e s  for  m a ny  ye a r s ,  b u t  no  s e win g  a p p a r a t u s
could  b e  s aid  to  b e  so  co m p e n s a t e d  u n til t h e  con e
co m p e n s a to r  c a m e  in to  u s e ,  a  d evice  w hich  h a s  b e e n
t ak e n  a dva n t a g e  of by  va rious  m a k e r s .   S ave  in
t h e  s h u t tl e  r a c e  it s elf t h e r e  is no t  a  p a r t  of t h e
oscilla ting  s h u t tl e  m a c hin e  s u bjec t  to  s e rious  w e a r
t h a t  c a n no t  b e  ins t a n tly a dju s t e d  to  full m o tion  by
t h e  t u r nin g  of a  sc r ew, w hile  w e a r  in t h e  s h u t tl e
r a c e  c a n  b e  co m p e n s a t e d  for  in t h e  u s u al w ay. 
This  effec tive  sys t e m  d e p e n d s  u po n  t h e  u nion  of t wo
m a t h e m a tical for m s,  long  u s e d  in  m e c h a nis m—t h e
con e  a n d  t h e  scr e w .  In  sc r e w  con es
w e  pos s e s s  a  p e rfec t  co m p e n s a tor, a n d  it  is s u r p rising
t h a t  p a r t s  of m e c h a nis m  so  h u n g  a p p e a r  s u bjec t  to
ve ry lit tl e  w e ar.  Anoth e r  a dva n t a g e ,  too,  is g ain e d
by t h e  in t ro d uc tion  of sc r e w  con e  b e a rin gs;  t h e  fric tion
is alw ays  g r e a tly r e d uc e d  by t h ei r  u s e .   In  eve ry
c a s e  t h e  fine  a dju s t m e n t  of t h e  con e s  is s ec u r ely
m ain t ain e d  by lockn u t s  (Fig. 7).

[Illus t r a tion:  FIG. 7.]
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But  t h e  sc r e w  con e  sys t e m  is no t  t h e  only co m p e n s a to r
u s e d  in s e wing  m a c hin e ry; w h e r e  it c a n no t  b e  e a sily
in t rod u c e d,  o th e r  d evices  h av e  b e e n  e m ploye d.

The  w ell know n  t a p e rin g  n e e dle  b a r s  of for m e r  ye a r s
h ave  b e e n  s u p e r s e d e d  by cylind rical n e e dle  b a r s .  
The  Wh e ele r  & Wilson  Co m p a ny a p p e a r  to  b e  t h e  fi r s t
w ho  u tilize d  t h e  e n gin e e r’s s hif ting  box a s  a n
a n tifric tion  d evice  for  r o u n d  n e e dle  b a r s .   They
p ack e d  t h ei r  b a r s  ro u n d  wi th  fel t  ri n gs,  a n d  co m p r e s s e d
t h e  w hole  by a  sc r e w  c a p.

In  t h e  Sing e r  m a c hin es  t h e  s a m e  exc elle n t  d evice  h a s
b e e n  a do p t e d ,  h e m p  p a cking  a n d  s c r e w  b u s h e s  b eing
u s e d  (Fig.  8); f  a n d  g  s how  t h e  di r e c t
a c tion  on  t h e  n e e dle  b ar.  This  m e t ho d  of for min g
n e e dle  b a r  b e a rings ,  p a r ti ally of m e t al  a n d  p a r ti ally
of fel t  o r  h e m p,  h a s  affo rd e d  t h e  m os t  s u r p rising
r e s ul t s .

[Illus t r a tion:  FIG. 8.]

Whe n  t h e  b a r s  a r e  of h a r d  o r  finely polish e d  s t e el,
no  p e rc e p tible  w e a r  c a n  b e  d e t e c t e d  in t h e m,  eve n
af t e r  t h ey h ave  b e e n  in d aily u s e  in fac to rie s  for
t w elve  m o n t h s,  w h e r e a s  b a r s  no t  so  b u s h e d  mig h t  s how
con sid e r a ble  w e a r  in  t h a t  s p ac e  of t im e.   The
p acking,  to  b e  effec tive,  s hould  b e  s ufficien tly clos e
to  p r eve n t  a s  m u c h  a s  possible  fric tion  of t h e  s t e el
wi th  t h e  c a s t  iron  n e e dle  b a r  w ays.   Lub rica tion
of t h e  s t e el is ins u r e d  by ke e pin g  t h e  h e m p  p a cking
m ois t e n e d  wi th  oil.
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Cylind rical n e e dle  b a r s ,  w h e n  co m bin e d  wi t h  a n  effec tive
sys t e m  of b r u s hing,  h av e  p rove d  t h e m s elves  s u p e rio r
to  eve ry o th e r  for m  of slide  for  lock s ti tc h  m a c hine s .  
Bu t  t h ei r  in t rod uc tion  is by no  m e a n s  a  t hing  of yes t e r d ay. 
They w e r e  u s e d  fr e ely in s e win g  m a c hin es  a s  fa r  b a ck
a s  1 8 6 0,  b u t  w e r e  n eve r  ve ry s ucc e s sful u n til u ni t e d
wi th  t h e  lub rica ting  b r u s h .   So m e  m a k e r s  go  a
s t e p  fu r t h er, a n d  el a bo r a t e  t h e  sys t e m  by t h e  in t ro d uc tion
of s t e el b r u s h e s ,  e a sily r e n e w a ble.

Eve ry effor t  is now  m a d e  to  r e d u c e,  a s  m u c h  a s  possible,
no t  only t h e  ext e n t  of m ove m e n t  of t h e  p a r t s  in hig h
s p e e d  m a c hin es ,  b u t  t h e  w eig h t  of t h e  p a r t s  t h e m s elves.  
Ind e e d,  so  fa r  h a s  t his  b e e n  c a r ri e d  t h a t ,  in so m e
of t h e  Wh e ele r  & Wilson  m a c hin e s  no w  s how n,  t h e  n e e dle
b a r s  consis t  r e ally of s t e el t u b e s.   S m all m oving
p a r t s  a r e  m a d e  a s  ligh t  a s  possible,  b u t  r i gidi ty
is s e c u r e d  by t h e  fr e e  u s e  of s t r e n g t h e nin g  rib s.  
M a ny of t h e  p a r t s  a r e  of c a s t  iron,  r e n d e r e d  m alle a ble
by a n n e aling,  a n d  finally c a s e h a r d e n e d.   S uc h
p a r t s  a r e  foun d  to  b e  q ui t e  a s  d u r a ble  a s  if m a d e  of
forg e d  s t e el, a n d  a r e ,  of cou r s e ,  less  cos tly. 
As to  t h e  a u to m a tic  tools  no w  u s e d  in  t h e  co ns t r u c tion
of t h e  m a c hin e s,  it  m ay  b e  s aid  t h a t  sc a r c ely a  file,
h a m m er, o r  chis el touc h e s  t h e  fr a m e  or  p a r t s  w hile
t h ey a r e  b eing  a s s e m ble d  to  wo rk  tog e t h er.  The
in t e r c h a n g e a ble  sys t e m  of cons t r uc tion  is, of cou r s e ,
t h e  only on e  possible  for  t h e  a c c u r a t e  p ro d uc tion
of t h e  millions  of s e win g  m a c hin e s  now  m a n ufac t u r e d
a n n u ally.

High  Ar m  Cons t ruc tion .—S e win g  m a c hin e s ,
a s  now  cons t r uc t e d ,  exhibi t  a  r a t h e r  s ho r t  a n d  ve ry
hig h  a r m,  a  for m  of fr a m e wo rk  t h a t  h a s  b e e n  foun d  to
con t ribu t e  in no  s m all d e g r e e  to  t h e  ligh t  r u n ning
c a p a bilitie s  of fas t  s p e e d  m a c hin e s.   While  it
r e d u c e s  t h e  len g t h  of t h e  va rious  p a r t s  conc e r n e d
in t h e  t r a n sfe r e nc e  of t h e  m o tive  pow er, it a d d s  to
t h ei r  r igidi ty a n d  di minish e s  t h ei r  w eigh t ,  m ain t aining
a t  t h e  s a m e  ti m e  t h e  c a p a ci ty of t h e  m a c hin e  to  a cco m m o d a t e
t h e  la r g e s t  g a r m e n t s  b e n e a t h  t h e  a r m.

57



But  t h e  s p e cific imp rove m e n t s  in pl ain  s e wing  m a c hin e s,
to  w hich  I h ave  h a d  t h e  ho no r  of d r a wing  you r  a t t e n tion,
do  no t  exh a u s t  t h e  lis t,  a n d,  tim e  p e r mi t ting,  it
mig h t  b e  conside r a bly a u g m e n t e d .   N o r  m u s t  it b e
infe r r e d  t h a t  a dva nc e m e n t  h a s  t ak e n  pl ac e  exclusively
in t hos e  sys t e m s  of s e win g  m a c hin e ry  no w  b efo r e  u s .

Acc e ssories  to  S e wi n g  M a c hin es .—The
n u m b e r  of s p e ci al a t t a c h m e n t s  t h a t  h ave  b e e n  s ucc e s sfully
a d a p t e d  to  pl ain  s e wing  m a c hin e s  h a s  m ul tiplied  so
r a pidly of la t e ,  t h a t  only on e  o r  t wo  of t h e  m o r e  no t a ble
c a n  b e  s pok e n  of on  t his  occ a sion.   Pe r h a p s  t h e
m os t  g e n e r ally u s eful of t h e s e  is t h e  t ri m m er, a n
a r r a n g e m e n t  consis ting  of a  vib r a tin g  knife, w hich
t ri m s  off t h e  s u p e rfluous  e d g e  of a  s e a m  a s  t h e  m a c hin e
s ti tc h e s  it.   Thes e  a r e  in ext e n sive  u s e  in t h e
fac to rie s  a t  Leices t er, N o t tin g h a m,  a n d  els e w h e r e ,
w hile  N o r t h a m p ton  a n d  N o rwich  u s e  t h e  s a m e  d evice  for
p a rin g  t h e  s e a m s  in boo t  u p p e r  m a n ufac t u r e .   The
c his el-like  knife  is u s u ally a c t u a t e d  by  a  c a m  ro t a ting
wi th  t h e  m ain  s h af t ,  a n d  on e  o r  t wo  of t h e  u s u al  for m s
of t his  a t t a c h m e n t  a r e  to  b e  s e e n  h e r e  t his  ev e nin g
on  bo t h  lock a n d  loop  s ti tc h  m a c hin e s.
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Whe n  m a c hin e s  a r e  m ove d  by t h e  foot, t h e r e  a r e  m a ny
objec tions  to  r u n ning  t h e  w hole  m a c hin e  w hile  winding
t h e  s h u t tl e  r e els .   We h av e,  t h e r efo r e,  s eve r al
u s eful d evices  for  r el e a sing  t h e  b al a nc e  w h e el of t h e
m a c hin e  fro m  t h e  m ain  s h af t ,  w hile  win ding.   Thes e
a r e  to  b e  foun d  bo t h  on  Whe ele r  & Wilson’s m a n ufac t u rin g
m a c hin e  a n d  u po n  Sin g e r’s highly finish e d  “Fa mily”
m a c hin e ,  w hich  also  c a r ri e s  a  m os t  ing e nious  a u to m a tic
r e el  wind er, c a p a ble  of doing  all t h e  wo rk  its elf,
a n d  c e a sing  to  a c t  a s  soon  a s  t h e  bo b bin  is filled.

The  s e t tin g  of t h e  n e e dle  in a  s e win g  m a c hin e  w a s
onc e  q ui t e  a  t a sk.   Oft tim e s  it h a d  to  b e  a djus t e d
by c h a n c e,  in  o t h e r  ins t a nc e s  by  c e r t ain  g uiding  m a r ks
u po n  t h e  n e e dle  b ar.  I t  is g r a t ifying  to  know
t h a t  all t his  h a s  b e e n  do n e  a w ay wit h,  a n d  t h a t  t h e
n e e dle  h a s  only to  b e  ins e r t e d  in to  t h e  b ar, a n d  fas t e n e d
by t u r nin g  a  s m all s c r ew.  Thes e  a r e  s tyle d  s elf-s e t tin g
n e e dle s,  a n d  a r e  u s u ally so  a r r a n g e d  t h a t  t h ey  c a n no t
b e  a djus t e d  w ro n gly a s  to  t h e  posi tion  of t h e  eye.

In  t h e  Willcox & Gibbs  m a c hin e,  a n d  in Sing e r’s
single  t h r e a d  m a c hin e ,  s how n  h e r e ,  w e  h ave  a n  in t e r mi t t e n t
t e n sion  a r r a n g e m e n t,  w hich  cla m p s  t h e  t h r e a d  a t  t h e
righ t  m o m e n t,  a n d  diffe r s  fro m  o rdin a ry  t e n sion  d evice s,
ina s m uc h  a s  it  m ay  b e  s aid  to  b e  a u to m a tic.  The
fee d er, too,  on  t h e s e  m a c hin e s  is of exc ellen t  d e sig n,
w hile  t h e  a r r a n g e m e n t s  t h a t  h av e  b e e n  in t rod uc e d  in to
t h e  Willcox & Gibbs  s t r a w  h a t  s e win g  m a c hin e  a r e  s u r p risingly
effec tive  in  s pinning  u p  a  h a t  fro m  a  loos e  roll of
b r aid.   S p e a king  of s t r a w  h a t  m a c hin es ,  m e n tion
s ho uld  b e  m a d e  of Wise m a n’s  h a n d  s ti tch  a p p a r a t u s ,
a s  imp rove d  by M es s r s .  Willcox & Gibbs,  a n d  s how n  h e r e
t his  eve ning.   This m a c hin e  e m ploys t wo  n e e dle s,
a n d  m a k e s  a  s ti tc h  r e s e m bling  h a n d  wo rk  a t  in t e rvals,
p ro d ucing  a  s ho r t  s ti tc h  a t  t h e  c e n t e r  of t h e  h a t ,
a n d  a u to m a tic ally wid e ning  t h e  s p a c e  b e t w e e n  t h e  s ti t ch e s
a s  t h e  dis t a nc e  fro m  t h e  c e n t e r  inc r e a s e s.   The
m a c hin e  it s elf is of won d e rful ing e n ui ty, a n d  m u s t
b e  ex a min e d  to  b e  u n d e r s tood.
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The  s ti tc h  m a king  its elf is, I b elieve,  q ui t e  n ew,
a n d  is also  of m u c h  in t e r e s t .   A p ai r  of n e e dles ,
t h e  wid t h  of a  s ti tc h  a p a r t ,  r i s e  fro m  b e n e a t h  t h ro u g h
t h e  m a t e ri al.  On e  of t h e s e  is a n  o r din a ry  m a c hin e
n e e dle,  t h r e a d e d;  t h e  o t h e r  is a  b a r b e d  n e e dle.  
Afte r  r i sing  a bove  t h e  s u rf ac e ,  t h e  loop of t h e  t h r e a d e d
n e e dle  is s eize d  by a  “th r e a d er,” a n d  t h row n
into  t h e  b a r b  of t h e  b a r b e d  n e e dle.   The  n e e dle s
t h e n  d e s c e n d,  a n d  t h e  fee d  occu r s ,  b ein g  t h e  leng t h
b e t w e e n  s ti t ch e s.   U pon  t h e  a s c e n t  of t h e  n e e dle s
a g ain  a g ain s t  t h e  m a t e ri al, t h e  loop  is bo t h  given
off t h e  b a r b  a n d  is e n t e r e d  by t h e  t h r e a d e d  n e e dle,
co m ple ting  t h e  s ti tc h.

Of B u t to n  Hole  M a c hine s .—The  m e c h a nis m
of b u t ton  hole  m a c hin es  is so  in t ric a t e ,  t h a t  I c a n
only a t t e m p t  on  t his  occa sion  to  p a r t i ally elucida t e
t h e  cons t r uc tion  of on e  of t h e m,  r ec e n tly in t ro d uc e d,
n a m ely, Sin g e r’s, w hich  a u to m a tically cu t s,
g uid e s,  a n d  s ti tc h e s  t h e  wo rk.

[Illus t r a tion:  FIG. 9.]
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Fig.  9  exhibi ts  t h e  s ti t chin g  m a d e  by t hi s  m a c hin e
u po n  t h e  e d g e  of t h e  b u t ton  hole.   Fig.  1 0  r e p r e s e n t s
t h e  rig h t  a n d  left  h a n d  loop e r s  a n d  loop  s p r e a d e r s ,
a n d  for  t h e  s ti t ch  m a king.   They rock  fro m  rig h t
to  left  wi t h  a n  int e r mi t t e n t  m o tion  ob t ain e d  fro m
a  c a m.   The  lef t  h a n d  loope r  c a r ri e s  t h e  u n d e r
t h r e a d  a n d  in t e r w e ave s  it wi th  t h e  u p p er, for min g  t h e
s ti tc h,  o riginally inven t e d ,  I b elieve,  by  Mr. Geo r g e
Fish er, of N o t ting h a m,  a n d  r einve n t e d  for  t h e  b u t to n
holing  m a c hin e  by D.W.G.  H u m p h r eys,  of M a s s ac h u s e t t s ,
U.S.A., in  1 8 6 2.   The  loop  s p r e a d e r s  a r e  m ove d
by a  rolle r  c a r ri ed  u po n  t h e  loope r  fra m e.   Fig.
1 1  exhibi t s  t h e  fee din g  a r r a n g e m e n t ,  bo t h  side s  of
t h e  fee d  w h e el, t h e  d riving  lever, a n d  t h e  s h a p e  of
t h e  p a t h  give n  to  t h e  c a r rying  cla m p  by t h e  h e a r t
c a m  c u t  in t h e  u p p e r  s u rf ac e  of t h e  feed  w h e el. 
The  pic t u r e  on  t h e  s c r e e n  r e p r e s e n t s  t h e  u p p e r  po r tions
of t h e  m a c hin e,  exhibi ting  t h e  conveying  cl a m p,  t h e
to  a n d  fro dipping  m o tions  of t h e  n e e dle  b ar, a n d
t h e  p a r t s  conveying  m o tion  to  t h e  a r r a n g e m e n t s  b e n e a t h
t h e  b e d  pl a t e .   Thes e  a r e  s how n  in Fig.  1 2,  a n d
r e p r e s e n t  t h e  feed  a n d  loop e r  c a m s,  t h e  fee din g  a n d
loop e r  leve rs ,  a n d  t h e  s ti tc h  for ming  m e c h a nis m  al r e a dy
s how n.   A m o s t  ing e nious  d evice  in t his  m a c hin e
is t h e  a r r a n g e m e n t  for  a u to m a tic ally leng t h e ning  t h e
t h row  of t h e  fee d  w hile  s ti tc hing  a ro u n d  t h e  eye  of
t h e  b u t ton  hole.   It  is effec t e d  by  m e a n s  of a
c a m,  w hich  imp a r t s  m o r e  o r  les s  leve r a g e  to  t h e  fee d
a r m  by t h e  in t e rve n tion  of a  “shipp e r”
lever, hing e d  to  t h e  fee d  leve r  it s elf.  The  s p ac e
of ti m e  a t  my  di spos al oblige s  m e  to  r e co m m e n d  a  p e r so n al
exa min a tion  of t h e  m a c hin e  it s elf, to  fully u n d e r s t a n d
its  va rious  m o tions  a n d  it s  a c tion  in wo rking  a  b u t ton
hole.

[Illus t r a tion:  FIG. 1 0.]

[Illus t r a tion:  FIG. 1 1.]

[Illus t r a tion:  FIG. 1 2.]
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M e n tion  m ay  b e  m a d e  of Sing e r’s s p eci al b u t to n
hole  m a c hin e  for  m a king  t h e  s t r aig h t  holes  u s e d  in
line n  wo rk,  a n d  in w hic h  a  s h u t tl e  is e m ployed.  
Of Whe ele r  & Wilson’s ing e nious  b u t to n  hole
m a c hin e  for  t h e  s a m e  p u r pos e ,  I a m  e n a ble d  to  s how
a  di a g r a m,  in w hich  it will b e  obs e rve d  t h a t  t h e  fee din g
a r r a n g e m e n t s  a r e  pl ac e d  a bove  t h e  b e d  pl a t e ,  a n d  a r e
no  do u b t  t h e r e by r e n d e r e d  e a sily a c c e s sible.

Ap plication  of  Pow er  to  S e wi n g  M a c hin e s .—The r e
w a s  a  ti m e  w h e n  a  c ry a ro s e  to  t h e  effec t  t h a t  t h e
in t rod u c tion  of m e c h a nical s e wing  wo uld  lea d  to  dive r s
c al a mities,  p hysical a n d  m e n t al.  The  ladies  w e r e
to  b e co m e  c rooke d  in t h e  s pin e,  a n d  r e g ula r  op e r a to r s
w e r e  to  b eco m e  r e g ula r  c ripples.   I t  is s c a r c ely
n ec es s a ry  to  a sk,  H a s  t his  b e e n  so?   The  op e r a to r s
of to-d ay a r e ,  I t hink,  s u p e rio r  in  p hysical a t t ain m e n t s
to  t h ei r  sis t e r s  of t h e  n e e dle  a n d  t h r e a d  fifty ye a r s
a go.
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Within  t h e  p a s t  few yea r s  a  r evolu tion  h a s  t ak e n  pl ac e
in t h e  m oving  of s e wing  m a c hin e s.   Do m e s tic  m a c hin es
will p ro b a bly alw ays  b e  d riven  by foot  pow er, s p ring,
el ec t ric, a n d  w a t e r  m o to r s  no t wi th s t a n din g.   Bu t
t h e  a g e  of t r e a dle s  in t h e  g r e a t  m a n ufac t u rin g  t r a d e s
is a  t hin g  of t h e  p a s t .   I t  w a s  no t  n e c e s s a ry
for  Pa rli a m e n t  to  s t e p  in  a n d  p ro t ec t  t h e  wo rk e r s ,
a s  w a s  fre q u e n tly s u g g e s t e d  by al a r mis t s .   The
co m m e rcial in t e r e s t s  of m a n ufac t u r e r s  t h e m s elves  w e r e
a t  s t ak e .   M a c hin e s  d riven  by pow e r  could  do  2 5
p e r  c e n t .  m o r e  work  t h a n  t hos e  m ove d  by foot. 
The  op e r a to r s,  r elieve d  of t h e  t r e a dling,  m ain t ain e d
a  m u c h  b e t t e r  wo rking  con di tion; a n d  al tog e t h e r  t h e
in t rod u c tion  of pow e r  d riving,  onc e  w ell t e s t e d ,  b e c a m e
a  n e c e s si ty.  Pow e r  s e wing  m a c hin e ry  w a s  s p e e dily
d evise d  a n d  in t ro d uc e d  by s eve r al of t h e  fir s t  m a n ufac t u r e r s,
con t rolle r s  of t h e  s p e e d  of t h e  m a c hin e s  follow e d,
a n d  t wo  o r  t h r e e  s pl en did  sys t e m s  of s ti tc hing  by s t e a m
pow e r  w e r e  soon  wid ely know n.

By t h e  kind n e s s  of t h r e e  of t h e  b e s t  m a n ufac t u r e r s
of pow e r  s e win g  m a c hin e ry, I a m  e n a ble d  to  s how  to
you, t hi s  eve nin g,  t h e  b e s t  know n  sys t e m s,  a r r a n g e d
jus t  a s  t h ey a r e  fit t e d  in  m a ny la r g e  fac to rie s,  a s
al so  a  sk e tc h  of t h e  a r r a n g e m e n t s  of Wh e ele r  & Wilson’s
sys t e m.   We h av e  in t h e  fi r s t  pl ac e  a  ligh t  s h af ting
c a r rying  a  b a n d  w h e el opposi t e  to  e a c h  m a c hin e.  
By t h e  u s e  of a  pow e rful el ec t ro motor, t h e  s h af ting
is c a u s e d  to  ro t a t e  a t  t h e  r a t e  of 4 0 0  r evolu tions
p e r  min u t e  by el ec t rici ty.  The  cu r r e n t  is g e n e r a t e d
by t h e  Socie ty’s dyn a m o  m a c hin e ,  a n d  is conveye d
h e r e  by  cop p e r  c a ble.   I do  no t  know  of a ny ins t a n c e
of s e wing  m a c hin e ry  in  a  fac to ry b ein g  d rive n  by a n
el ec t ro motor, b u t  s uc h  m e a n s  of conveying  m o tive  pow e r
a p p e a r s  a d mi r a bly a d a p t e d  for  t h a t  p u r pos e,  w h e n  t h e
s ti tc hing  roo m  h a p p e n s  to  b e  fa r  r e m ove d  fro m  t h e
m ain  s h af ting  o r  e n gin e .   Bu t  wit h  r e g a r d  to  m o to r s
for  s e win g  m a c hin e s ,  w h e n  s p e ci al pow e r  h a s  to  b e  fi t t e d
dow n  for  t h a t  p u r pos e,  my  ow n  exp e rie nc e  lea d s  m e
to  s p e ak  in  favor  of t h e  a d mi r a bly gove r n e d  “Ot to”
g a s  e n gin es  m a d e  by Cros sley Bros.   Thes e  a r e  e s p eci ally
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s t e a dy, a  fe a t u r e  of no  s m all m o m e n t  in m oving  s ti t chin g
m a c hin e ry  of va rious  kinds.

M u c h  a t t e n tion  h a s  b e e n  d evot e d  to  t h e  inve n tion  of
con t rolle r s  of t h e  m o tive  po w e r  s u p plied  to  s e win g
m a c hin e s.   The  p rinciple  of t h e  fric tion  disk
h a s  foun d  m os t  favor.  In  m a ny c a s e s  t wo  of t h e s e
pla t e s ,  fas t  a n d  loos e,  a r e  pl ac e d  u po n  t h e  m ain  s h af t ,
a n d  t h ei r  s e p a r a tion  a n d  con t a c t  con t rolled  by  t h e
t r e a dle.   The  g r e a t  s e nsi tiven es s  of t h e  fric tion
a t t a c h m e n t  e m ployed  by t h e  Sin g e r  co m p a ny is d u e  chiefly
to  t h e  t r a n sfe r e n c e  of t h e  fric tion  pl a t e s  to  t h e
axis  of t h e  m a c hin e  it s elf (Fig.  1 3).  Thei r  con t a c t
a n d  s e p a r a t ion  a r e  co n t rolled  by a  leve r  work e d  by
a  ve ry sligh t  m ove m e n t  of t h e  t r e a dle.   Bu t  t h e
c hief poin t  of in t e r e s t  in  t his  d evice  lies  in t h e
co m bin a tion  wi th  t h e  leve r  of a  b r a k e ,  e n a bling  t h e
op e r a tor, by  a  si m ple  r eve r s al of t h e  t r e a dle’s
m o tion,  to  ins t a n tly s u s p e n d  t h e  ro t a tion  of t h e  m a c hin e.  
The  fork e d  lever, in fac t,  a c t s  si m ul t a n eo u sly in
t h rowing  off t h e  m o tion  a n d  a p plying  t h e  b r a k e .  
The  s p e e d  is alw ays  in  di r e c t  p ropo r tion  to  t h e  p r e s s u r e
exe r t e d  u po n  t h e  t r e a dle,  a n d  a  single  s ti t ch  c a n
b e  m a d e  a t  will.  Fig.  1 4  s ho ws  t h e  fric tion  w h e el
s e p a r a t e d ,  t h e  po r tion  a  b eing  fas t ,  a n d  e  loos e.
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[Illus t r a tion:  FIG. 1 3.]

[Illus t r a tion:  FIG. 1 4.]

The  Wh e ele r  & Wilson  co m p a ny do  no t  confine  t h e m s elves
to  a ny p a r ticula r  con t roller, b u t  p r ef e r  t h e  for m
s how n  h e r e  t his  eve ning  (Fig. 1 5), in w hich  t wo  b a n d s
a n d  a n  in t e r m e di a t e  p ulley a r e  e m ploye d.   The  fir s t
b a n d  is left  r a t h e r  loos e,  a n d  t h e  m a c hin e  is s e t
in  m o tion  by t h e  tigh t e ning  of t his  b a n d  t h rou g h  t h e
d e p r e s sion  of t h e  t r e a dle.   The  s p e e d  va rie s  in
p ro po r tion  to  t h e  p r e s s u r e  a p plie d,  a n d  t h e  s e n si tive n e s s
of t h e  a r r a n g e m e n t  is inc r e a s e d  by a  b r ak e  d evice
co ming  in to  pl ay by  t h e  r eve r s al  of t h e  t r e a dle  a s
b efo r e.

[Illus t r a tion:  FIG. 1 5.]

M e s s r s.  Willcox & Gibbs  d e p e n d  u po n  a  si mila r  d evice
s how n  in t h r e e  va rie ti es  to-nigh t .

S p e e d  of  Pow er  S e wi n g  M a c hin e s .—The
fas t e s t  p r a c tic a ble  s p e e d  of a  m a c hin e  wo rk e d  by t h e
foot  a p p e a r s  to  b e  1,00 0  s ti t ch e s  p e r  min u t e.  
Mos t  op e r a to r s  c a n  g uid e  t h e  wo rk  a t  a  m u c h  hig h e r
r a t e ,  e s p e cially in t ailo ring  o r  on  long  s e a m s.  
The  ave r a g e  s p e e d  u po n  s uc h  work  is 1 ,2 0 0  s ti t ch es
p e r  min u t e ;  b u t  m a ny lock-s ti tc h  m a c hin e s  a r e  r u n
a t  1 ,50 0  a n d  1,80 0  p e r  min u t e ,  a n d  eve n  a t  m u c h  hig h e r
r a t e s .   The r e  is alw ays  a  limit  to  b e  impos e d
u po n  s p e e d  by t h e  g uiding  po w e r s  of h a n d  a n d  eye;  it
is t his  limit,  a n d  no t  t h e  c a p a bili ty of t h e  m a c hin e,
t h a t  confines  t h e  r a t e  of d riving.   Willcox &
Gibbs’ single  t h r e a d  m a c hin e s  a r e  r u n  in m a ny
ins t a nc e s  a t  3 ,50 0  s ti tc h e s  p e r  mi n u t e .   We h av e
b efo r e  u s  a  single  t h r e a d  Sing e r  m a c hin e  (ap p rop ria t ely
n a m e d  t h e  “Ligh t nin g  S e w e r”) a n d  a  Willcox
m a c hin e ,  m oving  a t  t h e  e no r m o us  r a t e  of 4 ,50 0  s ti tch e s
p e r  min u t e ,  a n d  p ro d ucing  good  wo rk.   Bu t  it is
do u b tful w h e t h e r  s uc h  ve ry g r e a t  veloci ti es  c a n  ev e r
b e  a dva n t a g eo u sly e m ploye d.   U pon  colla r  work,
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a n d  in s e wing  boo t  u p p e r s,  t h e  r a t e  s eldo m  ris e s  a bove
1,20 0  wi th  a dv a n t a g e .   If t h e  m a c hin es  b e  s p e e d e d
too high  in a ny t r a d e ,  t h e  op e r a to r  n eve r  u s e s  t h e
exc es s,  a n d  it only p roves  a  d r a w b a ck.   I s e e n
t h e  h e avies t  a n d  h a r d e s t  kind  of n avy boo t s  s ti tc h e d
a t  1 ,50 0  to  t h e  min u t e  u po n  Sing e r’s lock-s ti t c h
m a c hin e s.   Whe ele r  & Wilson’s No.  1 0  D m a c hin e
h a s  b e e n  r u n  by t h e m,  I a m  infor m e d,  a s  hig h  a s  2,50 0
to  t h e  mi n u t e.   Loop-s ti tc h  m a c hin e s,  w h e n  w ell
m a d e,  c a n  b e  a c t u ally r u n  a s  hig h  a s  6,00 0,  b u t  4 ,50 0
is, I b elieve,  t h e  m axim u m  ye t  u s e d  for  t his  cla s s
of m a c hin e ,  eve n  exp e ri m e n t ally.  The r e  c a n  b e
no  do u b t  t h a t  lock-s ti tc h  m a c hin e s  c a n  b e  r u n  a s  hig h
a s  3,00 0.   The  a c t u al  s p e e d s  of t h e  lock-s ti tch
m a c hin e s  s how n  h e r e  u po n  t h e  po w e r  s t a n d  av e r a g e  1,30 0;
t hos e  of t h e  c h ain  s ti tc h  m a c hin e s  va ry fro m  1,2 0 0
for  t h e  s a ck  s e win g  m a c hin e  to  4,50 0  for  t h e  s m all
o r  single  ch ain  s ti tc h e r s .   Any of t h e  la t e s t  s tyle s
of ei t h e r  lock s ti tc h  o r  single  t h r e a d  m a c hin e s  c a n
b e  r u n  fa r  fas t e r  t h a n  a ny know n  exp e r t  op e r a to r  c a n
pos sibly g uid e  t h e  wo rk  u n d e r  i t.

I t  is ve ry imp rob a ble  t h a t  s uc h  s p e e d s  will eve r  b e
exc e e d e d.   The  limit  h a s  no  do u b t  b e e n  r e a c h e d.  
Very high  s p e e d  is g e n e r ally a  d elu sion,  a n d  ei t h e r
r e s ul t s  in  indiffe r e n t  wo rk,  o r  a c t u ally r e t a r d s  i ts
p ro g r e s s.   So m e  ide a  of t h e  s p e e d  of t h e  single
t h r e a d  m a c hin es  no w  s how n  m ay  b e  g a t h e r e d  fro m  t h e
fac t  t h a t ,  r u n ning  a t  4 , 50 0,  a n d  m a king  eigh t  s ti tc h es
to  t h e  inc h,  t h ey a cco m plish  ove r  fou r t e e n  ya r d s  of
s e win g  eve ry mi n u t e .
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Of s p e ci al m a c hin es  of in t e r e s t ,  a n d  w hich  a r e  too
u n wieldy to  b e  s how n  h e r e ,  I a m  e n a ble d  to  exhibi t
a  few p ho to g r a p h s.

On e  of t h e  m o s t  novel of t h e s e  is t h e  “Twin”
m a c hin e ,  d e sign e d  by t h e  Sin g e r  co m p a ny for  t h e  con n e c tin g
tog e t h e r  of t h e  Jacq u a r d  c a r ds  u s e d  in lace  m a c hin e s.  
The  op e r a tion  w a s  for m e rly p e rfo r m e d  by h a n d.  
I t  is now  do n e  by m a c hin e  a t  less  cos t.   The  c a r d s
a r e  pl ac e d  u po n  a  fee ding  d r u m,  a n d  fed  b e n e a t h  a
p ai r  of n e e dle s.   The  lac es  for ming  t h e  co n n e c tion
b e t w e e n  t h e  c a r d s  a r e  fed  a bove  a n d  b e n e a t h,  in line
wi th  t h e  n e e dle s,  a n d  t h e  w hole  is e a sily s ti t ch e d
tog e t h er.  An ext e n sion  of t h e  s a m e  d evice  is t h e
m ul tiple  m a c hin e,  in w hich  fou r  n e e dle s  a n d  s h u t tl e s
a r e  u s e d,  s e win g  all t h e  fou r  s e a m s  a t  on e  op e r a tion.  
This  m e t ho d  of linking  t h e  c a r d s  is consid e r e d  b e t t e r
t h a n  si mila r  wo rk  do n e  by h a n d.

Of Whe ele r  & Wilson’s n e w  fac to ry, a t  Bridg e po r t ,
a n d  of t h e  Sin g e r  co m p a ny’s g r e a t  n e w  fac to ry
n e a r  Glas gow, I a m  e n a ble d  to  exhibi t  p ho tog r a p hic
views.

Befor e  d r a win g  my r e m a rks  to  a  clos e,  I wo uld  b ri efly
indica t e  t h e  n a t u r e  of t h e  va rious  m a c hin es  s how n
u po n  t h e  po w e r  b e nc hing.   Of t h e  Sing e r  sys t e m,
t h e r e  a r e  four.  A d ro p-feed  oscilla ting  s h u t tl e
m a c hin e  for  m a n ufac t u rin g  p u r pos e s;  a  w h e el-fee d  oscilla ting
s h u t tl e  m a c hin e ,  fu rnis h e d  wi th  a  t ri m m er, u s e d  c hiefly
in s ti tc hing  lea t h e r  a n d  boo t  u p p e r s;  do u ble  c h ain-s ti tc h
m a c hin e ,  u s e d  for  s ack  m a king,  now  s how n  for  t h e  fi rs t
ti m e;  a n d  a  single  t h r e a d  “Ligh t ning  S e w er,”
fit t e d  wi th  a  t ri m m e r  for  hosi e ry wo rk.   Of Wh e ele r
& Wilson’s sys t e m,  t h e r e  is a  d ro p-fee d  m a n ufac t u rin g
m a c hin e  wi th  t h e  n e w  d e t ac h e d  hook a n d  la t e s t  imp rove m e n t s;
a  No. 1 0  m a c hin e  wi th  t h e  u s u al  hook, a  w h e el  fee d
a n d  t ri m m er, a n d  a  s m alle r  m a c hin e  of t h e  s a m e  typ e
wi th  d rop  fee d.   Of Willcox & Gibbs’ sys t e m,
t h e r e  is t h e  o r din a ry  single-t h r e a d  m a c hin e  for  m a n ufac t u rin g,
a  single-t h r e a d  m a c hin e,  wit h  a  t ri m m er, a s  u s e d  in
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t h e  hosie ry t r a d e s ,  a n d  a  m a c hin e  s p e ci ally u s e d  for
s t r a w  h a t  m a king.

We h ave  h e r e  a  s m all Sing e r  m a c hin e,  r i ding  u po n  t h e
e d g e  of two  pi ec e s  of c a r p e t ,  a  c a r p e t  m a c hin e  w eighin g
t e n  po u n d s.   Wh e n  t h e  h a n dle  is t u r n e d,  it  s t i t ch e s
a n d  t r avels  ove r  t h e  e d g e s,  u ni ting  t h e m  fas t e r  a n d
m o r e  s e c u r ely t h a n  six h a n d  s e w e r s;  a n d  s eve r al o t h e r s,
r e p r e s e n t a tive  of t h e  fa mily typ e  of s e wing  m a c hin e ,
b e side s  Whe ele r  & Wilson’s h e m s ti t c h  m a c hin e ,
t h e  wo rking  of w hich  is of m u c h  in t e r e s t .

I would  now  invit e  t hos e  of you  w ho  s e ek  a  b e t t e r
a c q u ain t a n c e  wi th  t hos e  c u rious  a n d  novel m a c hin e s
to  fre ely exa min e  a n d  t e s t  t h e  va rious  typ es  to  b e
foun d  u po n  t h e  po w e r  b e nc hin g  a n d  u po n  s t a n d s.  
On e  o r  t wo  op e r a to r s  will co m e  forw a r d  a n d  s ho w  so m e
of t h e  c a p a bili tie s  of t h e  m a c hin es  u po n  a c t u al  wo rk,
in  w hich  t h e  m a king  of a  s t r a w  h a t  will p e r h a p s  s ho w
w h a t  c a n  b e  do n e  in  a  few min u t e s  by q uick  s p e e d  a n d
exp e r t  fing e r s ;  b u t  t h e s e  p e rfo r m a nc e s  m u s t  no t  b e
r e g a r d e d  in t h e  ligh t  of co m p e ti tive  t e s t s  b e t w e e n
t h e  m a n ufac t u r e r s  s ho win g  t h e m,  a n d  a r e  in t e n d e d  m e r ely
to  s how  t h e  u tili ty of m o tive  pow e r  d riving.
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In  conclusion,  I d e si r e  to  t h a nk  t hos e  g e n tl e m e n  a t
t h e  h e a d  of t h e  lea ding  firm s  of s e win g  m a c hin e  m a n ufac t u r e r s
for  t h e  t ro u ble  t h ey  h ave  t ak e n  to  a r r a n g e  for  you r
ins p ec tion  s p eci m e n s  of t h ei r  exc elle n t  sys t e m s,  a n d
I h ave  m u c h  s a tisfac tion  in exp r e s sing  my obliga tions
to  t h e m  for  r e a dy a s si s t a n c e  in t h e  p r e p a r a tion  of
my  p a p er.

*       *       *       *  
    *

Pow e r  m a c hin e s  a n d  t r e a dle  m a c hin e s  w e r e  exhibi t e d
by M e s s r s.  Willcox & Gibbs,  M e s s r s .  Whe ele r  & Wilson,
a n d  t h e  Sing e r  M a n ufac t u rin g  Co m p a ny.  The  m o tive
pow e r  w a s  p rovide d  by a n  el ec t ric al m o tor, s u p plied
by Mr. Mo ri tz  Im mis h.   The  H ow e  M a c hin e  Co m p a ny
exhibi t e d  a  m o d el of t h e  fi r s t  m a c hin e  m a d e  by Elia s
H ow e,  a n d  also  on e  of t h e  m os t  r e c e n t  H o w e  m a c hin e s.  
Mr. N e w ton  Wilson  s how e d  a  m o d el of t h e  S ain t  s e wing
m a c hin e s,  cons t r uc t e d  fro m  Tho m a s  S ain t’s p a t e n t
s p ecifica tion,  1 7 9 0,  a n d  Mr. Ca rve r  s how e d  t h e  S t a n d a r d
s e win g  m a c hin e .

*       *       *       *  
    *

THE NEW KRUPP GUNS.

N ot hin g  is b eing  t alke d  a bo u t  a t  p r e s e n t  in Ger m a ny
b u t  t h e  g u n s  of g r e a t  c alibe r  t h a t  a r e  m a n ufac t u rin g
a t  t h e  c ele b r a t e d  works  on  t h e  b a nks  of t h e  Ruhr. 
As ou r  n eigh bo r s  a p p e a r  to  b e  el a t e d  ove r  t his  won d e rful
wo rk,  it is exp e die n t  to  exa min e  t h e  s u bjec t,  in  o r d e r
to  s e e  w h e t h e r  t h ei r  a p pla u s e  is legi tim a t e .

We h ave  know n  for  a  long  ti m e  t h a t  t h e  a r tille ry m a t eriel
d evot e d  to  t h e  d ef ens e  of t h e  Ger m a n  co a s t s  consis t s
of a  long,  s t a tion a ry 5 3/4  inch  g u n;  of long  7 3/4

69



inch  hoop e d  s t e el g u ns,  close d  by a  cylind rico-p ri s m a tic
w e d g e;  of a n  8  inch  m o r t a r ;  a n d  of g u n s  of 1 1 3/4  a n d
1 5  inch  c aliber.  The  1 1 3/4  inc h  g u n  is 2 2  fee t
in  len g t h,  a n d,  including  t h e  closing  m e c h a nis m,  w eig hs
7 9,20 0  po u n d s.   As r e g a r d s  t h e  p rojec tiles  t h a t
t his  w e a po n  t h row s,  t h e  ordinary  s h ell is 3 3
inch es  in  len g t h ,  a n d  w eig hs,  all ch a r g e d,  6 5 6  po u n d s,
a n d  t h e  e x ploding  s h ell, of t h e  s a m e  len g t h,
w eig hs,  all c h a r g e d,  1 , 16 0  pou n d s.   The  ini tial
veloci ty of t h e  la t t e r  is 1 , 60 0  fee t  wi th  a  m axim u m
c h a r g e  of 1 4 8  po u n d s  of pow d er.

The  1 5  inc h  g u n  is 3 2.8  fee t  in leng t h,  a n d  w eighs
1 5 8,4 00  po u n d s.   I t s  p rojec tiles  a r e  3.67  fee t
in  len g t h.   The  ordinary  s h ell, c h a r g e  includ e d,
w eig hs  1,40 0  po u n d s,  a n d  t h e  exploding  s h ell, u n d e r
t h e  s a m e  ci rc u m s t a n c e s ,  1 ,7 00  po u n d s,  t h a t  is,  m o r e
t h a n  t h r e e  q u a r t e r s  of a  m e t ric  ton.   The  ini ti al
veloci ty of t his  las t  n a m e d  p rojec tile  is 1 ,6 50  fee t
wi th  a  m axi m u m  c h a r g e  of 1 ,65 0  pou n d s  of pow d er. 
We al so  know  t h a t  Mr. Kru p p  h a s  t wo  m o d els  of g u n s
of 1 3 1/2  inch  c aliber, a n d  of a  leng t h  e q u al  to  3 5
ti m es  t h e  c aliber, s ay 3 9-5/12  fee t.   The  ligh t e r
of t h e s e  m o d els  (which  w a s  s how n  a t  Anve r s) w eig hs
no  less  t h a n  2 6 4,0 00  po u n d s,  c a r ri a g e  no t  includ e d.  
I t s  cylind rico  p ris m a tic  closing  m e c h a nis m  (R u n d k eilversc hlu ss )
alon e  w eigh s  8 2,50 0  po u n d s.   This  is t h e  w eig h t
of a  5 3/4  inc h  hoop e d  s t e el  g u n!

[Illus t r a tion:  FIG. 1.—N EW 5 2  FOOT
KRUPP GU N  AND A GERMAN FIELD PIECE FIGURED O N  THE
SAME SCALE.]
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We now  lea r n  t h a t  t h e  Es s e n  wo rks  h ave  jus t  b e g u n
t h e  m a n ufac t u r e  of a  3 1 4,60 0  po u n d  g u n.   This
pi ec e ,  c alled  “40  c m.  k a no n e  L/40,” will,
of cou r s e ,  b e  of 1 5.6  inch  c aliber, b u t  it  will diffe r
fro m  t h e  on e  a bove  d e sc rib e d  in t h a t  it s  len g t h  will
b e  e q u al  to  4 0  ti m es  t h e  c aliber, s ay  5 2  fee t ,  o r
to  t h e  s p a c e  occ u pie d  on  t h e  m a n e uve ring  g ro u n d  by
a  field  pi ec e  d r a w n  by six ho r s e s  (Fig. 1).   This
g u n  will b e  p rovide d  wi th  t wo  kinds  of p rojec tiles.  
On e  of t h e s e,  c alle d  ligh t , will b e  3 1/2  fee t
in  len g t h,  w eig h  1,6 28  po u n d s,  a n d  b e  c a p a ble  of t aking
a n  ini ti al veloci ty of 2 ,41 0  fee t  a n d  of pie r cing,
on  it s  exi t  fro m  t h e  c h a m b er, ei t h e r  a  h a m m e r e d  iron
pla t e  3 3/4  fee t  in  t hickn e s s  o r  t wo  u ni t e d  pl a t e s
1 3/4  a n d  2 3/4  fee t  in t hickn e s s.

The  s h ell c alled  h eavy  will b e  5 3/4  fee t  in
len g t h,  a n d  w eig h  2,3 10  po u n d s,  s ay  m o r e  t h a n  a  4 3/4
inch  si eg e  pi ec e!   The  ch a r g e  e m ploye d  will b e
1,06 7  po u n d s  of b ro w n,  p ris m a tic  Dun w ald  po w d er. 
Ten h u n d r e d  a n d  sixty-s eve n  po u n d s—n e a rly
h alf a  m e t ric  ton,  m o r e  t h a n  t h e  w eigh t  of a  field
piec e  wi thou t  i t s  c a r ri a g e!   With  t his  e no r m o u s
c h a r g e ,  t h e  h e avy s h ell will b e  c a p a ble  of a n  ini ti al
veloci ty of 2 ,10 0  fee t  a n d  of pi e r cing,  on  it s  exi t
fro m  t h e  c h a m b er, ei t h e r  a  h a m m e r e d  iron  pl a t e  4  fee t
in  t hickn e s s  o r  t wo  u ni t e d  pl a t e s  2  a n d  2.8 8  fee t
in  t hickn e s s .

The  Colog n e  Gaz e t t e , fro m  w hich  w e  bo r row  m o s t
of t h e  d a t a  jus t  p r e s e n t e d,  a d d s  t h a t  t h e  “40
L/40” pi ec e  will b e  t h e  la r g e s t  c a n no n  in t h e
wo rld,  b u t  t h a t  it  will no t  long  e njoy t h e  p rivileg e
of s uc h  p r e-e min e nc e.   I t  a p p e a r s ,  in fac t ,  t h a t
Mr. Krup p  is p r e p a ring  to  m a n ufac t u r e  a  g u n  of 1 7 1/2
inch  c aliber, w eig hin g  3 3 0,0 0 0  po u n d s.   The  p rojec tile
for  t his  m o n s t e r  will b e  6  fee t  in len g t h,  s ay t h e
s t a t u r e  of a  full g ro w n  m a n,  a n d  will w eig h  no  less
t h a n  a  ton  a n d  a  h alf.  A m a n  of m e diu m  s t a t u r e
will m e a s u r e  a  li t tl e  less  t h a n  t his  p rojec tile  (Fig.
2).
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It  is pos sible  t h a t  all t h e s e  figu r e s  h ave  b e e n  sligh tly
exa g g e r a t e d  by t h e  ul t r a-Vosges  jou r n als,  w ho  do u b tl es s
in t e n d  to  m a k e  a n  imp r e s sion  u po n  u s;  b u t  w e  s h all
no t  d w ell u po n  t h a t  poin t .

As r e g a r d s  t h e  p e n e t r a tin g  pow e r  of t h e  la rg e  “40
L/40” g u n,  t h e  Ge r m a n  p r e s s  obs e rves  t h a t  in
1 8 6 8  a r tille ry w as  inc a p a ble  of pi e r cing  in  on e-h u n d r e d t h s
of a n  inch  w h a t  i t is now  pie r cin g  in t e n t h s  of a n
inch.   The  p rinciple  w a s  for m e rly a d mi t t e d,  it
s ays,  t h a t  a  s h ell s ho uld  by  rig h t  h ave  a  t hickn e s s
e q u al  to  it s  c aliber.  Now, “th e  la rg e s t
c a n no n  in t h e  wo rld” p e rfo r a t e s  a  pl a t e  w hos e
t hickn es s  is t h r e e  tim e s  t h e  di a m e t e r  of t h e  g u n’s
bo r e .   Wh a t  g r e a t  p ro g r e s s!  exclai m t h e  Ge r m a n
jou r n als, a n d  how  jealous  t h e  F r e n c h  a n d  E n glish  a r e
going  to  b e!   Jealous  of t h a t?   Why, ind e e d?  
We a r e  no t  t h e  lea s t  in t h e  wo rld  so.   H ow  could
w e  b e?   In  t h e  fir s t  pl ac e,  w e  h ave  a  g u n  of ve ry
g r e a t  c alibe r—a  1 3 1/4  inch  s t e el co as t  a n d
sie g e  pi ec e.   This  w eig hs  3 7  tons ,  a n d  is 3 6 3/4
fee t  in len g t h .   I t s  p rojec tile  w eigh s  fro m  9 2 4
to  1,3 20  po u n d s,  a cco r ding  to  it s  int e r n al  o r g a niza tion.  
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Its  conoid  h e a d  is ve ry elon g a t e d,  a n d  by r e a so n  of
t his  el e g a n t  for m  it a lw ays  falls  u po n  it s  poin t ,
eve n  a t  falling  a n gle s  of a n  a m pli tud e  a p p ro ac hing
6 0  d e g r e e s.   The  ch a r g e  u s e d  va rie s  fro m  3 9 6  to
4 4 0  po u n d s,  a cco r ding  to  t h e  n a t u r e  of t h e  pow d er. 
As for  t h e  b allis tic  p ro p e r ti e s  of t h e  pi ec e ,  t h ey
a r e  ve ry r e m a r k a ble.   It s  p rojec tile  h a s  a n  ini tial
veloci ty of 2 ,13 2  fee t,  a n d  t h e  m axim u m  r a n g e  is fro m
1 0  to  1 1  mile s,  s ay t h e  dis t a nc e  fro m  Pa ris  to  Mo n t g e ro n
by t h e  Pa ris-Lyons-M e di t e r r a n e a n  r ail ro a d,  o r  fro m
Pa ris  to  Vers ailles.   Fin ally, t h e  a c c u r a cy of
t his  g u n  is m u c h  g r e a t e r  t h a n  t h a t  of t h e  9 1/2  inch
s t e el  on e .   Now, t h e  a c c u r a cy of t hi s  la t t e r  is
s uc h  t h a t  it  is impossible  for  its  p rojec tiles  to
miss  a  s hip  u n d e r  w ay, a n d  t h a t  w e  a r e  s u r e  of pl aying
wi th  it  a g ain s t  t h e  e n e my t h a t  g a m e  w hos e  d evice  is
“We win  a t  eve ry s ho t!” Well, w e  do  no t
h e si t a t e  to  s ay t h a t  t h e s e  r e s ul t s  a p p e a r  to  u s  to
b e  s a tisfac to ry—w e  m e a n  q ui t e  s ufficien t—a n d
t h a t  t h e r e  is no  n e e d  of looking  for  a  b e t t e r  g u n.  
If t h e r e  w e r e ,  F r e n c h  indus t ry would  b e  c a p a ble  of
p ro d ucing  w e a po n s  of a ny c alibe r  d e si r e d.   As r e g a r d s
t his,  t h e r e  is, so  to  s p e a k,  no  limi t;  m o r eover, t aking
into  a cco u n t  m e r ely t h e  t e r r e s t ri al con di tions  of
t h e  p ro ble m,  w e  m ay  b e  s a tisfied  t h a t  t h e  g r e a t  works
of ou r  cou n t ry a r e  m o r e  pow e rfully e q uipp e d  t h a n  t hos e
of Ess e n ,  a n d  cons e q u e n tly b e t t e r  a bl e  to  forg e  la rg e
piec e s  of s t e el.

Mr. Krup p,  it  is s aid,  is ve ry p ro u d  of his  two  pow e r
h a m m e r s ,  w hic h  h e  h a s  n a m e d  M ax a n d  F ri tz.  Bu t,
on  t h e  w hole,  t h e s e  two  a p p a r a t u s  a r e  only fifty ton
on e s,  a n d  h av e  a  fall of b u t  t e n  fee t.   N ow, Cr e uso t
a n d  S t .  Ch a m o n d  e a c h  h a s  a  h u n d r e d  ton  s t e a m  h a m m e r
wi th  a  fall of 1 6  fee t ,  a cco m p a nie d  wi th  fou r  fu r n a c e s
a n d  fou r  c r a n e s .

[Illus t r a tion:  FIG. 2.—3,30 0  POU ND
PROJECTILE OF A KRUPP GU N  IN COURSE OF MANUFACTURE.]

But  w hy p roc e e d  to  t h e  m a n ufac t u r e  of m o n s t ro us  g u n s,
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like  t hos e  t h a t  Mr. Krup p  h a s  jus t  p ro d uc e d,  o r  m e di t a t e s
p ro d ucing  in t h e  fu tu r e ;  g u n s  of s uc h  a  c alibe r  c a n
b e  u s e d  only in  s p eci al c a s e s—in b a t t e ry
on  t h e  coa s t  o r  on  bo a r d  of a  s hip.   I t  is no t
wi th  m a t eriel  of t his  kind  t h a t  w a r  is w a g e d;
it  is wi t h  field  pi ec es .   Ou r  ul t r a-Vosges  n eig h bo r s
w ell know t his.

On e  of t h e  r e a so ns  t h a t  t h e  w a r  t h a t  ve ry r ec e n tly
t h r e a t e n e d  u s  did  no t  b r e ak  ou t ,  w a s  b ec a u s e  t h e  Ge r m a n s
could  no t  fail to  s e e  t h a t  t h ei r  field  m a t eriel
w a s  no t  a s  pow e rful a s  ou r s;  t h a t  t h e  s h ell of ou r
3 1/2  inch  g u n  w eighs  1 7 1/2  po u n d s,  w hile  t h a t  of t h ei r
h e avy 3 1/2  inc h  g u n  do es  no t  w eig h  1 5.   Now, t his
diffe r e nc e  h a s  it s  value .

H u n t e r s  w ell know  w h a t  impo r t a n c e  it is n e c e s s a ry
to  a t t a c h  to  t h e  n u m b e r  of t h e  b all t h a t  t h ey  u s e .

This  g r a n t e d,  i t is w ell to  obs e rve  t h a t  t h e  n e t  cos t
of t h e  “40  c m.  k a non e  L/40” m u s t  no t  b e
les s  t h a n  $ 3 0 0,00 0  o r  $ 4 0 0,0 00.   N ow, on  t h e  in t e r e s t
of s uc h  a  s u m  w e  could  h ave  fro m  t e n  to  fift e e n  co m ple t e
b a t t e ri e s,  t h a t  is to  s ay, co m p rising,  in a d di tion
to  t h e  sixty o r  eig h ty g u n s,  all t h e  n e c e s s a ry  a c c e s so rie s,
s uc h  a s  c a r ri a g e s ,  lim b e r s ,  c ais sons,  h a r n e s s,  e t c .
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F r a nkly, b e t w e e n  t h e  t wo  a c q uisi tions,  t h e r e  is no
h e si t a tion  possible.

Fin ally, if w e  m u s t  s ay  so,  w e  do  no t  t hink  t h a t  for eig n
pow e r s ,  w h e n  t h ey b elieve  it  t h ei r  d u ty to  p rovide
t h e m s elves  wi t h  m a t eriel  of g r e a t  c aliber,
will t hink  of s u p plying  t h e m s elves  fro m  t h e  Ess e n  wo rks,
on  a cco u n t  of t h e  m e m o r a ble  a ccid e n t s  d u e  to  t h e  imp e rfec tion
of g u n s  co ming  fro m  t his  c el e b r a t e d  e s t a blish m e n t.  
The  lis t  of b u r s tin gs  t h a t  h av e  occ u r r e d ,  no t  only
in Ge r m a ny, b u t  also  in Rus si a,  Boh e mi a,  I t aly, Tu rk ey,
a n d  Rou m a nia,  is al r e a dy a  long  on e.   To s p e ak
h e r e  only of w h a t  occ u r r e d  in F r a n c e  in  1 8 7 0-7 1,  it
is c e r t ain  t h a t  ou t  of s eve n ty Ger m a n  g u n s  of la r g e
c alibe r  in  b a t t e ry  a g ain s t  t h e  sou t h w e s t  fron t  of t h e
w all of Pa ris,  t hi r ty-six—s ay m o r e  t h a n
h alf—w e r e  p u t  ou t  of s e rvice  d u rin g  t h e
fir s t  fifte e n  d ays  of t h e  bo m b a r d m e n t,  a n d  t h a t  too
t h ro u g h  firing  m e r ely; a n d  it w a s  t h e  opinion  of Mr.
De  Moltke  him s elf t h a t  t h e  Ge r m a n  sie g e  b a t t e r ie s
wo uld  h ave  b e e n  r e d uc e d  to  silenc e,  h a d  t h e  d ef en d e r s
b e e n  a ble  to  hold  ou t  for  a  w e ek  long er.  I t  is
e q u ally c e r t ain  t h a t ,  d u rin g  t h e  cou r s e  of t h e  Loir e
c a m p aig n,  eig h ty g u n s  of P rinc e  F r e d e rick  Ch a rle s’
w e r e  p u t  ou t  of s e rvice  by  t h e  sole  fac t  of t h ei r
firing.   S u m min g  u p  t h e  his to ry of t h e s e  m a ny
a c cide n t s ,  t h e  Duke  of Ca m b rid g e  a s s e r t e d  to  t h e  H o us e
of Lords  (April 3 0,  1 8 7 6) t h a t  t w o  h u n dr e d
Krup p  g u n s  b u r s t  d u rin g  t h e  F r a nco-Ge r m a n  w ar. 
H ave  t h e  e n gin e e r s  of t h e  Ess e n  wo rks  im p rove d  t h ei r
p roc e s s e s  of m a n ufac t u r e  sinc e  t h a t  e poc h?   I t
is p e r missible  to  do u b t  it, s e eing  t h a t ,  ve ry r ec e n tly,
t h e  It alia n  n avy r efu s e d  to  t a k e  fro m  Mr. Kru p p  so m e
1 5 1/2  inch  g u n s  w hos e  t u b e s  w e r e  b u t  ve ry imp e rfec tly
w eld e d.

M u s t  t h e  n u m e ro us  a ccid e n t s  m e n tion e d  b e  a t t r ib u t e d
to  d ef ec t s  in t h e  m e t al  e m ployed?  Wer e  t h ey d u e
to  d efec tive  hoopin g?  Wer e  t h ey d u e  to  so m e  on e
of t h e  n u m e ro u s  inconve nie nc e s  inh e r e n t  to  t h e  cylind rico-p ris m a tic
sys t e m  of closing  (R u n d k eilversc hlu ss )?
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They w e r e  do u b tle s s  owing  to  s uc h  c a u s e s  co m bin e d.—La
N a t ur e .

*       *       *       *  
    *

COLORS OF THIN PLATES.

The  Righ t  H o n.  Lord  Rayleigh  la t ely d elive r e d  a  lec t u r e
a t  t h e  Royal Ins ti t u tion  u po n  “The  Colors  of
Thin  Pla t e s,” a  t e r m  w hic h  h e  explaine d  w a s
a p plied  to  t hin  films  of s u b s t a n c e s,  s uc h  a s  oily films
on  t h e  s u rf ac e  of w a t e r  o r  t h e  e q u ally fa milia r  so a p
b u b ble.   Althou g h  t h e  r eflec tion  of colo r s  fro m
t h e  s u rfac e  of a  so a p  b u b ble  is p ro b a bly t h e  m o s t  no tice a ble,
ye t  t h e  “pla t e”  w hich  len ds  its elf m o s t
r e a dily for  exp e ri m e n t  is a  film of ai r  confine d  b e t w e e n
t wo s h e e t s  of gl a s s.   If a  r ay  of w hi t e  ligh t  b e
r eflec t e d  fro m  t h e  s u rf ac e  of t h e  film u po n  a  sc r e e n ,
t h e  so-c alled  N e w ton’s ri ng s,  a  s e rie s  of colo r e d
conc e n t ric  r in gs,  a r e  ob t ain e d.   If, ins t e a d  of
r eflec t e d  ligh t ,  t h e  r ay  of ligh t  t r a n s mi t t e d  t h ro u g h
t h e  film of ai r  b e  allow e d  to  fall u po n  t h e  sc r e e n,
t h e  s a m e  p h e no m e no n  is obs e rva ble,  b u t  t h e  effec t
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is ve ry conside r a bly mi nimize d,  owing  to  t h e  g r e a t
p r e po n d e r a n c e  of w hi t e  ligh t ,  w hich  ove rlie s  a s  it
w e r e  t h e  colo r e d  rin gs.   Eve n  in t h e  fi r s t  ins t a n c e,
a s  t h e  lec t u r e r  w a s  a bl e  to  s how  la t e r  on,  t h e  colo r s
a r e  no t  n e a rly so  in t e ns e  a s  t h ey m ay  b e  ob t ain e d,
owing  to  so m e  w hi t e  ligh t  b eing  r eflec t e d  fro m  t h e
s u rfac e s  of t h e  t wo  s h e e t s  of gl a s s.   With  r e g a r d
to  t h e  a p p e a r a n c e  of t h e  p h e no m e no n,  it  is obs e rve d
t h a t  t h e  p a r t  w hich  co r r e s po n d s  to  t h e  t hinn e s t  p a r t
of t h e  film is consid e r a bly d a rk e r  t h a n  t h e  r e s t  of
t h e  s p e c t r u m;  a ro u n d  t his  is a  b rig h t  r i ng  of w hi t e ,
s ucc e e d e d  by cons t a n tly inc r e a sing  conc e n t ric  r in gs
of diffe r e n t  colo r s  a p p a r e n tly r e p e a t ing  t h e m s elves.  
Lord  Rayleigh  al so  ob t ain e d  t h e  s a m e  r e s ul t s  wi t h
a  film of a  solu tion  of so a p  a n d  glyce rine ,  b u t  in
t his  c a s e  t h e  d a rk  po r tion  w as  obs e rve d  a t  t h e  top
of t h e  s p e c t r u m,  t h e  o t h e r  colo r s  a r r a n gin g  t h e m s elves
in o r d e r  in  t h e  soa p  film t hin n e d  by t h e  force  of
g r avit a tion,  t h us  s howing  t h a t  t h e  colo r s  va ry a cco r ding
to  t h e  t hickn e ss  of t h e  film.  Anot h e r  for m  of
t h e  exp e ri m e n t  c alled  for t h  a  consid e r a ble  a m o u n t
of a p pla u s e  fro m  t h e  a u die nc e .   Lord  R ayleigh  c a us e d
a  g e n tl e  s t r e a m  of ai r  to  pl ay obliqu ely u po n  a  so a p
film, so  t h a t  t h e  p a r t  s t r u ck  w a s  m ove d  forw a r d  a n d
t h e  w hole  film ro t a t e d .   The n  wi th  t h e  al t e r a tion
of t h e  forc e  of t h e  cu r r e n t  of air, w hich  of cou r s e
r e g ul a t e d  t h e  ce n t rifug al  forc e,  al t e r n a tin g  t hickn e s s e s
of film w e r e  ob t ain e d,  c a using  a  va rying  di spl ay of
b e a u tiful colo r s  a n d  co m bin a tions  of colo r s .  
This  las t  exp e rim e n t  al so  t e n d e d  to  p rove  t h a t  t h e
b a n d s  of colo r  a r e  no t  a r r a n g e d  in a  c e r t ain  o r d er,
b u t  va ry a cco r din g  to  t h e  t hickn e s s  of t h e  film, a
conclusion  a r rived  a t  by  Bre ws t er, w ho  obs e rve d  t h a t
if a  film r eflec ting  c e r t ain  colo r s  b e  c a r efully inve r t e d
so  a s  no t  to  dis t u r b  t h e  g r avity, t h e  colo r s  r eflec t e d
a r e  al so  inve r t e d .   Lord  R ayleigh  explain e d  t h e
p h e no m e no n  by r ef e r rin g  to  Young’s w ave  t h eo ry
of ligh t .   H e  r e g a r d e d  t h e  film a s  h aving  t wo
s u rfac e s  fro m  w hich  ligh t  is r eflec t e d,  a n  a n t e rio r
ex t e rio r  s u rf ac e  a n d  a  pos t e rio r  in t e rio r  s u rf ac e .  
If a  r ay  of ligh t  b e  t h row n  u po n  t h e  film, a  p a r t
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of t h e  ligh t  is r eflec t e d  fro m  t h e  fir s t  s u rf ac e ,
b u t  t h e  g r e a t e r  p a r t  is t r a n s mi t t e d,  a n d  so m e  of t hi s
is r eflec t e d  fro m  t h e  s e con d  s u rfac e,  p a s s e s  b a ck
t h ro u g h  t h e  film, a n d  is co m bin e d  wi th  t h e  ligh t  r eflec t e d
fro m  t h e  fir s t  s u rfac e.   If t h e n  t h e  ligh t  r eflec t e d
fro m  t h e  s econ d  s u rfac e  b e  in t h e  s a m e  s t a t e  of vib r a tion
a s  t h a t  r eflec t e d  fro m  t h e  fir s t  s u rf ac e,  t h e  effec t
of t h ei r  co m bin a tion  will b e  to  inc r e a s e  t h e  a m o u n t
of ligh t  r eflec t e d  fro m  t h e  fir s t  s u rf ac e,  b u t  if o t h e r wis e,
t h e  effec t  will b e  a  p a r ti al  n e u t r aliza tion  of t h e
ligh t  r eflec t e d  fro m  t h e  fir s t  s u rfac e.   Tha t
is to  s ay, if t h e  r e t a r d a tion  of t h e  ligh t  w hich  is
r eflec t e d  fro m  t h e  s e co n d  s u rfac e,  owing  to  its  t wice
t r av e r sing  t h e  t hickn e ss  of t h e  film, b e  e q uivale n t
to  a  w ave  len g t h  of t h e  vib r a tion  of t h e  ligh t,  it
will inc r e a s e  t h e  in t e n si ty of t h e  ligh t  r eflec t e d
fro m  t h e  fir s t  s u rfac e.   If, ho w ever, t h e  r e t a r d a tion
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b e  only e q uivale n t  to  h alf a  w ave  leng t h,  t h e  in t e n si ty
of t h e  ligh t  will b e  d ec r e a s e d.   Thus,  t h e n ,  wi th
a  r ay  of m o noc h ro m a tic  ligh t  it  will b e  s e e n  t h a t  t h e
effec t  of diffe r e nc e  in t h e  t hickn e s s  of t h e  film
will b e  to  al t e r  t h e  in t e n si ty of t h e  r eflec t e d  r ay,
b u t  wi th  a  w hi t e  ligh t  co m pos e d  of s eve r al  colo r s  t h e
r e s ul t  will b e  m o r e  co m plica t e d.   As e a c h  colo r
h a s  a  diffe r e n t  w ave  len g t h  in  vib r a tion,  it will
b e  s e e n  t h a t  e a c h  colo r  will a c t  ind e p e n d e n tly of t h e
o th e r s ,  a n d  a  c e r t ain  t hickn e s s  of film w hich,  u po n
t h e  co m bin a tion  of t h e  t wo  r eflec t e d  r ays,  will c a u s e
on e  p a r ticula r  colo r  to  b e  in t e n sified,  will a t  t h e
s a m e  ti m e  c a u s e  t h e  o th e r  colo r s  to  b e  m o r e  o r  les s
obsc u r e d .

Thus  a s  t h e  t hickn e s s  of t h e  film is al t e r e d  diffe r e n t
colo r s  p r e po n d e r a t e ,  c a u sing  t h e  a p p e a r a n c e  of r i ngs
o r  b a n d s,  a cco r din g  to  t h e  n a t u r e  of t h e  exp e ri m e n t .  
The  d a rk  a p p e a r a n c e  on  t h e  sc r e e n  co r r e s po n ding  to
t h e  t hinn e s t  p a r t  of t h e  film is p ro b a bly d u e  to  r ef r a c tion
of t h e  r ay  of ligh t  r eflec t e d  fro m  t h e  s eco n d  s u rfac e ,
con s e q u e n t  in i ts  p a s sing  fro m  a  r a r e  in to  a  d e n s e r
m e diu m,  a n d  a g ain  fro m  t h e  d e n s e r  m e diu m  in to  t h e  r a r e ,
w hich  r ef r ac tion  Lord  Rayleigh  consid e r s  to  effec t
a  r e t a r d a tion  e q uivale n t  to  h alf a  w ave  len g t h .  
Lord  Rayleigh  s u p po r t e d  t his  t h eo ry of t h e  for m a tion
of N e w to n’s ri n gs  by  s eve r al  in t e r e s ting  exp e ri m e n t s .  
A b e a m  of ligh t  w a s  in t e r c e p t e d  by  t wo  of Nicol’s
p ris m s,  on e  of w hich  a c t e d  a s  a  pola rize r  a n d  t h e
o th e r  a s  a n  a n alyze r  of t h e  ligh t,  so  t h a t  no  ligh t
w a s  a ble  to  p a s s  t h ro u g h  bo t h  on  to  t h e  sc r e e n .  
Be t w e e n  t h e  two  p ris ms  a  do u ble  r ef r ac tive  lens  w a s
now  pl ac e d,  in  t his  c a s e  a  do u ble  co nc ave  lens  of s ele ni t e ,
w h e n  t h e  s a m e  s e ri e s  of conc e n t ric  r in gs  obs e rve d
wi th  t h e  film of ai r  w a s  ob t ain e d  on  t h e  sc r e e n ,  only
m u c h  m o r e  in t e n s e ,  w hile  a  w e d g e  of s el e ni t e  g ave
t h e  b a n d s  of colo r  in t h e  s a m e  o r d e r  a s  wit h  t h e  so a p
b u b ble.

But  p e r h a p s  t h e  m os t  s t r iking  p roof of t h e  d e p e n d e nc e
of t h e  colo r s  u po n  t h e  t hickn e ss  of t h e  film w a s  s how n
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by t h e  r eflec tion  of a  b e a m  of ligh t  fro m  a  pi ec e
of mic a  co m pos e d  of t w e n ty-fou r  ve ry a t t e n u a t e d  pl a t e s
ove rl a p ping  e ac h  o th er.  With  e a c h  laye r  a  m a r k e d
g r a d a tion  in colo r  w a s  visible.

The  r e m ain d e r  of t h e  lec tu r e  w a s  d evo te d  to  a n  expla n a tion
of t h e  d e t e r min a tion  of t h e  c h ro m a tic  r el a tions  of
t h e  colo r s  of t h e  s p ec t r u m.   Lord  Rayleigh  a t
t his  poin t  m a d e  a  r a t h e r  s t a r tling  s t a t e m e n t  t h a t  a ny
colo r  c a n  b e  p rod uc e d  by t wo  ot h e r  colo r s.   As
a n  ex a m ple  of s uc h  a  for m a tion,  a  r ay  of w hi t e  ligh t
w a s  p a s s e d  s e p a r a t ely t h ro u g h  a  solu tion  of yellow
c h ro m a t e  of po t a s h  a n d  a n  alkalin e  litm us  solu tion,
t h rowing  r e s p e c tively a  yellow a n d  viole t-blu e  colo r
u po n  t h e  sc r e e n.   Wh e n  t h e  r ay  w a s  m a d e  to  p a s s
t h ro u g h  t h e  t wo  solu tions  s ucc e s sively, a n  o r a n g e-yellow
color  w a s  ob t ain e d  u po n  t h e  sc r e e n,  w hich  colo r  Lord
R ayleigh  a s s e r t e d  to  b e  m a d e  u p  of r e d  a n d  g r e e n  r ays.  
To p rove  t hi s, t h e  r ay  of w hi t e  ligh t  w a s  d eco m pos e d
by m e a n s  of a  p ri s m,  a n d  t h e  d e co m pos e d  r ays  p a s s e d
t h ro u g h  t h e  t wo  solu tions.   The  on e  solu tion  w a s
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foun d  to  exclud e  all t h e  yellow a n d  o r a n g e  r ays  fro m
t h e  s p e c t r u m,  w hile  t h e  o th e r  exclud e d  all t h e  blu e
a n d  viole t  r ays,  so  t h a t  w h e n  t h e  r ay  h a d  p a s s e d  t h rou g h
bo t h  solu tions,  only t h e  r e d  a n d  g r e e n  r ays  w e r e  left.  
If, ins t e a d  of allowing  t h e  d e co m pos e d  r ay  of ligh t
to  p a s s  t h ro u g h  a  sli t,  a n d  t h u s  ob t ain  d efini t e  b a n d s
in t h e  s p ec t r u m,  t h e  r ay  w a s  p a s s e d  t h ro u g h  a  ci rcul a r
hole,  t h e  r e d  a n d  g r e e n  colo r s  ove rl ap p e d  e ac h  o th e r
on  t h e  sc r e e n ,  for min g  by t h ei r  co m bin a tion  t h e  ide n tic al
o r a n g e-yellow colo r  ob t ain e d  wi th  t h e  p ri m a ry  w hi t e
ligh t .   I t  w a s  t h e n  s t a t e d  t h a t  if t h r e e  d efini t e
posi tions  b e  t ak e n  in a  s p ec t r u m  in t h e  r e d ,  g r e e n ,
a n d  viole t  b a n d s  r e s p ec tively, a n d  t h e s e  posi tions
b e  r e p r e s e n t e d  by  t h e  co r n e r s  of a n  e q uila t e r al t r i an gle
(Cle rk  M axw ell’s t ri a n gle), i t h a s  b e e n  m a t h e m a tic ally
d e t e r min e d  in w h a t  posi tion  wi t hin  t hi s  t r i an gle  t h e
colo r s  of N e w to n’s rin gs  wo uld  fall.  Lord
R ayleigh,  by  m e a n s  of a  di ag r a m  a n d  t h e  s el e ni t e  w e d g e,
s how e d  t h a t  t h e  r el a tions  to  t h e  t h r e e  s t a n d a r d  colo r s
in p r a c tice  w e r e  ide n tical wi th  t h e  posi tion  a s sign e d
t h e m  by t h eo ry.

In  conclusion,  t h e  lec t u r e r  s how e d  a  pi ec e  of gl a s s ,
t h e  s u rfac e  of w hich  h a d  b e e n  d eco m pos e d,  a  r ay  of
ligh t  t r a n s mi t t e d  t h ro u g h  w hic h  s how e d  u po n  t h e  sc r e e n
p a t c h e s  of ve ry p u r e  color.  The s e  h e  conside r e d
to  b e  d u e  to  t h e  gl a s s  consis ting  of a  n u m b e r  of t hin
pla t e s ,  so m e  of w hic h  h a d  b e e n  r e move d  by t h e  d e co m posi tion.

*       *       *       *  
    *

BELT JOINTS.

F ro m  ti m e  to  t im e,  s e rious  a ccid e n t s  h ave  t ak e n  plac e ,
a n d  t h e  p ro g r e s s  of work  s top p e d,  by t h e  s u d d e n  s n a p ping
of d riving  b el t s  in m a c hin e ry, a n d,  a s  a  g e n e r al  r ul e ,
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it  is foun d  t h a t  t h e  collaps e  is a t t r ibu t a ble  ei t h e r
to  faul ty lea t h e r  o r  ins ec u r e  joining.   A g r e a t
imp rove m e n t  of t h e  le a t h e r  in t e n d e d  for  b el t s  h a s
b e e n  b ro u g h t  a bo u t  d u ring  t h e  las t  few yea r s,  by t h e
in t rod u c tion  of imp rove d  p roc e ss e s  for  c u r rying  a n d
t h e  s u bs e q u e n t  t r e a t m e n t .   Pa t e r so n  h a s  wo rk e d
s ucc e s sfully a  p a t e n t  for  r e n d e rin g  b el t  le a t h e r  m o r e
pliable,  a n d  les s e nin g  t h e  t e n d e n cy to  s t r e t c h.  
U n d e r  t his  t r e a t m e n t  t h e  lea t h e r  is ei t h e r  c u r ri ed
o r  ro u g h  d ri e d,  a n d  t h e n  so ak e d  in a  solu tion  of wood,
r e sin,  a n d  g u m  t h u s,  o r  fr a nkinc e n s e ,  fi r s t  m el t e d
tog e t h er, a n d  t h e n  di ssolved, by t h e  a p plica tion  of
h e a t ,  in boiled  o r  lins e e d  oil.  The  le a t h er,
af t e r  t his  p roc e ss ,  is so ak e d  in p e t role u m  o r  c a r bo n
bis ulphid e  con t aining  a  lit tl e  India-r u b b e r  solu tion,
a n d  is finally w a s h e d  wi th  p e t role u m  b e nzoline.  
S ho uld  t h e  mixt u r e  b e  foun d  to  b e  too  t hick,  it  is
t hin n e d  do w n  with  b e nzoline  s pi ri t  u n til i t is a bo u t
t h e  consis t e ncy of m ola ss e s  a t  t h e  o r din a ry t e m p e r a t u r e .  
The  lea t h e r  so  p r e p a r e d  is no t  liable  to  s t r e t c h,
a n d  c a n  b e  joine d  in t h e  u s u al  w ay by copp e r  rive ting,
o r  t h e  e n d s  c a n  b e  s e w n.   A good  m a t e ri al for  s m alle r
b el t s,  a n d  for  s t ri ngs  a n d  b a n d s  for  co n n e c tin g  la r g e r
on e s,  is t h a t  r e c e n tly p a t e n t e d  by  Vornb e r g er, in
w hich  t h e  g u t  of c a t tl e  is t h e  b a sis.   Afte r  c a r eful
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cle a n sing,  t h e  g u t  is s pli t  u p  in to  s t r a n d s,  a n d  t r e a t e d
wi th  a  b a t h  of p e a rl a s h  w a t e r  for  s eve r al  d ays.  
The  s t r a n d s  a r e  t h e n  t wis t e d  tog e t h er, a n d  af t e r  b ein g
dip p e d  in a  solu tion  of Con dy’s fluid,  a r e  d ri e d.  
They a r e  t h e n  s ulph u r e d  in a  wood e n  box for  tw e n ty-fou r
ho u r s ,  af t e r  w hich  t h e  t wis ting  c a n  b e  co m ple t e d .  
They a r e  by t his  p roc e s s  r e n d e r e d  plia ble,  a n d  c a n
b e  u s e d  in t his  s t a t e  for  s ti t chin g  t h e  le a t h e r  e n d s
of la rg e r  b el t s ,  o r  c a n  b e  s tiffen e d  by plun gin g  t h e m
into  a  b a t h  of isingla s s  a n d  w hi t e  win e  vine g ar. 
Afte r  d rying  t h ey a r e  s u s c e p tible  of a  fine  polish,
e m e ry  clo th  b eing  u s u ally e m ployed,  a n d  t h e  final “finish”
is give n  to  t h e  m a t e ri al  wi th  g u m  a r a bic  a n d  oil.

Ca nva s  a n d  wove n  fab rics,  coa t e d  wi t h  India-r u b b er,
a r e  al so  now  b eing  u s e d  for  d riving  b el t s  a n d  for
cove rin g  m a c hin e  rolle r s .   As t his  m a t e r ial c a n
b e  m a d e  in on e  pi ec e ,  wi thou t  t h e  n e c e ssi ty of a  join t,
it  is u nifor m  in s t r e n g t h,  a n d  is r eco m m e n d e d  a s  a
s u b s ti t u t e  for  lea t h e r  b el t s  r e q ui ring  join t s .  
A p a t e n t e d  m a t e ri al  of t his  d e sc rip tion  is d u e  to  Zingler,
w ho  boils  t h e  c a nva s  o r  si mila r  wove n  fab ric  u n d e r
p r e s s u r e  in a  solu tion  of t u n g s t a t e  of sod a  for  t h r e e
ho u r s .   I t  is t h e n  t r a n sfe r r e d  to  a  b a t h  of a c e t a t e
of lea d  solu tion,  a n d  d r ain e d,  d ri ed,  a n d  s t r e t c h e d.  
Whe n  in t his  con dition  it is co a t e d ,  by m e a n s  of a
s p r e a ding  m a c hin e ,  wi th  r e p e a t e d  laye r s  of a  co m posi tion
con sis ting  of India-r u b b er, a n t imony s ulphide,  p e roxid e
of i ron,  s ulph ur, lime,  a s b e s tos,  ch alk, s ulp h a t e  of
zinc,  a n d  c a r bo n a t e  of m a g n e si a.   Wh e n  a  s ufficie n t
t hickn es s  of t his  co m posi tion  h a s  b e e n  a p plie d,  it
is vulc a nize d  u n d e r  p r e s s u r e  a t  a  t e m p e r a t u r e  of 2 5 0
d e g.   F., o r  a  lit tl e  hig h er.  The  m a t e ri al
p ro d uc e d  in t his  m a n n e r  is s aid  to  h ave  t h e  s t r e n g t h
a n d  d u r a bili ty of t h e  b e s t  le a t h e r  b el t s .   Atte m p t s
h ave  r ec e n tly b e e n  m a d e  to  ob t ain  a  glu e  s ui t a ble
for  joining  t h e  e n d s  of d riving  b el t s,  wit ho u t  t h e
u s e  of m e t al  fas t e nings  o r  s e win g,  a n d  M e s s r s.  David
Kirkaldy & Son  h ave  r e po r t e d  favor a bly on  s uc h  a  b el t
glu e ,  w hich  is b ein g  in t ro d uc e d  by Mr. W.V.  Van
Wyk, of 3 0  a n d  3 1  N e w g a t e  s t r e e t ,  E.C.  In  t h e
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t e s t  a p plied  by t h e m,  a  join t  of t his  “H e rc ule s
glu e ,” a s  it is c alled,  in a  4  in. single  b el t
w a s  s t ro n g e r  t h a n  t h e  solid  lea t h er.  Whe n  a  t e n sile
s t r e s s  of 2 ,17 4  lb., e q uivale n t  to  2,86 0  lb. p e r  s q u a r e
inch  of s e c tion,  w a s  a p plied,  t h e  lea t h e r  g ave  w ay,
leaving  t h e  join t  in t a c t .   Bel t s  fas t e n e d  by a
sc a rf join t  wi t h  t his  glu e  a r e  s aid  to  b e  of a b solu t ely
t h e  s a m e  t hickn e s s  a n d  pliabili ty a t  t h e  join t  a s
in t h e  m ain  po r tion  of t h e  b el t ,  a n d  t h us  ins u r e  fre e do m
fro m  noise  a n d  p e rf ec t  s t e a din e s s.   The  ins t r u c tions
for  u s e  a r e  sim ple,  a n d  it r e q ui r e s  only fifte e n  min u t e s
for  t h e  join t  to  s e t  b efo r e  b ein g  r e a dy for  u s e.  
F ro m  a  ro u g h  c h e mic al a n alysis  of t h e  s a m ple  s u b mi t t e d
to  u s ,  w e  find  t h a t  it co nsis t s  of g el a tine,  wi th
s m all a m o u n t s  of min e r al  ing r e die n t s.   Josef H o r a d a m,
so m e  few ye a r s  a go,  p a t e n t e d  in Ge r m a ny a  p roc e s s
for  p r e s e rving  glu e s  fro m  d eco m posi tion,  by t h e  a d di tion
of fro m  8  to  1 0  p e r  c e n t .  of m a g n e siu m  or  c alciu m  c hlo ride s.  
The  a d di tion  of t h e s e  s al t s  do e s  no t  imp ai r  in a ny
w ay t h e  s t r e n g t h  of t h e  glu e,  b u t  p r ev e n t s  it  fro m
d eco m posing,  a n d  it m ay  b e  t h a t  t h e  “H e rc ule s
glu e” is p r e s e rve d  in a  si mila r  m a n n er.
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A c e m e n t  of t his  n a t u r e ,  if t ho ro u g hly to  b e  r eli ed
on,  m u s t  b e  of g r e a t  value,  al t ho u g h  t h e  g r e a t  va ri a tion
in t h e  q u ali ty of lea t h er, a p a r t  fro m  t h e  difficul ty
hi t h e r to  exp e ri e nc e d  of s ec u r ely con n e c ting  t h e  e n d s
tog e t h er, op e n s  a  wid e  field  for  a  m a t e ri al of u nifo r m
co m posi tion,  a n d  c a p a ble  of b ein g  m a d e  in on e  pi ec e
in s ui t a ble  leng t h s  for  d riving  b el t s  a n d  o t h e r  m a c hin e
g e ar.—Ind us t ries.
*       *       *       *  
    *

INAUGURATION OF THE STATUE OF DENIS PAPIN.

A la rg e  c row d  w a s  p r e s e n t  r ec e n tly a t  t h e  ina u g u r a t ion
of t h e  s t a t u e  of
Denis  Papin,  w hic h  took pl ac e  in t h e  cou r t  of t h e
Cons e rva toi r e  d e s  Art s  e t
M e tie r s ,  u n d e r  t h e  p r e side ncy of Mr. Lock roy, Minis t e r
of Co m m e rc e  a n d  t h e
Ind us t ri e s.

[Illus t r a tion:  DENIS PAPIN.]

In  t h e  la r g e  h all in  w hic h  t h e  a d d r e s s e s  w e r e  m a d e
t h e r e  w e r e  s eve r al m u nicipal cou n s elo r s,  t h e  r e p r e s e n t a tives
of t h e  Minis t e r  of War, Ca p t ain s  Dria n t  a n d  F roc a r d ,
s eve r al  m e m b e r s  of t h e  Ins ti t u t e ,  a n d  o t h e r s.  
A d el e g a tion  fro m  t h e  Syn dical Ch a m b e r  of Cond uc to r s,
E n gin e m e n,  a n d  S toke r s,  w hich  co n t ribu t e d  t h ro u g h
a  s u b sc rip tion  tow a r d  t h e  e r ec tion  of t h e  s t a t u e ,
w a s  p r e s e n t  a t  t h e  c e r e m o ny wi th  it s  b a n n er.  Mr.
Lanss e d a t ,  s u p e rin t e n d e n t  of t h e  Cons e rva toi r e ,  r ec eived
t h e  g u e s t s ,  a s sis t e d  by all t h e  p rofesso r s.   Mr.
Lanss e d a t  op e n e d  t h e  p roc e e dings  by a n  a d d r e s s  in  w hich
h e  p aid  ho m a g e  to  t h e  sci en tis t s  w ho  w e r e  p e r s ec u t e d
w hile  living,  to  De nis  Pa pin,  w ho  did  for  m e c h a nics
w h a t  Nicola s  le  Blanc  did  for  c h e mis t ry, a n d  to  t hos e
m e n  w hos e  e n ti r e  life w a s  d evot e d  to  t h e  t r iu m p h  of
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t h e  c a u s e  of scie nc e.

Afte r  t his,  a n  a d d r e s s  w a s  d elive r e d  by Mr. Lock roy,
w ho  exp a tia t e d  u po n  t h e  g r e a t  s e rvice s  r e n d e r e d  by
t h e  m a s t e r  of all t h e  scie nc es  know n  a t  t h a t  e poch,
w ho  w a s  in t u r n  p hysicia n,  p hysicis t ,  m e c h a nicia n,
a n d  m a t h e m a ticia n,  a n d  w ho,  in discove ring  t h e  p ro p e r ti e s
of s t e a m,  laid  t h e  foun d a tion  of m o d e r n  socie ty, w hich,
so  to  s p e ak,  a ro s e  fro m  t his  inco m p a r a ble  discove ry.

S p e ec h e s  w e r e  af t e r w a r d  m a d e  by Mr. Fe r ay  d’Esson n e s,
p r e sid e n t  of t h e  Syn dical Ch a m b e r  of Con d uc to r s,  E n gin e m e n,
a n d  S tok e r s,  a n d  by P rof.  Co m b e ro us s e ,  of t h e
Ce n t r al  S c hool, w ho  b ro a dly ou tline d  t h e  life of Papin.

Along  a bo u t  fou r  o’clock, t h e  Minis t e r  of Co m m e rc e
a n d  t h e  Ind u s t rie s,  follow e d  by all t h e  invit e d  g u e s t s ,
r e p ai r e d  to  t h e  cou r t ,  a n d  t h e  veil t h a t  hid  t h e  s t a t u e
w a s  t h e n  lift e d  a mid  a ccl a m a tion.

Pa pin  is r e p r e s e n t e d  a s  s t a n ding  a n d  p e rfo r min g  a n
exp e ri m e n t .

U po n  t h e  p e d e s t al is t h e  following  insc rip tion: 

    DENIS PAPIN
    BORN IN 1 6 4 7,  DIED ABOUT 1 7 1 4,
    INVENTED THE STEAM E NGINE
    IN 1 6 9 0

    NATIONAL S UBSCRIPTION, 1 8 8 6.

The  ina u g u r a tion  is d u e  to  t h e  ini ti a tive  of Mr. Lans s e d a t ,
for  i t w a s  h e  w ho  in 1 8 8 5  s u g g e s t e d  t h e  n a tion al  s u bs c rip tion,
w hich  w a s  q uickly r ais e d .

Denis  Papin  w a s  bo r n  a t  Blois on  t h e  2 2 d  of Augus t ,
1 6 4 7.   H e  w a s  t h e  son  of a  p hysician.   Afte r
t h e  exa m ple  of hi s  fa t h e r  a n d  of s eve r al  of his  r el a tive s,
h e  s t u died  m e dicine  a n d  took his  d e g r e e;  b u t  his  t a s t e
for  m a t h e m a tics,  a n d  e s p e ci ally for  exp e rim e n t al  p hysics,
soon  led  hi m  to  a b a n do n  m e dicine.
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It  w a s  in 1 6 9 0  t h a t  h e  p u blish e d  in t h e  Ac t e s
of Leipsic  t h e  m e m oi r  w hich  will for eve r  a n d  ir r evoc a bly
a s sig n  to  hi m  t h e  p rio ri ty in t h e  inve n tion  of s t e a m
e n gin es  a n d  s t e a m bo a t s,  a n d  t h e  ti tl e  of w hich  w a s:  
“N e w  m e t ho d  of c h e a ply ob t aining  t h e  g r e a t e s t
m o tive  pow e r s.”

In  1 7 0 4,  Papin,  poo r  a n d  oblige d  to  do  eve ryt hing
for  hi m s elf, finish e d  his  fir s t  s t e a m bo a t;  b u t  for
w a n t  of m o n ey h e  w a s  u n a ble  to  m a k e  a  t ri al of it
u n til Augus t  1 5,  1 7 0 7.   The  t ri al w a s  m a d e  u po n
t h e  F uld a  a n d  Wera ,  afflue n t s  of t h e  Wes er.

The  op e r a tion  s ucc e e d e d  wo n d e rfully, a n d,  s ho r tly
af t e r w a r d ,  Papin,  b ein g  d e si rous  of r e n d e rin g  t h e
exp e ri m e n t  co m ple t e,  p u t  hi s  bo a t  on  t h e  Wese r;  b u t
t h e  s t u pid  bo a t m e n  of t his  r ive r  d r e w  his  c r af t  a s ho r e
a n d  b rok e  it  a n d  it s  e n gin e  in pi ec es.

This  c a t a s t ro p h e  r uin e d  Papin,  a n d  a n nihila t e d  all
his  ho p e s .   The  g r e a t  m a n,  falling  in to s hocking
d e s ti t u tion,  b roke n  do w n  a n d  con q u e r e d  by a dv e r si ty,
r e t u r n e d  to  E n gla n d  in 1 7 1 2  to  s e e k  aid  a n d  a n  a sylu m.

Eve ryw h e r e  r e p uls e d,  h e  r e t u r n e d  to  Ca ss el a bo u t  1 7 1 4,
s a d  a n d  di scou r a g e d;  a n d  t h e  m a n  to  w ho m  w e  ow e  t h a t
p ro digy, t h e  s t e a m  e n gin e,  t h a t  ins t r u m e n t  of u nive r s al
w elfa r e  a n d  rich e s ,  dis a p p e a r e d  wi thou t  leaving  a ny
t r a c e  of his  d e a t h.—L e  M o n d e  Illus tr e.
*       *       *       *  
    *

DECORATION.

THE STUDY OF ORNAME NTS.

[Footno t e:   A ut hori tie s  cons ul t e d  in pr e paring
t his  pap er: “Analysis  of Or n a m e n t ,”
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Worn u m; “Tru t h,  Be a u ty, a n d  Pow er,” Dres s e r;
“Lec t u r e s  on  Art.”  F.W.  Moody;
“Hop e s  a n d  Fe a r s  for  Art,” W m. Mor ri s;
“Or n a m e n t al  Art,” H ul m e; “M a n u als
of Art  Ed uc a tion,” P r a n g.]

By MISS MARIE R. GARESCHE, S t .  Louis  Hig h  Sc hool.

Deco r a tion  is t h e  scie nc e  a n d  a r t  of b e a u tifying  objec t s
a n d  r e n d e rin g  t h e m  m o r e  pl e a sing  to  t h e  eye.  
As a n  a r t ,  individu al t a s t e  a n d  skill h ave  m u c h  to
do  wi th  t h e  p e rfec tion  of t h e  r e s ul t s;  a s  a  scie nc e ,
it  is s u bjec t  to  c e r t ain  inva ri a bl e  laws  a n d  p rinciples
w hich  c a n no t  b e  viola t e d,  a n d  a  s t u dy of w hich,  a d d e d
to  fa milia ri ty wi th  so m e  of t h e  b e s t  ex a m ples,  will
e n a ble  a ny on e  to  a p p r e cia t e  a n d  u n d e r s t a n d  it, eve n
if lacking  t h e  skill a n d  pow e r  to  c r e a t e  o rigin al
a n d  b e a u tiful d e sig ns.

The  s t u dy of d eco r a tion  offe r s  m a ny  a dva n t a g e s .  
I t  c ul tiva t e s  t h e  im a gin a tion  a n d  t h e  t a s t e;  it d ev elops
ou r  c a p aci ty for  r ecog nizing  a n d  e njoying  t h e  b e a u tiful
in  bo t h  n a t u r e  a n d  a r t ;  it  a d d s  to  t h e  pl e a s u r e  a n d
r efine m e n t  of life.  P r a c tically, it s  impor t a nc e
c a n  h a r dly b e  ove r e s tim a t e d,  a s  it e n t e r s  into  al mos t
all t h e  ind us t rial  p u r s ui t s .   We c a n  t hink  of
b u t  few cla s s e s  of objec t s,  eve n  t h e  m o s t  si m ple,  in
w hich  so m e  a t t e m p t  a t  o r n a m e n t a tion  is no t  m a d e.

Or n a m e n t  is on e  of t h e  p rincip al m e a n s  of e n h a n cin g
t h e  value  of t h e  r a w  m a t e ri al.  A piec e  of c a rve d
wood,  o r  a n  a r ti s tic ally d e co r a t e d  po rc el ain  vas e ,
wo r t h  p e r h a p s  m a ny h u n d r e d  dolla r s,  if r e d u c e d  to  t h e
co m m e rcial value  of t h e  m a t e ri al of w hich  t h ey  a r e
co m pos e d  would  b e  value d  a t  b u t  a  few dolla r s  o r  ce n t s.  
The  high e r  t h e  o r n a m e n t a tion  r a nks,  fro m  a n  a r ti s tic
poin t  of view, t h e  g r e a t e r  b e co m e s  t h e  value  of t h e
a r t icle  to  w hich  it  is a p plied.   Knowled g e  of
good  d e sig ns  is t h u s  evide n tly impo r t a n t ,  to  t h e  p u rc h a s e r
of t h e  objec t  o r n a m e n t e d  a s  w ell a s  to  t h e  d e sign e r
w ho  pl a n n e d  it.  This  c a n  only b e  a t t ain e d  by
c ul tiva tion.
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To know a n d  a p p r e cia t e  t h e  b e s t  o r n a m e n t  s ho uld  b e
a n  ai m  s e t  for t h  in  a ny sc h e m e  of g e n e r al  e d u c a tion.  
This  knowled g e  a n d  a p p r e ci a tion  c a n  b e  ob t ain e d  by
s t u dying  t h e  a p plica tion  of t h e  laws  a n d  p rinciple s
of o r n a m e n t al  a r t  a s  exe m plified  in t h e  works  of m a s t e r s,
a n d  also  by  e n d e avo ring  to  a p ply t h es e  p rinciples
in d e sign s  of ou r  ow n  c r e a tion.

PRINCIPLES OF ORNAMENT.

We c a n  only a r rive  a t  a  knowle d g e  of t h e s e  p rinciples
by a  conside r a tion  of t h e  objec t.   In  o th e r  wo r d s,
n a t u r e  a n d  his to ry m u s t  b e  s t u died.   Fi r s t ,  na t ur e ,
for  s h e  is t h e  p ri m a ry sou r c e  a n d  o rigin  of all good
o r n a m e n t ,  w h e t h e r  a n cie n t  o r  m o d e r n;  a n d  if, a s  in
eve ry thin g  els e,  w e  wo uld  no t  b eco m e  s e rvile  imi t a to r s
a n d  w e a k  copyis t s ,  w e  m u s t  go  to  t h e  foun t ain  h e a d.  
S e con d,  his tory , for  by t h e  s t u dy of t h e  o r n a m e n t
of p a s t  a g e s  w e  will no t  only b e co m e  a c q u ain t e d  wit h
t h e  hig h e s t  d evelop m e n t s  of w hic h  o r n a m e n t al  a r t  is
c a p a ble,  b u t  will m o r eove r  b ro a d e n  ou r  views  a s  to
its  objec t  a n d  s cop e,  a n d  will s ti m ula t e  ou r  ow n  im a gin a tion
a n d  inven tion,  by lea ding  u s  to  t h e  con t e m pla tion
of t h e  my ri a d  b e a u tiful a n d  p ro t e a n  for m s  it  h a s  a s s u m e d,
w h e n  s u r ro u n ding  con di tions,  s uc h  a s  r eligion,  clim a t e ,
t e m p e r a m e n t ,  n a tion ali ty, e t c ., h ave  b e e n  diffe r e n t .  
Knowled g e  of hi s to ric  o r n a m e n t  will a l so  p r ev e n t  t h e
imposi tion  on  t h e  p u blic, so  co m m o n  in ou r  d ay, of
w e a k  a n d  u n wo r t hy p ro d uc tions  w hich  claim  to  b e  b a s e d
on  cl as sic  o rigin als, a n d  w hich  cons ti t u t e  a  g r e a t
s t u m bling  block to  t h e  p ro g r e s s  a n d  a p p r e cia tion  of
good  a r t .   The  r e s ul t  is so m e w h a t  a n alogous  to
t h a t  p ro d uc e d  u po n  conscie n tious  b u t  ill-info r m e d
min d s,  w ho  m a k e  eve ry effo r t  to  a p p r e ci a t e  a n d  e njoy
t h e  s p u rious  p ro d uc tions  of a  g r e a t  a u t hor, no t  knowing
t h a t  t h ey a r e  no t  g e n uin e.
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POSITION AND SCOPE OF ORNAMENTAL OR 
DECORATIVE ART.

I. Objec t  of  Orna m e n tal Art .—The
objec t  o r  p u r pos e  of o r n a m e n t,  a s  in t h e  o t h e r  fine
a r t s ,  is to  pl e a s e .   In  m u sic  a n d  po e t ry  t hi s  e njoym e n t
is co nveye d  to  t h e  mi nd  t h ro u g h  t h e  e a r ;  in t h e  d e co r a tive
a n d  pic to ri al  a r t s ,  t h ro u g h  t h e  eye.   Gen e r ally,
t h e  m e a nin g  t h a t  w e  find  in s uc h  p ro d uc tions,  t h e
a p p e al  t h a t  t h ey  m a k e  to  t h e  u n d e r s t a n ding  o r  feelings,
is a s  g r e a t  a  sou rc e  of in t e r e s t  to  u s  a s  t h ei r  in t rinsic
b e a u ty.  Poe t ry a n d  vocal m u sic  a r e  g r e a tly d e p e n d e n t
for  t h ei r  effec t  u po n  t h e  m e a nin g  t h ey co nvey in wor d s;
p ain tin g  a n d  sc ulp t u r e ,  u po n  t h e  ide a s  o r  s e n tim e n t s
t h ey s u g g e s t .   In  all four, how ever, a n d  m o s t
d ecide dly in m u sic  u n a cco m p a nie d  by wo r ds ,  t h e  a p p e al
is fr e q u e n tly m a d e  al mos t  exclusively to  t h e  a e s t h e tic
s e n s e,  t h e  mi n d  o r  in t ellec t  r e m ainin g  al mos t  do r m a n t
u n d e r  t h e  imp r e s sion.   Ge m s  of r hy t h mic al ve r s e ,
s uc h  a s  Poe’s “Bells,” “The
R ave n,” Whis tle r’s  “Sym p ho nies  in
Color,” n a m ele ss  for m s  in s t a t u a ry, exp r e s sionle ss
s ave  in t h e  m e r e  b e a u ty of t h ei r  p ro po r tions  a n d  cu rve s,
a n d,  a s  h a s  b e e n  s t a t e d,  n e a rly t h e  e n ti r e  field  of
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ins t r u m e n t al  m u sic, a r e  c a s e s  in poin t.   In  t h e
o r n a m e n t al  a n d  d e co r a tive  a r t s ,  a s  w ell a s  in a r c hi t ec t u r e
(fro m  w hich  t h ey a r e  ind e e d  ins e p a r a ble), b e a u ty alon e,
in  like  m a n n er, s ho uld  b e  t h e  p rincip al ai m  a n d  p u r pos e .  
In  t h e  for m er, of cou r s e ,  it is indisp e n s a ble  t h a t
s uc h  s hould  b e  t h e  c a s e ,  a s  t h ey a r e  e n ti r ely s u bo r din a t e
a n d  a cc es so ry in t h ei r  n a t u r e ,  t h ei r  only raison
d’e tre  b eing  to  b e a u tify o r  r e n d e r  m o r e
a g r e e a ble  objec t s  al r e a dy c r e a t e d  for  so m e  p u r pos e.

It  m u s t  no t  b e  im a gin e d  t h a t  s uc h  a r t is tic  imp r e s sions—viz.,
w h e r e  t h e  a p p e al  is m a d e  al mos t  solely to  t h e  a e s t h e tic
s e n s e,  r e g a r dl e s s  of t h e  r e a so n,  judg m e n t ,  o r  feelings—a r e
n ec es s a rily of a  lowe r  o r d er.  Thei r  effec t  is
al mos t  a n alogous  to  t h a t  w hich  n a t u r e  h e r s elf p ro d u c e s
u po n  u s—t h e  s t a r ry h e ave n s,  t h e  mig h ty
oc e a n,  t h e  t e n d e r  flow er.  The  imp r e s sion,  w h e t h e r
t h e  objec t  b elong s  to  t h e  do m ain  of n a t u r e  o r  a r t ,
m ay b e  a  m e r ely s e ns uo u s  on e;  a n d  if it s tops  t h e r e ,
a s  it c e r t ainly do e s  for  t h e  m ajo ri ty of p eo ple,  it
r a nks  wi thou t  do u b t  fa r  b elow p rod uc tions  w h e r e  t h e
a e s t h e tic  el e m e n t  is only u s e d  to  s tim ula t e  a n d  h eig h t e n
t h e  a p p e al  to  t h e  min d  o r  t h e  feelings .   Bu t  if
it  ex t e n d  b eyon d,  a n d  m a k e s  t h e  s e ns uo u s  imp r e s sion
b u t  t h e  p a r t ing  link to  t h e  co n t e m pla tion  of ide al,
a b s t r a c t  b e a u ty, wi tho u t  t h e  in t e r m e dia t e  aid  of t h e
h e a r t  o r  t h e  r e a son,  it is t h e  s ho r t e s t  a n d  q uicke s t
ro a d  tow a r d  t h e  r e aliza tion  of t h e  infini t e ,  a n d  m a k e s
u s  ind e e d  feel t h a t  it  is b u t  a  s ho r t  s t e p  “fro m
n a t u r e  u p  to  n a t u r e’s God.”  Thus
a r c hi t ec t u r e,  w hich  e m bo die s,  m o r e  t h a n  a ny o t h e r  of
t h e  s p a c e  a r t s ,  p rinciple s  of a b s t r a c t  b e a u ty, h a s
b e e n  wi th  r e a s on  c alled  t h e  no ble s t  of t h e m  all.

H ow ever, o r n a m e n t al  a n d  a r c hi t ec t u r al  for m s  fr eq u e n tly
do  convey a  m e a ning,  w hich  w e  t e r m  sym bolis m  in a r t .  
If t his  sy m bolis m  do e s  no t  d e t r a c t  fro m  t h e  fir s t
objec t  of o r n a m e n t—viz., to  b e a u tify—it
is p e rfec tly legi tim a t e  a n d  p ro p er.  It  is impossible
to  fully a p p r e ci a t e  m a ny p h a s e s  of a r t ,  a s,  for  ins t a nc e,
t h e  Egypti a n  a n d  t h e  e a r ly Ch ris ti a n,  if w e  le ave  ou t
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of sig h t  t h e  sy m bolis m  w hic h  p e rva d e s  t h e m.

While  b e a u ty, o r  c a p a ci ty for  ple a sing  t h e  eye,  m ay
b e  ve ry d efini t ely s aid  to  b e  t h e  ai m  of o r n a m e n t al
a r t ,  it  is difficul t  to  a r rive  a t  a  u nive r s al s t a n d a r d
a s  to  w h a t  cons ti t u t e s  b e a u ty.  Wh a t  pl e a s e s  on e
p e r so n  will no t  alw ays  pl e a s e  a no t h er.  The  child
loves  gli t t e rin g  objec t s  a n d  g a u dy co m bin a tions,  w hich
t h e  m a t u r e  t a s t e  of t h e  m a n  d ecl a r e s  ex t r ava g a n t  a n d
u n h a r m o nious.   S av a g e s  d e co r a t e  t h ei r  w e a po n s,
u t e n sils, a n d  t h ei r  ow n  p e r son s  wi t h  o r n a m e n t s  t h a t
a p p e a r  u ncou t h  a n d  b a r b a ro us  to  civilized  p eo ple.

Beside s  t h e s e  diffe r e nc e s  in  t a s t e ,  w hic h  a r e  d u e
to  diffe r e n t  d e g r e e s  of m e n t al  d evelop m e n t,  a n d  w hich
c a n  co ns e q u e n tly b e  e a sily dispos e d  of, w e  find  a m o n g
hig hly civilized  a n d  c ult u r e d  n a tions,  a t  diffe r e n t
p e riods,  a  g r e a t  dive r si ty of t a s t e s .   Thes e  va rying
a n d  so m e ti m e s  a p p a r e n tly conflicting  p ro d uc t s  of o r n a m e n t al
a r t  w e  d e sig n a t e  a s  s tyles,  viz ., Egyp ti an  s tyle,
Gre ek  s tyle,  Gothic s tyle, e t c .  So  m a rk e d
a r e  t h e  diffe r e nc e s  b e t w e e n  t h e m  t h a t  w e  c a n  so m e ti m e s
t ell a t  a  gl a nc e  to  w h a t  p e riod  a n d  to  w h a t  s tyle
a  s m all fr a g m e n t  of d e co r a tion  b elong s.
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N ot with s t a n din g  t h e s e  diffe r e nc e s,  w hich  a t  fir s t
m ay a p p e a r  ve ry g r e a t ,  a  c a r eful s t u dy of t h e  b e s t
s tyles—t hos e  t h a t  a c hieve d  t h e  g r e a t e s t
a n d  m os t  las ting  po p ula ri ty—will r eve al
t h e  fac t  t h a t  t h ey a r e  all b a s e d  u po n  c e r t ain  fund a m e n t al
laws  a n d  p rinciples ,  a n d  t h a t  all a r e  good,  b a d,  o r
indiffe r e n t  a c co r ding  a s  t h ey  confor m  to  o r  viola t e
t h e s e  p rinciple s.   Thes e  e s s e n ti als  h aving  b e e n
p r e s e rve d,  t h e  oppo r t u ni tie s  for  t h e  exe r cise  of individu al
o r  n a t ion al t a s t e  a r e  al mos t  bou n dle ss .

II. Position  of  Orna m e n t . —The  posi tion
t h a t  o rn a m e n t  occu pie s  is n e c e s s a rily a  s e con d a ry
on e,  a s  i t c a n no t  exis t  ind e p e n d e n tly, b u t  is alw ays
a p plied  to  objec t s  c r e a t e d  for  so m e  p u r pos e  e n ti r ely
ind e p e n d e n t  of t h ei r  c a p a city for  pl e a sing.   This
gives  u s  on e  of t h e  g r e a t  u n d e rlying  p rinciples  t h a t
s ho uld  c h a r a c t e rize  all o r n a m e n t,  vi z ., it
m u s t  b e  s u bordinat e  to  t h e  objec t  w hic h  it  adorns,
and  m u s t  no t  d e t rac t  fro m  its  u s e .  We ofte n
s e e  t his  r ul e  viola t e d  in p e r so n al, ho us e hold,  a n d
a r c hi t ec t u r al  d e co r a tion—win dow s  so  ove rloa d e d
wi th  p rojec ting  co r nice s  a n d  la t tic e  wo rk  a s  to  al mos t
exclud e  ligh t  a n d  ai r;  knife  h a n dle s  c a rve d  so  el a bo r a t ely
t h a t  it is impos sible  to  g r a s p  t h e m  fir mly; s tyles
of d r e s s  in for m  o r  colo r  t h a t  imp e d e  t h e  m o tions
of t h e  w e a r er, a n d  m a k e  t h e  clot h e s ,  r a t h e r  t h a n  t h e
p e r so n ality of t h e  w e a r er, t h e  m o s t  no tice a ble  fea t u r e .  
F ro m  t his  p rinciple  t h e r e  is b u t  a  s t e p  to  a no t h e r:  
All orna m e n t  s ho uld  b e  m o d e s t  and  m o d era t e . 
I t  m u s t  no t  ob t r u d e  it s elf, a n d  a  g r e a t  p rofusion
a n d  os t e n t a tion  in i t s  a p plica tion  is alw ays  a  sign
of d e g e n e r a cy a n d  b a d  t a s t e .   Of cou r s e  so m e  objec t s,
fro m  t h ei r  n a t u r e ,  posi tion,  a n d  u s e ,  will a d mi t  of
g r e a t e r  a n d  m o r e  el a bo r a t e  o r n a m e n t  t h a n  o t h e r s.

Or n a m e n t ,  b ein g  e n ti r ely s u bo r din a t e ,  s ho uld  no t  conc e al
t h e  cons t r uc tion  of t h e  objec t.   In  a r c hi t ec t u r e
it  s hould  follow t h e  lea ding  line s  of t h e  b uilding,
a n d  s hould  e m p h a size,  o r  a t  le as t  s u g g e s t ,  t h e  cons t r uc tion.  
If a r c hi t ec t u r al  in c h a r a c t er, i t s hould  so  e n t e r
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in to  t h e  cons t r u c tion  of t h e  b uilding  t h a t  it  could
no t  b e  t ak e n  a w ay wi t ho u t  inju ring  it.

We m u s t  feel t h a t  a  colu m n,  no  m a t t e r  ho w  b e a u tiful,
is s u p po r tin g  so m e t hing.   A floor, a lw ays  a  pl a n e
s u rfac e,  m u s t  no t  b e  tiled  o r  d e co r a t e d  in a ny w ay
to  exp r e s s  r eli ef.  This wo uld  a p p a r e n tly d e s t roy
t h e  e s s e n ti al cons t r u c tive  q u ali ty of a  floor, vi z .,
fla t n e s s .   Fo r  t h e  s a m e  r e a so n,  all s h a m s,  s uc h
a s  p ain t e d  a r c h e s ,  pilla r s ,  e t c ., a r e  no t  legi tim a t e .  
As long  a s  t h ey do  no t  a c t u ally exis t ,  t h ey  a r e  evid e n tly
no t  n e c e ss a ry  to  t h e  cons t r u c tion,  a n d  h av e  no  p u r pos e
s ave  a n  im a gin a ry d eco r a tive  on e,  a n d  in t h e  wor d s
of Ow e n  Jones,  con s tr uc tion  m u s t  b e  d e corat e d— no t
d ecora tion  cons tr uc t e d .

III. S co p e  of  Orna m e n t .—The  scop e
of o r n a m e n t al  a r t  is a l mos t  bo u n dle ss .   I t  is
a p plied  to  objec t s  la r g e  a n d  s m all, a d a p t e d  to  t h e
m os t  va rious  u s e s,  cons t r uc t e d  of t h e  m os t  diffe r e n t
m a t e ri als.  As t h e  o r n a m e n t a tion  is alw ays  to
b e  s u bo r din a t e  to  t h e  objec t ,  consid e r a tions  r e g a r ding
size,  u s e ,  posi tion,  m a t e ri al, e t c ., m u s t  gove r n
it.  An o r n a m e n t  t h a t  wo uld  b e  a d mir a ble  a p plied
to  on e  objec t,  mig h t  b e  d e t e s t a ble  if a p plied  to  a no t h er. 
A d e sign  c a n no t  b e  m a d e  wi tho u t  r efe r e n c e  to  i t s  fu t u r e
a p plica tion.
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Fi r s t:   The  m a t e ri al  m u s t  b e  conside r e d .  
H e avy a n d  h a r d  m a t e ri als, s uc h  a s  wood  a n d  s ton e,
will no t  a d mi t  of a s  d elica t e  c u rve s  a n d  line s  a s  t ex tile
fab rics,  s uc h  a s  co t to n  a n d  woole n  goods,  lac es,  e t c .

S e con d:   The  m a n n e r  in w hich  t h e  a r t icle  is to
b e  m a d e,  w h e t h e r  by w e aving, c u t tin g,  c a rving,  c a s tin g,
e t c .

Third:   The  posi tion  t h e  objec t  is to  occu py. 
If e l eva t e d  o r  o th e r wis e  r e mo t e  fro m  t h e  eye,  el abo r a t e
finish  a n d  min u t e  d e t ail a r e  u s el e s s.   Or n a m e n t al
a r t ,  fro m  ti m e  im m e mo rial, h a s  a t t ain e d  it s  g r e a t e s t
exc ellenc e  a n d  exe rcis e d  it s  g r e a t e s t  influe nc e  in
con n e c tion  wi th  a r c hi t ec t u r e .

In  fac t ,  t h e  s t u dy of o r n a m e n t  is ins e p a r a ble  fro m
t h a t  of a r c hi t ec t u r e .   I t  is u po n  a r c hi t ec t u r al
for m s  t h a t  t h e  g r e a t e s t  a r ti s t s  h ave  in  all a g e s  exp e n d e d
t h ei r  g r e a t e s t  effor t s  a n d  skill, a n d  in a  t r e a tis e
on  his to ric  o rn a m e n t  t h ey  a r e  d e cide dly t h e  m os t  in t e r e s ting
a n d  impor t a n t  objec t  of s t u dy.

IV. M a t erial of  Orna m e n t .—The  two
g r e a t  sou r c e s  of o r n a m e n t  a r e  g eo m e t ry  a n d  n a t u r e .  
The  la t t e r  includ e s  t h e  for m e r;  for  no t  only m u s t  n a t u r al
for m s,  in  o r d e r  to  b e  av aila ble  a s  m a t e ri al  for  o r n a m e n t ,
b e  fir s t  co nve n tion alized,  o r  r e d u c e d  to  r e g ul ar,
sy m m e t ric al, g eo m e t ric  ou tline s,  b u t  a ny a n d  all d e sig ns,
w h e t h e r  t h e  u ni t  of r e p e ti tion  b e  g eo m e t ric  o r  conve n tion al,
m u s t  b e  foun d e d  u po n  g eo m e t ric  cons t r u c tion.   This
r efe r s  to  t h e  r e g ula ri ty, r e p e ti tion,  a n d  di s t rib u tion
of p a r t s;  so  t h a t  eve ry  good  d e sign,  if r e d u c e d  to
its  p rincip al line s  of cons t r uc tion,  would  exhibi t
b u t  a  few g eo m e t ric  line s  a n d  inclosing  s p ac es .  
M a ny d e signs  a r e  no t  only g eo m e t ric  in t h ei r  b a sis
o r  pl a n,  b u t  m a k e  u s e  of g eo m e t ric  figu r e s  a s  t h e
u ni t s  o r  m a t e r ials  of d e sign.   S uc h  d e signs ,  how ever,
r a nk  lowe r  t h a n  t hos e  in w hich  n a t u r al  for m s  conve n tion alize d
a r e  t ak e n  a s  t h e  s u bjec t s  of r e p e ti tion; a n d  a s  t h e
o r n a m e n t  r i se s  in t h e  sc ale  tow a r d  p e rf ec tion,  eve n
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t h e  g eo m e t ric  b a sis  b eco m e s  les s  a n d  les s  a p p a r e n t ,
a n d  sinks  in to  a  d e cid e dly s u bo r din a t e  posi tion; so
t h a t  in m a ny of t h e  m o s t  p e rf ec t  s p e ci m e ns  it c a n
b e  t r ac e d  only in a  few lea ding  line s  of t h e  co m posi tion.  
I t s  p r e s e n c e ,  how ever, is n e c e s s a ry, a n d  is t h e  foun d a tion,
if no t  t h e  m o s t  impo r t a n t  el e m e n t,  of b e a u ty  in t h e
d e sign.

RELATION BETWEEN NATURE AND ORNAMENTAL 
ART.

While  t h e  n a t u r al  wo rld,  includin g  leaves,  flowe r s ,
a ni m als,  e t c ., is t h e  g r e a t e s t  so u rc e  of o r n a m e n t ,
it  is g e n e r ally t h e  opinion  of t h e  b e s t  a u t ho ri ti e s,
d e rived  fro m  t h e  s t u dy of t h e  b e s t  s tyles  a n d  by a
con sid e r a tion  of t h e  p rinciple s  of fitn e s s  a n d  p ro p rie ty
w hich  u n d e rlie  t h e  e n ti r e  p hysical a n d  m o r al  wo rld,
t h a t  n a t u r al  for m s  in o r n a m e n t al  a n d  d e co r a tive  a r t
s ho uld  no t  b e  lit e r ally copie d  o r  imit a t e d.   Th a t
is t h e  ai m  of p ain ting,  sc ulp t u r e,  a n d  t h e  o t h e r  r e p r e s e n t a tive
a r t s ,  w h e r e  t h e  objec t  is to  p r e s e n t  so m e t hing  to
t h e  eye  w hich  will s u g g e s t  a t  onc e  t h e  a c t u al  p r e s e n c e
of t h e  objec t.   To p rod uc e  t h a t  effec t,  t h e  objec t ,
w h e t h e r  a ni m al o r  veg e t a ble,  is r e p r e s e n t e d  a s  m u c h
a s  possible  in t h e  a c t u al ci rc u m s t a nc e s  of i ts  exis t e nc e ,
s u r ro u n d e d  by t h e  n e c e s s a ry  con di tions  of it s  w ell-b eing
a n d  g row t h.   A fra m e  is pl ac e d  a ro u n d  it, to  s h u t
it  off a s  m u c h  a s  possible  fro m  ot h e r  s u r ro u n din gs,
a n d  t h u s  h elp  u s  d elu d e  ou r s elves  t h a t  w e  a r e  in t h e
p r e s e n c e  of t h e  r e al  t hing,  ei t h e r  a s  it would  imp r e s s
u s  t h ro u g h  ou r  s e ns e s  o r  ou r  im a gin a tion.
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But  in o r n a m e n t al  a r t  t h e  c a s e  is e n ti r ely diffe r e n t .  
As it is to  b e  a p plied  a n d  cons e q u e n tly s u bo r din a t e d
to  so m e t hin g,  a n d  do e s  no t  exis t  for  its elf, it  wo uld
b e  impossible,  exc e p t  in ve ry r a r e  ins t a nc es ,  to  in t rod u c e
in a  d e sign  a  n a t u r al objec t  in a  r e alis tic  m a n n e r
a n d  no t  viola t e  so m e  im po r t a n t  law of it s  g ro w t h  o r
t h e  con di tions  of its  w ell-b ein g.   For  ins t a nc e ,
to  exac tly r e p e a t  a  c e r t ain  ros e,  wi th  all t h e  a ccid e n t s
of it s  g ro wt h,  m a ny ti m es  in  a  c a r p e t  is no t  n a t u r al. 
N a t u r e  n eve r  r e p e a t s  h e r s elf.  Mo r eover, to  t r e a d
on  t h a t  w hich  is s u p pos e d  to  s u g g e s t  to  u s  r e al  r o s e s
is b a r b a ro u s.   I t  wo uld  r e ally b e  ou t r a gin g  a n d
dis to r ting  n a t u r e  w hile  p r e t e n din g  to  b e  h e r  fai t hful
disciple  a n d  imit a tor.

We no t  only d e rive  fro m  n a t u r e  t h e  m o s t  impo r t a n t
m a t e ri als  for  ou r  d e sig ns,  b u t  al so  t h e  va rious  m o d e s
of a r r a n gin g  t his  m a t e ri al.   Various  m o d e s  of
r e p e ti tion—r a dical, bila t e r al,  e t c .—w e r e
all p ro b a bly s u g g e s t e d  by  so m e  n a t u r al  a r r a n g e m e n t
obs e rve d  in flow e r s ,  le aves,  e t c .  Of t h e s e
diffe r e n t  a r r a n g e m e n t s  it  is c u rious  to  no t e  t h a t  t h e
bila t e r al  is m o r e  c h a r a c t e ris tic  of t h e  high e r  for m s
of n a t u r e  a n d  t h e  r a di a ting  of t h e  low er.  The
lea ding  p rinciples  of o r n a m e n t—sym m e t ry,
p ro po r tion,  r hy t h m,  con t r a s t ,  u ni ty, va ri e ty, r e pos e,
e t c .—a r e  all exe m plified  in n a t u r al
for m s.   The  la t t e r  h ave  also  s u g g e s t e d  m a ny of
t h e  m o s t  impo r t a n t  a r c hi t ec t u r al for m s.   The  Got hic
c a t h e d r al, wi t h  it s  clus t e r e d  colu m n s  b r a nc hing  a n d
for min g  poin t e d  a r c h e s  ove r h e a d,  w a s  p ro b a bly s u g g e s t e d
by a  g rove  of t r e e s  wi th  ove r a r c hing  b r a nc h e s  a n d
bo u g h s.   The  ide a  of t h e  colu m n  w a s  d e rive d  fro m
t h e  p a py r u s  pl a n t ,  a  s p ecie s  of r e e d  g ro wing  in t h e
rive r  Nile.   The  b u d  o r  flowe r  s u g g e s t e d  t h e  c a pi t al
of t h e  colu m n; t h e  s t alk, t h e  s h aft; a n d  t h e  b ulbous
roo t ,  t h e  p e d e s t al.   The  blu e  va ul t  of t h e  sky
u n do u b t e dly s u g g e s t e d  t h e  do m e,  e t c .

The  following  a r e  a  few of t h e  lea ding  p rinciples
of o r n a m e n t al  a r t  a s  s e t  for t h  by  Ow e n  Jones  in his
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Gra m m ar of  Orna m e n t , a  fine  work,  m a g nificen tly
illus t r a t e d,  w hos e  p e r u s al  could  h a r dly fail to  d eligh t
t h e  m o s t  indiffe r e n t:  

“All good  o r n a m e n t al  a r t  s ho uld  poss es s  fitn e ss,
p ro po r tion,  h a r m o ny, t h e  r e s ul t  of all w hich  is r e pos e.”

“Cons t r u c tion  s hould  b e  d eco r a t e d.   Deco r a tion
s ho uld  n eve r  b e  p u r pos ely cons t r uc t e d .”

“All o r n a m e n t  s ho uld  b e  b a s e d  u po n  g eo m e t ric al
con s t r u c tion.”

“H a r m o ny of for m  consis t s  in t h e  p ro p e r  b al a ncin g
a n d  con t r a s t  of t h e  s t r aig h t ,  t h e  incline d,  a n d  t h e
c u rve d.”

“In s u rf ac e  d e co r a tion  all line s  s hould  flow
ou t  of a  p a r e n t  s t e m.   Eve ry p a r t ,  how eve r  dis t a n t ,
s ho uld  b e  t r ac e d  to  it s  b r a nc h  o r  roo t .   N a t u r al
law.”

“All junc tions  of c u rve d  line s  wi th  e a c h  o t h er,
o r  wit h  s t r aigh t  lines ,  s ho uld  b e  t a n g e n ti al to  e a c h
o th er.  N a t u r al  law.”

“N a t u r al  for m s,  a s  s u bjec t s  of o r n a m e n t,  s hould
no t  b e  imi t a t e d,  b u t  s ho uld  b e  conve n tion alized.”

HISTORIC ORNAMENT.
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The  o rigin  of all a t t e m p t s  a t  d eco r a ting  o r  b e a u tifying
objec t s  lies  in t h e  u nive r s al love  of m a n kind  for
t h e  b e a u tiful.  Onc e  t h e  n e c e s s a rie s  of life  p rovide d
for, m a n  ins tinc tively, t h e  wo rld  over, t u r n s  his  a t t e n tion
tow a r d  g r a tifying  t hi s  feeling,  by  imp roving  a n d  d e co r a ting
t h e  for ms  a ro u n d  hi m—his  a r m s,  u t e n sils,
d w elling,  o r  hi s  ow n  p e r son.   The  hi s to ry of eve ry
n a tion  p roves  t his,  a n d  no  m a t t e r  how  r u d e,  a n d  eve n
u gly, t h ei r  effo r t s  m ay  s e e m  to  u s ,  w e  a r e  bo u n d  to
r e cog nize  in  t h e m  t h e  s a m e  m o tives  t h a t  a c t u a t e d  t h e
b uilde r s  of t h e  Pa r t h e no n  o r  of S t .  Pe t e r’s  a t
Ro m e.   This  a w a k e ning  a n d  g r a tifica tion  of t h e
a e s t h e tic  s e ns e  s e e m s  to  b e  t h e  fi r s t  a dv a nc e  fro m
a  con di tion  of m e r e  a ni m al exis t e nc e ,  in w hich  food,
s h el t er, a n d  co mfo r t  a r e  t h e  only co nsid e r a tions,
to  t a s t e s  a n d  d e si r e s  t h a t  a r e  high e r  a n d,  cons e q u e n tly,
m o r e  im p e r son al.

The  t e r m  his to ric  o r n a m e n t  is a p plied  to  t h e  va rious
s tyles  of o r n a m e n t al  a r t  w hich  h ave  flou ris h e d  a t
va rious  p e riods  in  t h e  wo rld’s hi s to ry, fro m
t h e  Egypti a n,  d a ting  fro m  t h e  1 4 t h  c e n t u ry B.C., to
t hos e  t h a t  exis t  a t  t h e  p r e s e n t  d ay.  Thei r  n u m b e r
is, cons e q u e n tly, a l mos t  u nlimi t e d,  a n d  w e  will confine
ou r s elves  to  t h e  consid e r a tion  of a  few of t h e  p rincip al
on e s  only—t hos e  t h a t  h ave  a c hieved  t h e
m os t  e n d u rin g  fa m e,  o r  t hos e  t h a t  exe rcis e d  t h e  m os t
m a r k e d  influe nc e  u po n  s ucc e e din g  s tyle s.

In  consid e rin g  t h e  va rious  s tyles,  w e  m u s t  alw ays
b e a r  in  min d  t h a t ,  wi th  t h e  exc e p tion  of t h e  E gypti a n,
all s ho w  ve ry m a r k e dly t h e  influe nc e  of t h e  s tyles
t h a t  p r e c e d e d  t h e m,  b eing  ve ry of t e n  m e r ely a n  ou t g row t h
o r  d evelop m e n t  of a  p r ec e ding  on e.   Thus  t h e  Gre eks
bo r row e d  m a ny for m s  fro m  t h e  E gyp tia n s.   The  Ro m a n s
si m ply a d a p t e d  a n d  el a bo r a t e d  t h e  Gre ek  s tyle, e t c . 
So  t h a t  w hile  e a c h  s tyle  is u s u ally know n  by c e r t ain
p ro min e n t  c h a r a c t e ris tics,  i t do e s  no t  follow t h a t
t h e s e  ch a r a c t e ris tics  a r e  p e c ulia r  to  it alon e .[1]
They m ay  b e  foun d  in o t h e r  s tyles,  t hou g h  no t  to  s uc h
a  g r e a t  ex t e n t .   While  si mila r  fea t u r e s  will t h us
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b e  s e e n  to  r u n  t h ro u g h  m a ny s tyles,  e a c h  will u s u ally
b e  foun d  to  pos s e s s  a n  individu ali ty of i t s  ow n.  
Eve ry n a tion,  like  eve ry individu al, poss e s s e s  diffe r e n t
w a n t s  a n d  c a p a bili tie s,  a n d  will d evelop  it s elf a cco r dingly. 
Diffe r e n c e s  in r eligion,  clim a t e ,  m a n n e r s ,  c u s to m s,
e t c ., will c a u s e  diffe r e nc e s  in t h ei r  a r t  a n d
lit e r a t u r e ,  t h e  m os t  las ting  m o n u m e n t s  of t h ei r  m o r als,
t a s t e ,  a n d  feelings .

[Footno t e  1:   “Rudim e n t s  of Archi t ec t u r e
a n d  Building,” t h ro u g h  cou r t e sy of H.C. 
Baird.]

It  is r a t h e r  by  t h e  s t u dy of t h e  a r t  a n d  lit e r a t u r e
of a  p eo ple  t h a t  w e  a r rive  a t  a  t r u e  knowle d g e  of
t h e m  t h a n  fro m  t h e  p e r u s al  of m e r e  his to ric  fac t s
conc e r ning  t h e m—w h e n  t h ey lived,  w ho  con q u e r e d
t h e m,  e t c .

THE STYLES.

ANCIE NT OR CLASSIC. 1 4 0 0  B.C.—3 0 0  A.D.

E gy p tian.—Ch a r a c t e ri s tics: 
sy m bolic, s eve r e ,
        si m ple,
g r a n d,  m a s sive.   Conve n tion al for m s  of lotu s,
        p a py r us ,
e t c .  Obliqu e  line s.
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Gre e k.—Ch a r a c t e ri s tics: 
a e s t h e tic,  sim ple,
        h a r m o nious,
b e a u tiful.  Conve n tion al  for m s,  a n t h e mion,
        a c a n t h u s.  
Ellips e.

Ro m a n.—Ch a r a c t e ris tics:  
e l a bo r a t e,  r ich,  cos tly. 
        Conve n tion al
for m s,  a c a n t h u s  sc roll, m o ns t e r s.   Ci rcle.

M EDIEVAL. 3 0 0  A.D.—1 3 0 0  A.D.

By za n tin e.—Sy m bolic,
r ich,  el a bo r a t e .   Conve n tion al
        for m s,
p rincip al a r c hi t ec t u r al  fea t u r e—do m e.

S arac e nic.—Gor g eo us
colo ring,  g r a c eful cu rves.  
        For m s
e n ti r ely g eo m e t ric.  Arab e s q u e,  g eo m e t rical
        t r a c e ry,
in t e rl acing.

Got hic.—Im posing,
g r a n d.   Poin t e d  a r c h e s,  clus t e r e d
        colu m n s,
vaul t e d  roof, s pi r e  b u t t r e s s .   For m s  bo t h  n a t u r al
        a n d
conve n tion al.  S t ain e d  gl a s s.

MODERN  OR RE NAISSANCE. 1 3 0 0  A.D.—1 9 0 0  A.D.

R e nais sanc e.—Mixtu r e
of clas sic  a n d  m e di a eval
        el e m e n t s .  
Res ul t  no t  g e n e r ally good.

Cinq u e c e n to.—AEst h e tic,
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r evival of t r u e  cla s sic
        p rinciple s.  
Be a u tiful c u rve s,  fine  p ro po r tions
        a n d
dis t rib u tion.   Conve n tion al a ni m al a n d  pla n t
        for m s.  
H u m a n  figu r e .

Louis  Quatorz e.—S p a rkling,
gli t t e rin g.   Abse nc e
        of
color, w a n t  of sy m m e t ry.

I. ANCIENT OR CLASSIC ART.

Ancie n t  a r t  is al so  know n  a s  cl as sic,  a  t e r m  w hich,
in  a r c hi t ec t u r e ,  s c ulp t u r e ,  p ain ting,  a n d  m u sic, is
al mos t  synony mo us  wi t h  good  a n d  ad mirable . 
Take n  a s  a  w hole  a n d  a t  i t s  b e s t ,  cl as sic  a r t  h a s  n eve r
b e e n  s u r p a s s e d .   The  d e sign s  of t h e  Gre eks,  Ro m a n s,
a n d  E gypti a ns,  a n d  eve n  t h e  for m s  of t h ei r  b uildings,
a r e  s till copie d  a t  t h e  p r e s e n t  d ay.

The  ho rizon t al  line  is a  m a r k e d  fea t u r e  of cl as sic
a r t .   I t  is visible  in t h e  lea ding  line s  of t h ei r
a r c hi t ec t u r e,  in t h e  fre q u e ncy of ho rizon t al bo r d e r s ,
frieze s,  e t c .  It  a cco r ds  a d mi r a bly wit h  t h e
con s t r u c tive  fea t u r e s  of cla s sic  a r c hi t ec t u r e ,  a n d
t h u s  confor m s  to  t h e  impor t a n t  d e co r a tive  p rinciple
t h a t  o rn a m e n t  s ho uld  e m p h a size  r a t h e r  t h a n  di sg uis e
con s t r u c tion.

1.  Egy p tian  Ar t.—The  oldes t  of w hich
w e  h ave  a ny r e co r d  d a t e s  fro m  1 8 0 0  B.C.  E gyp ti a n
a r t  is sym bolic, t h a t  is to  s ay, t h e  for ms  w e r e  chos e n
no t  so  m u c h  on  a c cou n t  of t h ei r  b e a u ty  a s  for  t h e
p u r pos e  of conveying  so m e  m e a ning.   The  gove r n m e n t
of E gypt  b eing  al mos t  e n ti r ely in t h e  h a n d s  of t h e
p ri e s t s ,  t h e s e  sy m bols  w e r e  g e n e r ally of a  r eligious
c h a r a c t er, sig nifying  pow e r  a n d  p ro t e c tion.   The
p rincip al on es  w e r e:   The  lotus ,  signifying  pl e n ty,
a b u n d a n c e;  t h e  zigz ag,  sy m bolic of t h e  rive r  Nile;
t h e  win g e d  glob e  o r  sc a r a b a e u s,  signifying  p ro t e c tion
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a n d  do minion,  u s u ally pl ac e d  ove r  doo r s  of ho us e s;
t h e  fre t ,  typ e  of t h e  Gre a t  Labyrin t h,  wi th  its  t h r e e
t hous a n d  c h a m b e r s ,  w hich  w as,  in it s  t u r n ,  sy m bolic
of t h e  life  of a  h u m a n  so ul.
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The  colu m n  o rigin a t e d  wi t h  t h e  E gyp ti a ns.   I t
w a s  a t  fir s t  h e avy, b ro a d  co m p a r e d  to  it s  leng t h,
a n d  w a s  u s u ally cove r e d  wit h  hi e ro glyphics.   The
a r c hi t ec t u r e  of E gyp t ,  of w hich  t h e  p rincip al for m s
a r e  py r a mids,  s p hinxes,  ob elisks,  a n d  t e m ples,  is
c h a r a c t e rize d  by m a s sive n e s s  of m a t e ri al, g r a n d e u r
of p ropo r tion,  a n d  sim plici ty of p a r t s—a
s tyle  w ell s ui t e d  to  i t s  fla t ,  s a n dy soil, t ho u g h
it  would  look h e avy a n d  ou t  of pl ac e  in a  cou n t ry
w h e r e  n a t u r e  h a d  h e r s elf s u p plie d  t h e  el e m e n t s  of g r a n d e u r
a n d  m a s siven e s s  in t h e  for m  of lofty m o u n t ains  o r
mig h ty for e s t s .   Egyp ti an  a r t  g r e a tly influe nc e d
all t h e  s ucc e e ding  s tyles,  a n d  to  t his  t im e  is u n s u r p a s s e d
in m a ny  of it s  q u aliti es.

2 .  Gre e k  Ar t.—The  n ext  g r e a t  his to ric
s tyle  is t h e  Gre ek.  It s  s pi ri t  diffe r e d  e n ti r ely
fro m  t h e  E gyp tia n,  b eing  a e s t h e tic  a n d  no t  sy m bolic. 
I t s  sole  ai m  w a s  to  c r e a t e  b e a u tiful for m s,  wi thou t
a ny t hou g h t  of a t t ac hing  to  t h e m  a  m e a ning.   I t
a do p t e d  m a ny Egyp tia n  for m s,  s uc h  a s  t h e  lotu s,  fr e t ,
a n d  sc roll, b u t  dives t e d  t h e m  of all sy m bolis m  o r  significa nc e.  
The  m o s t  ch a r ac t e ri s tic  fea t u r e  of Gre ek  o r n a m e n t
is t h e  a n t h e mion, a  conve n tion alized  flowe r  for m  r e s e m bling
ou r  ho n eys uckle  b u d,  w hich  w a s  u s u ally al t e r n a t e d
wi th  t h e  lotu s  o r  lily for m  b u d.   The  Gr e eks  al so
bo r row e d  t h e  colu m n  a n d  fla t  a r c h  fro m  t h e  Egyp ti ans ,
b u t  c h a n g e d  it  to  a  m o r e  sl en d er, g r a c eful for m. 
The  t h r e e  p rincip al o r d e r s  of Gr e ek  a r c hi t ec t u r e  a r e
n a m e d  fro m  t h e  s tyle  of t h e  colu m n  u s e d  t h a t  ch a r ac t e rize d
t h e m,  viz ., t h e  Corin t hi a n,  t h e  Doric, t h e  Ionic. 
Of t h e s e  t h e  Doric  is t h e  si m ple s t  a n d  t h e  Corin t hi a n
t h e  m o s t  el a bo r a t e .

For  h a r m o ny of p ro po r tions,  el e g a nc e  of for m, a n d
si m plici ty of d e t ail, Gre ek  a r c hi t ec t u r e  a n d  o r n a m e n t
h a s  p ro b a bly n eve r  b e e n  s u r p a s s e d .   Thes e  q u ali tie s
a r e  a d mi r a bly dis playe d  in t h e  Pa r t h e no n,  a  t e m ple
in Athe n s,  d e dic a t e d  to  Venus.   Thou g h  in r uin s,
it  is s till on e  of t h e  g r e a t e s t  a t t r a c tions  to  t r avele r s
in Gre e c e .   A ve ry fine  collec tion  of fr a g m e n t s
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t ak e n  fro m  it is to  b e  s e e n  in  t h e  Bri tish  M u s e u m.  
They a r e  know n  a s  t h e  Elgin  m a r ble s.

The  m o s t  flou ris hing  p e riod  of Gre ek  a r t ,  a s  will
b e  foun d  in t h e  his to ry of al mos t  all n a tions,  w a s
ide n tic al wi th  t h e  m os t  flou ris hing  p e riod  of it s
li t e r a t u r e  a n d  g e n e r al  w elfa r e .

3.  Ro m a n  Art .—In t h e  6 t h  c e n t u ry
B.C. t h e  Gre eks,  al r e a dy on  t h e  d e cline,  w e r e  con q u e r e d
by t h e  Ro m a n s,  a  n a tion  h a r die r  a n d  m o r e  pow e rful,
t hou g h  r u d e r  a n d  les s  civilize d  t h a n  t h e m s elves.  
The  con q u e ro r s  r e cog nize d  t his , a n d  im m e dia t ely s e t
to  wo rk  to  copy o r  s t e al  fro m  t h ei r  va n q uis h e d  foes
eve ry thin g  t h a t  mig h t  e n h a n c e  t h e  b e a u ty  a n d  s ple n do r
of t h ei r  ow n  ci ty.  Gre ek  a r ti s t s  w e r e  t r a n s po r t e d
to  Ro m e  a n d  pl ac e d  in  c h a r g e  of t h e  m o s t  impo r t a n t
p u blic wo rks.   Rom a n  a r t  is, cons e q u e n tly, b u t
a  d evelop m e n t  o r  a d a p t a tion  of t h e  Gre ek.   I t
is no tic e a ble,  ho w ever, t h a t  it  al mos t  co m ple t ely
igno r e d  t h e  m os t  c h a r a c t e ri s tic  a n d  po p ula r  of t h e
Gre ek  for m s—for  exa m ple,  t h e  a n t h e mion—a n d
a d a p t e d  t hos e,  s uc h  a s  t h e  a c a n t h u s  a n d  t h e  sc roll,
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w hich  h a d  b e e n  co nsid e r e d  of mino r  impor t a nc e  a m o n g
t h e  Gre eks.   They a d d e d  a no t h e r  to  t h e  t h r e e  o r d e r s
of t h e  Gr e e k  a r c hi t ec t u r e ,  vi z ., t h e  Co m posi t e ,
t h e  m o s t  el a bo r a t e  of all, b eing  a  co m bin a tion  of t h e
Ionic a n d  t h e  Corin t hi a n.   This lea d s  u s  to  consid e r
t h e  lea din g  fea t u r e s  of Ro m a n  o r n a m e n t—rich n e s s
a n d  p rofusion.   With  t h e  a c a n t h u s  a n d  sc roll a s
t h ei r  p rincip al u ni t s  of d e sign,  t h ey el abo r a t e d  a n d
e n rich e d  eve ry  for m  t h a t  wo uld  a d mi t  of it.   The
m os t  el a bo r a t e  Gr e ek  exa m ple  c a n no t  co m p a r e  in  t his
r e s p e c t  to  t h e  sim ple s t  Ro m a n.   The  Ro m a n  s tyle
of a r c hi t ec t u r e  w a s  ve ry si mila r  to  t h e  Gr e ek,  t ho u g h
m o r e  m a s sive  in its  p ro po r tions,  p ro b a bly on  a cco u n t
of t h e  la r g e r  n u m b e r  of p eo ple  to  b e  a c co m m o d a t e d .  
The  d e t ails  w e r e  al so  bold e r  a n d  t h e  cu rves  fuller. 
They u s e d  t h e  ro u n d  a r c h  to  a  g r e a t  ex t e n t .   The
colu m n  of Traja n  a n d  t h e  Fo ru m  a r e  fine  exa m ples  of
t h ei r  a r c hi t ec t u r e .

II.  MEDIAEVAL ART.

The  Ro m a n  e m pi r e,  af t e r  h aving  r eig n e d  a s  mis t r e s s
of t h e  wo rld  for  u p w a r d  of five  c e n t u ri e s,  co m m e n c e d
to  s how  sig ns  of d e c ay.  I t s  p eo ple  h a d  g r a d u ally
los t  t h e  s t u r dy s pi ri t  of ind e p e n d e nc e,  e n d u r a n c e ,
a n d  cou r a g e  w hich  h a d  ch a r a c t e rize d  t h ei r  for efa t h e r s,
a n d  h a d  d e g e n e r a t e d  into  a  r a c e  of effe min a t e  sl aves
a n d  cow a r d s .   Os t e n t a tion  b e c a m e  t h e  fea t u r e  of
t h ei r  a r t ;  im mo r ality a n d  luxu ry, of t h ei r  m o d e  of
living.   They t h u s  fell a n  e a sy p r ey  to  t h e  r u d e
b u t  vigo rou s  b a r b a ri a n s  of t h e  No r t h.   The  la t t er,
r u d e  a n d  u ncivilized  a s  t h ey  w e r e ,  ex t e n d e d  t h e  con t e m p t
t h ey h a d  for  t h e  n a tion  t h ey  h a d  con q u e r e d  to  t h ei r
wo rks  of a r t  a s  w ell, a n d  m u tila t e d  o r  d e s t roye d  t h e m
w h e n eve r  t h ey co uld  lay h a n d s  on  t h e m.

This  s pi ri t  of a n t a go nis m  w a s  s t r e n g t h e n e d  u po n  t h ei r
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conve r sion  to  Ch ris ti a ni ty, a n d  eve ryt hin g  t h a t  s avor e d
of p a g a nis m  in a r t  o r  li t e r a t u r e  w a s  s eve r ely p ros c rib e d.  
For  t h e  h e a t h e n  for m s,  w hos e  only ai m  a n d  objec t  w a s
b e a u ty, w e r e  s u bs ti t u t e d  r eligious  sy m bols, t h e  c ro ss
a n d  o th e r  imple m e n t s  of t h e  p a s sion,  t h e  lily, t h e
fish,  t h e  a u r eole,  e t c ., w hos e  objec t  w a s  to
r e c all to  t h e  fai t hful t h e  mys t e ri e s  of r eligion.  
Gr a d u ally, ho w ever, a s  t h e  a r ti s tic  feelings  of t h e
n e w  p e ople  b e c a m e  a w a k e n e d,  p rinciple s  of b e a u ty  co m m e n c e d
to  b e  r e g a r d e d,  a n d,  w hile  sy m bolis m  r e m ain e d  a n  impo r t a n t
fea t u r e  of E u rop e a n  a r t  u n til t h e  p e riod  of t h e  Re n ais s a n c e ,
a n d  eve n  t h e n  w a s  no t  e n ti r ely s u p e r s e d e d,  m a g nifice n t
a r t is tic  r e s ul t s  w e r e  ob t ain e d.

1.  By zan tin e  Ar t.—The  p rincip al
of t h e  e a rly m e dia ev al a r t  d evelop m e n t s  w a s  t h e  Byza n tine .  
I t  flou ris h e d  p rincipally in t h e  e a s t e r n  p a r t  of E u ro p e.  
In  t h e  w e s t  it w a s  know n,  wi th  a  few va ri a tions,  a s
t h e  Lom b a r d  a n d  t h e  N o r m a n.   All t h r e e  a r e  of t e n
includ e d  u n d e r  t h e  t e r m  Rom a n e s q u e .
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Byza n tin e  a r t  w a s  e s s e n ti ally Ch ris ti an  in it s  s pi ri t
a n d  m o tives.   I t  u s e d  r eligious  sy m bols  ex t e n sively,
b u t  inco r po r a t e d  in i ts  o r n a m e n t  a  few p a g a n  el e m e n t s,
s uc h  a s  t h e  a c a n t h u s  a n d  t h e  s c roll.  N a t u r al  for m s
w e r e  alw ays  conve n tion ally t r e a t e d .   I t s  colo ring
w a s  r ic h  a n d  go r g eo u s.   The  p rincipal fea t u r e s
of it s  a r c hi t ec t u r e  w e r e  t h e  do m e  a n d  ro u n d  a r c h .  
The  pla n  of t h e  c h u r c h e s  w a s  oft e n  in  t h e  for m  of
a  Gre ek  o r  La tin  c ros s,  wi t h  t h e  do m e  pl ac e d  ove r
t h e  in t e r s e c tion  of t h e  t wo  a r m s.   The  c h u r c h  of
S t .  So p hia,  in  Cons t a n tinople,  is t h e  m os t  m a g nificen t
exa m ple  of Byza n tine  a r c hi t ec t u r e  a n d  o r n a m e n t .  
Althou g h  now  a  Mo h a m m e d a n  m os q u e,  it  is, p rob a bly,
in  t h e  m o tive  a n d  s pi ri t  t h a t  a c t u a t e d  it s  cons t r u c tion,
t h e  m o s t  Ch ris ti a n  b uilding  in t h e  wo rld.

2.  S arace nic Ar t.—Develop e d  fro m
t h e  Byza n tine  by  t h e  Moor s  a n d  t h e  S a r a c e n s .  
I t  diffe r s  fro m  it, how ever, in on e  impor t a n t  r e s p e c t .  
While  t h e  Byza n tine  m a k es  u s e  of n u m e ro u s  conve n tion alized
pla n t  a n d  a ni m al for m s,  t h e  S a r a c e n s  a n d  Moor s  w e r e
forbidd e n  by t h ei r  r eligion,  t h e  Moh a m m e d a n,  to  copy
in a ny m a n n e r  t h e  for m  of a ny living  t hing,  a ni m al
o r  veg e t a ble.   They w e r e  t h us  limit e d  e n ti r ely
to  g eo m e t ric  for m s,  w hich,  ho w ever, oft e n  fall ins e nsibly
in to  flow e r  a n d  leaf for m s.   In t e rlacing  b a n d s
a n d  c u rves  of in t ric a t e  p a t t e r n ,  a n d  exhibi ting  t h e
p ec ulia r  Moo rish  cu rve,  a r e  ve ry c h a r ac t e ri s tic  of
S a r a c e nic  o r n a m e n t.   Insc rip tions  w e r e  fre q u e n tly
in t e r wove n  in t his  t r a c e ry.

The  colo ring  w a s  go r g eo u s,  consis ting  p rincip ally
of blu e ,  r e d,  a n d  gold.

The  p rincip al a r c h e s  u s e d  w e r e  t h e  poin t e d  a n d  t h e
ho r s e s ho e  a r c h .   The  Alha m b r a  Palace  in  S p ain
is t h e  m os t  famou s  ex a m ple  of S a r a c e nic  o r n a m e n t  a n d
a r c hi t ec t u r e.

3.  Gothic  Ar t .—Gothic  a r t  g r e w  ou t
of t h e  Byza n tine ,  all t h e  sy m bolic el e m e n t s  b ein g
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r e t ain e d.   I t  is divide d  in to  m a ny  diffe r e n t  va ri e ti es.

In  t h e  e a rlie s t  t h e  ro u n d  a r c h  w a s  u s e d,  b u t  t h e  la t e r
a n d  m o r e  p e rf ec t  s tyle s  h aving  e m ployed  t h e  poin t e d
a r c h  al mos t  exclusively, t h e  la t t e r  b e c a m e  c h a r a c t e ris tic
of Gothic a r t  g e n e r ally.  I t  is a  s tyle  of a r c hi t ec t u r e
a n d  o r n a m e n t  u s u ally a p plied  to  c h u r c h e s,  a n d  w ell
a d a p t e d  to  m ois t  a n d  cold  clim a t e s  on  a c cou n t  of t h e
sloping  roof.  Clus t e r e d  colu m n s,  t h e  s pi r e  o r
b elfry, t h e  a r c h e d  roof, a n d  t h e  division  of t h e  in t e rio r
in to  n av e,  t r a n s e p t ,  a n d  c hoir, a r e  lea ding  fea t u r e s .  
N a t u r al  a s  w ell a s  conve n tion al t r e a t m e n t  of pl a n t s
is a no t h e r  impo r t a n t  ch a r ac t e ris tic.

[Illus t r a tion]

The  Gothic  s tyle  flou rish e d  p rincip ally in  E n gla n d,
F r a nc e ,  a n d  p a r t s  of Ge r m a ny.  N e a rly all t h e
p rincip al c a t h e d r als  a n d  c h u rc h e s  in  t h e s e  cou n t ri e s,
a n d  m a ny  in ou r  ow n,  a r e  b uil t  af t e r  t his  s tyle.  
The  m o s t  b e a u tiful exa m ple  in t hi s  cou n t ry  is S t .
Pa t rick’s Ca t h e d r al, in N e w  York.  The  fines t
s p eci m e n  in t h e  wo rld  is p ro b a bly t h e  Ca t h e d r al  of
Cologn e,  w hich  w a s  co m m e nc e d  in t h e  1 4 t h  c e n t u ry,
b u t  w a s  no t  co m ple t e d  u n til m a ny  ye a r s  la t er.

III.  MODERN ART.
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In  t h e  1 5 t h  c e n t u ry a  r e m a rk a ble  r evival occ u r r e d
in li t e r a t u r e  a n d  t h e  fine  a r t s ,  s howin g  a  d e cide d
t e n d e n cy to  r e t u r n  to  t h e  old  cla s sic  ide as  of t h e
Gre eks  a n d  Ro m a n s.   Afte r  a n  al mos t  co m ple t e  n e glec t,
w hich  las t e d  for  c e n t u ri e s,  a r ti s t s  a n d  m e n  of le t t e r s
t u r n e d  t h ei r  a t t e n tion  to  t h e  long  n e glec t e d  r elics
of p a g a n  civiliza tion  a s  wor t hy of s t u dy for  t h ei r
in t rin sic  b e a u ty alon e.   Sy m bolis m  w a s  r el e g a t e d
to  a  mino r  posi tion,  a n d  b e a u ty w a s  onc e  m o r e  cul tiva t e d
for  i t s  ow n  s ak e.   This  e poc h  is t e r m e d  t h e  Re n aiss a nc e— w hich
lit e r ally m e a n s  a  r e bi r t h  o r  r evival.

1 .  R e nais sanc e  S t yle .—The  t e r m  Ren ais s a n c e
is al so  a p plied  to  on e  of t h e  e a r ly s tyles  w hich  c a m e
into  vogu e  a t  t his  tim e.   I t  flou ris h e d  p rincip ally
in so u t h e r n  E u ro p e.   I t  is no t  a  p u r e  s tyle,  b u t
m a r ks  a  t r a n si tion  p e riod  fro m  t h e  old  pop ula r  Gothic
a n d  S a r a c e nic  for m s  to  t h e  r evivified  cla s sic.  
I t  n a t u r ally exhibi t s  a  q u e e r  mixtu r e  of conflic ting
el e m e n t s—clas sic  a n d  m e dia eval t h row n  tog e t h e r
wi tho u t  m u c h  r e g a r d  to  p rop rie ty o r  fitne s s.   I t
s till s how e d  t r a c es  of sy m bolis m.

2.  T h e  Cinq u e c e n to  S t yl e.—The  Re n aiss a nc e
r e a c h e d  it s  m os t  p e rfec t  d evelop m e n t  in t h e  Cinq u e c e n to
o r  t h e  1 5 t h  c e n t u ry s tyle.   I t  follow e d  t h e  Qu a t roc e n to
o r  1 4 t h  c e n t u ry s tyle.   E n ti r ely u n t r a m m ele d  by
sy m bolis m, a n d  wi th  t h e  w hole  field of cla s sic  a n d
m e di a ev al o r n a m e n t  to  gl e a n  fro m,  it s  ai m  w a s  to  d evelop
a  p e rfec t  s tyle  of o r n a m e n t .   The  b e s t  ex a m ples
of t his  p e r iod  a r e  foun d e d  on  t h e  so u n d e s t  p rinciples
of o r n a m e n t al  a r t .   N o t hing  t h a t  could  b e  t u r n e d
into  a n  el e m e n t  of b e a u ty w a s  n e glec t e d .   Anim als,
r e al  a n d  ficti tious,  flow e r s,  le aves,  frui t ,  t h e  h u m a n
for m, e t c ., w e r e  conve n tion alize d  a n d  m a d e  to
con t ribu t e  t h ei r  p a r t  to  e n h a n c e  t h e  b e a u ty  of t h e
w hole.   So m e  of t h e  p rincip al c h a r a c t e ris tics  of
t h e  Cinq u e c e n to  s tyle  a r e  t h e  d elica t e  a r a b e s q u e  sc roll
wo rk,  t h e  p rofusion  a n d  b e a u ty  of t h e  c u rve s,  it s
a d mi r a ble  va ria tions  of s t a n d a r d  cla s sic  o r n a m e n t s ,
s uc h  a s  t h e  a n t h e mion  a n d  sc roll.  The  colo ring,
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al so, w a s  on e  of i ts  m os t  pl e a sing  fe a t u r e s .  
This  s tyle  flou ris h e d  p rincip ally in It aly a n d  F r a nc e .  
Fa r n e s e  Palac e  a n d  t h e  to m b s  of t h e  M e dicis  a r e  no t e d
exa m ples.

3.  T h e  Louis  Quatorz e.—This  s tyle
s ucc e e d e d  t h e  Cinq u e c e n to,  b u t  w a s  fa r  infe rio r  to
it.  I t  a ro s e  in It aly, a n d  w hile  p r e s e rving  g e n e r ally
t h e  m a t e ri als  of t h e  s tyle  t h a t  p r e c e d e d  it, i t  a d d e d
a s  c h a r a c t e ri s tic  fea t u r e s  t h e  sc roll a n d  t h e  s h ell. 
I t s  p rincip al objec t  w a s  to  c r e a t e  b rillian t  a n d  s t a r tling
effec t s  in ligh t  a n d  s h a d e.   Color  w a s,  in co ns e q u e n c e,
d ecide dly s e con d a ry, gilding  b ein g  u s e d  eve ryw h e r e .  
The  Palac e  of Vers ailles,  n e a r  Pa ris,  is a  go r g eo us
exa m ple  of t hi s  s tyle.  Eve ry thing  in i t is gli t t e rin g
a n d  s p a rkling.   Mir ro r s  a r e  eve ryw h e r e  pl ac e d  to
in t e n sify t hi s  effec t .   This  s tyle  w a s  follow e d
by t h e  Louis  Quinze,  infe rio r  to  it  in  eve ry r e s p e c t ,
a n d  in w hich  sy m m e t ry, a t  le as t  in d e t ail, s e e m s  to
b e  c a r efully avoide d.   I t  s t ill fu r t h e r  d e g e n e r a t e d
in to  t h e  Rococo, t h e  m o s t  ex t r ava g a n t  a n d  exa g g e r a t e d
of all t h e  his to ric  s tyles,  a n d  w hich  p r ev ailed  in
t h e  la t t e r  p a r t  of t h e  1 8 t h  a n d  t h e  b e gin ning  of t h e
1 9 t h  c e n t u ry.
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The  p r e s e n t  c e n t u ry c a n no t  bo a s t  of a ny g r e a t  c h a r a c t e ris tic
s tyle  in ei t h e r  a r c hi t ec t u r e  o r  o r n a m e n t.   Whe t h e r
it  is only in  a  cou r s e  of d ev elop m e n t,  a n d  w h a t  will
b e  t h e  r e s ul t s,  tim e  only c a n  s how.  All s tyles
a r e  now  in vogu e,  h e n c e  t h e  impo r t a n c e  of a c c u r a t e
knowled g e  on  t h e  s u bjec t .   To b e  a bl e  to  judg e
of a n d  a p p r e ci a t e  t h e  b e s t ,  a n d  to  p rofit  by  t h e  labo r s
of t hos e  go n e  b efor e  u s ,  a t  t h e  s a m e  ti m e  imp a r tin g
individu ali ty a n d  c h a r a c t e r  to  ou r  ow n  d e sign,  s ho uld
b e  t h e  ai m  a n d  objec t  of t h e  s t u dy of d e co r a tion,
a n d  it  s hould  e n t e r  in to  a ny sc h e m e  of g e n e r al  e d uc a tion
a n d  c ul tu r e .—Journal of  E d uca tion .

*       *       *       *  
    *

THE MONTAUD ACCUMULATOR.

This  a cc u m ula to r  is of t h e  Pla n t e  typ e,  a n d  is m o dified
so  a s  to  ob t ain  a  m o r e  r a pid  for m a tion,  a  la rg e r  s u rfac e,
a n d  a  sy m m e t ric al dis t a n c e  of t h e  pl a t e s  fro m  e a c h
o th er.  If in to  a n  alk aline  b a t h  s a t u r a t e d  wi th
lith a r g e  (ad d e d  in exc es s) w e  plu n g e  t wo  lea d  el ec t rod es
a n d  p a s s  in  a  c u r r e n t  of s ui t a ble  t e n sion  a n d  in t e n si ty,
t h e r e  is d e posi t e d  u po n  t h e  a no d e  a  laye r  of p e roxide
of lea d  va rying  in t hickn e s s  wi th  t h e  in t e nsi ty of
t h e  cu r r e n t ,  a n d  m o r e  o r  les s  r ich  in oxyge n  a cco r ding
to  t h e  in t e n si ty of t h e  b a t h ,  w hile  t h e  c a t ho d e  is
cove r e d  wi th  a  s t r a t u m  of r e d u c e d  lea d.   The  liquid
of t h e  b a t h  s u p plies  m a t e ri al for  bo t h  d e posi t s,  w hile
in g alva nopla s tic  op e r a tions  t h e  a no d e  s u p plies  it
to  t h e  c a t hod e.   The  p rinciple  of t h e  for m a tion
con sis t s  in in t rod u cing  in a n  efficacious  m a n n e r  cu r r e n t s
of a  g r e a t  in t e nsi ty, a n d  t h us  a b ridging  it s  d u r a tion.

Of t wo  pla t e s  t h u s  t r e a t e d ,  t h e  on e  b e co m e s  posi tive,
a n d  is cove r e d  wi th  a  t hick laye r  of p e roxide  of le a d.  
On  leaving  t h e  b a t h  i t u n d e r go e s  va rious  p r e p a r a tions
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a n d  s eve r al  w a s hings,  a n d  is t h e n  fit to  b e  m o u n t e d
alon g  wi th  o t h e r s  to  for m  a n  a cc u m ula to r  r e a dy to
b e  c h a r g e d  a n d  to  wo rk.   The  s eco n d,  o r  n e g a tive,
pl a t e  is cove r e d  wi th  a  t hick  s po n g e  of lea d.  
I t  is c a r efully w a s h e d,  p r e s e rve d  in w a t e r  wi th  exclusion
of air, a n d  s u b mi t t e d  to  a  ve ry co nsid e r a ble  p r e s s u r e.  
Afte r  t his  op e r a tion  it  p r e s e n t s  t h e  a p p e a r a n c e  of
o r din a ry s h e e t  le a d,  b u t  t hou g h  t h e  p hysical po rosi ty
h a s  dis a p p e a r e d ,  t h e  c h e mic al po rosi ty is in t ac t ,
a n d  t his  alon e  co m e s  in to  pl ay in a cc u m ula to r s.  
Whe n  a  n e g a tive  pl a t e  is cons t r uc t e d  in t his  m a n n er,
it  is r e a dy to  b e  co m bin e d  wi t h  t h e  posi tives  to  for m
a n  a cc u m ula tor.

The  inve n to r  h a s  so m e ti m e s  p u t  in to  t h e  b a t h  a t  t h e
posi tive  pole  n e g a tive  pl a t e s  p r e p a r e d  a s  jus t  d e s c ribe d.  
They b eco m e  ve ry e a sily p e roxidized,  b u t  t h ey  h ave
t h e  g r ave  d efec t  of r e q ui ring  t wo  p r e p a r a tions  in pl ac e
of on e.   To s ec u r e  a n  a cc u m ula to r  a g ains t  a ny
leak a g e  fro m  pla t e ,  t h e  sold e rin gs  a n d  t h e  e n ti r e
pl a t e s  m u s t  b e  s u b m e r g e d  in t h e  liquid,  so  t h a t  no t hing
p rojec t s  u p  ou t  of t h e  a cidula t e d  w a t e r  exc e p t  t wo
s t ro n g  ro ds  for  m a king  con t ac t .   The s e  ro ds  a r e
cove r e d  wi th  a n  ins ula ting  va r nis h  fro m  t h ei r  o rigin
to  a bove  t h e  poin t  w h e r e  t h ey issu e  fro m  t h e  liquid.  
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The  pla t e s  a r e  of a  r e c t a n g ula r  for m  (Fig.  1). 
They a r e  slop e d  ou t  a t  on e  co r n er, a n d  a s  t wo  pl a t e s
in juxt a posi tion  a r e  cu t  tog e t h er, w h e n  t h ey a r e  s e p a r a t e d
t h e  sloping  ou t  of t h e  on e  s e rves  for  t h e  h a n dle  of
t h e  o t h er.  This  h a n dle  is do u ble d  b ack  on  t h e
pla t e  w hich  is s u s p e n d e d  in t h e  b a t h ,  so  t h a t  t h e  p a r t
w hich  h a s  to  b e  sold e r e d  do e s  no t  u n d e r go  a ny p r e p a r a tion.  
A hole  pi e rc e d  in  t his  co r n e r  of t h e  pl a t e  s e rves
to  r e c eive  a  s q u a r e  ro d  of lea d,  w hich  con n e c t s  t h e
pla t e s  tog e t h e r  a n d  s u p po r t s  on e  of t h e  pole s  o r  con t ac t s
of t h e  a cc u m ul a tor.  At t h e  poin t  of solde ring
t h e  do u ble d-do w n  h a n dle  gives  a  do u ble  t hickn es s,
a n d  t h e  m a r gin s  of t h e  pl a t e  a r e  folde d  in s uc h  a  m a n n e r
a s  to  insu r e  t h ei r  solidi ty.

[Illus t r a tion:  FIG. 1.]

The  slop e d  ou t  co r n e r  affo r ds  t h e  fr e e  s p a c e  n e c e s s a ry
for  t h e  ro d  of t h e  opposi t e  pole,  a n d  on e  a n d  t h e
s a m e  pl a t e  m ay  b e  indiffe r e n tly con n e c t e d  ei t h e r  to
t h e  +  o r  t h e  — a t  t h e  rig h t  o r  t h e  lef t.  
The  pla t e s  a r e  m a d e  of fou r  diffe r e n t  size s:  
No.  1 ,  1 9  of w hich  s e rve  for  a n  a cc u m ula to r  of 1  s q u a r e
m e t e r ;  No.  2 ,  2 1,  2 5,  o r  2 9  of w hich  s e rve  for  a cc u m ul a to r s
of 2 ,  3 ,  a n d  4  s q u a r e  m e t e r s;  No. 3 ,  w hich  wi t h  2 1,
2 5,  o r  2 9  pl a t e s  co m pos e s  a c c u m ula to r s  of 5 ,  6 ,  a n d
7  s q u a r e  m e t e r s ;  a n d  No. 4 ,  w hich  wi t h  2 1,  2 3,  2 5,
2 7  o r  2 9  pl a t e s  for m s  a cc u m ula to r s  of 8 ,  9 ,  1 0,  1 1,
a n d  1 2  s q u a r e  m e t e r s.

As t h e  pl a t e s  a r e  e n ti r ely s u b m e r g e d  in t h e  liquid
t h ei r  e n t i r e  s u rfac e  is a c tive,  a n d  t h e  e n ti r e  s u rf ac e
b ein g  a b s olu t ely fla t,  i t  is s ufficien t  to  p r e s e rve
t h ei r  r e s p e c tive  di s t a n c e  a t  a ny on e  poin t  in  o rd e r
to  h ave  it eve ryw h e r e  alike.   The  w eigh t  of t h e
pla t e  d e p e n d s  on  t h e  in t e n d e d  d u r a tion  of t h e  pl a t e
a n d  it s  c a p a ci ty.  As for  t h e  n e g a tive  pl a t e ,  it s
t hickn es s  is t h e  m o s t  impo r t a n t  fac to r  of its  c a p aci ty. 
The  p ro po r tion  h a s  ye t  to  b e  e s t a blish e d  for  d aily
p r a c tic e.   The  inve n to r  u s e s  in  p r a c tice  posi tive
pla t e s  of 0 .0 02  m e t e r  in t hickn es s.   On  t h e  o th e r
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h a n d,  t h e  n e g a tive  pl a t e s  h ave  a  bo dy of only 0.00 1
m e t e r  in t hickn e s s,  t h ei r  g r e a t e r  t hickn e s s  b eing
d u e  only to  t h e  d e posi t  of co m p r e s s e d  lea d.   The
ro d  w hic h  fixes  t h e  pl a t e  to  e a c h  pole  (Fig. 2) is
for m e d  of a  s p ecial alloy of lea d  a n d  a n ti mony, no t
a t t a ck e d  by a cid.   This  gives  ri gidi ty to  t h e  ro d,
a n d  hind e r s  it  fro m  binding  w h e n  t h e  a cc u m ula to r  is
t ak e n  ou t  of i ts  c a s e .   The  cop p e r  pi ec e  w hic h
s u r m o u n t s  it  is fi t t e d  a t  i ts  b a s e  wi th  a n  iron  c r a m p,
w hich  is fixed  in  t h e  lea d,  a n d  a bove  w hich  is a  wid e
fur row  with  t wo  g roove d  p a r t s ,  w hich  b ein g  im m e r s e d
in t h e  le a d  hin d e r s  t h e  copp e r  fro m  slipping  ro u n d
u n d e r  t h e  a c tion  of t h e  sc r ew.  The  ro d  is s q u a r e ,
a n d  is c a s t  in a  single  pi ec e.   Again s t  on e  of
it s  s u rfac es  t h e  e n d s  of t h e  con n e c t e d  pl a t e s  p r e s s
fla tly u p .   A s q u a r e  for m  h a s  b e e n  s elec t e d  to
give  m o r e  s u rfac e  for  sold e ring.   The  sold e rin g
is a u to g e no us  (as  in  t h e  le a d  c h a m b e r s  a t  vit riol works). 
The  sold e ring,  a s  w ell a s  t h e  e n ti r e  pl a t e s,  is e n ti r ely
im m e r s e d  in t h e  liquid,  a n d  to  p r eve n t  a ny leak a g e
a n  insula ting  va r nis h,  p e rfec tly p roof a g ain s t  t h e
a cid  a n d  t h e  c u r r e n t ,  is laid  ove r  t h e  ro d  fro m  t h e
p a r t  sold e r e d  u p w a r d .
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[Illus t r a tion:  FIG. 2.]

If it  is wish e d  to  lift t h e  a c c u m ula to r  fro m  its  ch e s t
for  a ny ve rifica tion,  hooks  p a s sin g  b e t w e e n  t h e  pl a t e s
s eize  hold  of t h e  ro ds,  a n d  t h a nks  to  t h e  r igidi ty
of t h e  a n ti mo ny le ad,  t h ey effec t  t h e  r e m oval of t h e
a p p a r a t u s  wi t ho u t  b e n ding  t h e  ro ds  in t h e  le as t .  
All t h e  p a r t s  of t h e  pl a t e s  m u s t  b e  ke p t  a t  exac tly
t h e  s a m e  r ecip roc al  dis t a nc e s,  a n d  a  diffe r e nc e  of
only 0.00 1  m e t e r  b e t w e e n  t wo  poin t s  is s ufficie n t  to
affec t  t h e  yield  conside r a bly.  For  a n  insula ting
m a t e ri al, wood,  w h e n  plu n g e d  in dilu t e  a cid,  is p r efe r r e d
by t h e  inve n tor.  H e  m a k e s  a  co m b  of wood,  t h e
t e e t h  of w hich  va ry a cco r ding  to  t h e  t hickn e s s  of t h e
pla t e s  to  b e  lodg e d  b e t w e e n  t h e m.   Fig.  3  r e p r e s e n t s
a  co m b  h aving  1 5/10  of a  millim e t e r  for  t h e  n e g a tive
pla t e s  a n d  2 5/10  for  t h e  posi tive  pl a t e s.

[Illus t r a tion:  FIG. 3.]

This  a p plia nc e,  w hich  is 0 . 01  m e t e r  in t hickn es s  a n d
0.02  m e t e r  in wid t h  in t h e  b a ck,  is m a d e  ve ry c h e a ply
by m a c hin e ry.  The  w eig h t  of t h e  a cc u m ula to r  b e a r s
e n ti r ely u po n  t h e  b a ck  of t h e  co m b s,  w hich  a r e  all
pl ac e d  b ack  do w n w a r d,  a n d  t h e  n u m b e r  of w hich  va rie s
a c co r din g  to  t h e  size  of t h e  pl a t e s.   S m all co m b s
of wood  cla s p  t h e  pl a t e s  a t  t h ei r  ex t r e mi tie s,  a n d
m a k e  t h e  e n ti r e  a cc u m ula to r  q ui t e  co m p a c t  a n d  m a n a g e a ble.  
The  e n ti r e  a cc u m ula to r  is s h u t  u p  in  a  wood e n  c h e s t ,
w hich  t h e  ou t e r  t e e t h  of t h e  co m b  s e rve  to  ins ula t e
fro m  t h e  le a d e n  c h e s t ,  a n d  to  p r ev e n t  a ny loss  of el ec t rici ty
alon g  t h e  side s.

Fig.  4  s how s  t h e  a r r a n g e m e n t  of t h e  sid e  co m b s.  
A single  gl a nc e  a t  t his  figu r e  s how s  t h a t  it  would
b e  difficul t  to  h av e  m o r e  s u rfac e  wi thou t  h aving  r ecou r s e
to  c u rve d,  u n d ula t e d,  o r  folde d  pl a t e s,  in w hich  t h e
dis t a n c e s  a r e  va ria bl e,  a n d  cons e q u e n tly d efec tive.  
In  t h e  Mo n t a u d  a cc u m ula tor, t h e  w eig h t  is sim ply p ro po r tion al
to  t h e  in t e n d e d  d u r a tion.   For  t h e  no tion,  “So
m u c h  c a p a ci ty a n d  so  m u c h  yield  p e r  kilo.,” Mon t a u d
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s u b s ti t u t e s  t h e  no tion,  “So m u c h  c a p a ci ty o r
yield  p e r  s q u a r e  m e t er, t h e  w eig h t  no t  b eing  t ak e n
into  conside r a tion.”  Thes e  Mon t a u d  a cc u m ul a to r s
a r e  cla s sified  a s  follows:  They h ave  fro m  1  to
1 2  s q u a r e  m e t e r s  of s u rf ac e,  a n d  t h e  n u m b e r  co r r e s po n ding
to  t h e  s u rf ac e  indica t e s  it s  w eig h t  of u s eful lea d,
it s  m a n n e r  of c h a r gin g,  it s  c a p aci ty, a n d  its  m a n n e r
of disc h a r g e .

[Illus t r a tion:  FIG. 4.]

Accor din g  to  t h e  inve n to r’s exp e ri m e n t s,  t h e
s q u a r e  m e t e r  of a c tive  s u rfac e  c a n  r e c eive  a  c h a r ging
c u r r e n t  of 1 0  a m p e r e s ,  a n d  fu rnish  on  di sc h a r ging  a
c u r r e n t  of t h e  in t e n si ty of 2 0  a m p e r e s .   For  a
“No. 1 0”  a c c u m ula to r  w e  h av e  a n  a c tive
s u rfac e  of 1 0  s q u a r e  m e t e r s ,  a  c h a r ging  c u r r e n t  of
1 0 0  a m p e r e s ,  a n d  on  disch a r ging  a  c u r r e n t  of 2 0 0  a m p e r e s.  
A s q u a r e  m e t e r  of le a d  of t h e  t hickn e s s  of 0 .0 01  m e t e r
w eig hs  a bo u t  1 1  kilos.
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As bo t h  s u rf ac e s  of t h e  lea d  a r e  u tilized,  t h ei r  w eigh t
is r e d u c e d  to  5 1/2  kilos.   A No. 1 0  t h e r efo r e
r e q ui r e s  5 5  kilos.  of u s eful lea d.   I t  will b e
s e e n  t h a t  to  inc r e a s e  t h e  t hickn e ss  of t h e  s h e e t  of
lea d  m e r ely a u g m e n t s  t h e  d u r a tion  of t h e  a cc u m ula tor,
wi tho u t  affec ting  its  c a p a ci ty o r  it s  m a n n e r  of c h a r ging
a n d  disc h a r gin g.   N os.  1 ,  2 ,  3 ,  a n d  4  m ay  b e  pl ac e d
in vess el s  of s to n e w a r e ,  gl a s s,  o r  e bo ni t e ,  o r  in
boxes  of pi tch  pin e,  p ain t e d  wi th  t h r e e  coa t s  of g u m
lac  a n d  line d  wi th  s h e e t  lea d.   N os.  5  to  1 2  a r e
only s e n t  ou t  in pi tc h  pine  boxes  line d  wi th  lea d.  
The  box is s u p po r t e d  on  fee t  of po rc el ain  of t h e  s h a p e
of a  m u s h roo m.  If a  d ro p  of w a t e r  falls u po n
t his  foot, i t c a n no t  give  a  co m m u nic a tion  wit h  t h e
e a r t h,  sinc e,  falling  u po n  t h e  b ro a d  p a r t  of t h e  m u s h roo m,
it  will glide  off wit ho u t  r u n nin g  alon g  t h e  foot,
w hich  s e rves  a s  t h e  s t alk of t h e  m u s h roo m.   A slip
of gl a s s  is pl ac e d  u n d e r  e a c h  foot; t h e  p a r t  w hich
s u p po r t s  t h e  m u s h roo m  is cove r e d  wi th  a n  insula ting
va r ni sh,  w hic h  p r eve n t s  t h e  for m a tion  of climbing  s al t s
a n d  p r e s e rve s  t h e  sc r e w s  fro m  r u s t .   A co m mo n  laye r
of ins ula ting  va r nis h  is a p plied  u n d e r  t h e  h e a d  of
t h e  m u s h roo m.

As r e g a r d s  t h e  a dv a n t a g e s  of t h e  Mo n t a u d  a c c u m ula to r
w e  no tice,  fi r s t ,  it s  long evity.  Dr. D’Arsonval
poin t s  ou t  t h a t  t h e  a cc u m ula to r s  of t h e  Pla n t e  cla s s
h ave  a  g r e a t  a dv a n t a g e  ove r  t h e  Fa u r e  typ e  a s  r e g a r d s
d u r a tion,  a n d  t h a t  t h e  m o s t  s t riking  q u ali ty of t h e
Mo n t a u d  a cc u m ula to r  is it s  long evity.  The  inve n to r
h a s  in  his  pos s e s sion  posi tive  pl a t e s,  five to  six
ye a r s  old, co m ple t ely p e roxidized,  t ho u g h  t h e r e  r e m ains
in t h e  in t e rio r  a  t hin  co r e  of m e t allic le a d  s ufficie n t
to  give  p a s s a g e  to  t h e  cu r r e n t .   The  a d h e sion  of
t h e  p e roxide  is s uc h  t h a t  to  d e t a c h  it, i t  m u s t  b e
b e a t e n  wi t h  a  h a m m e r  u po n  a n  a nvil.  The  n ex t
fou r  poin t s—i.e., t h e  r a pidi ty of ch a r g e;
t h e  yield,  m u c h  g r e a t e r  t h a n  t h a t  of a ny o t h e r  sys t e m
in p ropo r tion  to  it s  s u rf ac e;  it s  s m all w eigh t  in
co m p a rison  wi th  it s  yield; a n d  it s  c a p a ci ty, w hich
for  a n  e q u al  w eig h t  is g r e a t e r  t h a n  t h a t  of a ny o t h e r
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a c c u m ula tor.  In  his  exp e ri m e n t s  in S e p t e m b er,
1 8 8 5,  Dr. D’Arsonval ob t ain e d  wi th  a n  a cc u m ul a to r
of 2  s q u a r e  m e t e r s  of s u rfac e:  

    Us eful c a p a ci ty        4 0
a m p e r e  ho u r s .  
    Total                  6 2
  "      "
    S u rf ac e                  2
s q u a r e  m e t e r s
    Ch a r g e                  1 0
a m p.  p e r  s q.  m e t er. 
    Disch a r g e               2 0
 "    "        "
    Us eful w eigh t  of le a d   1 0
kilos.

Re p r e s e n tin g  a  to t al  c a p a ci ty of six a m p e r e  ho u r s
p e r  kilo., a n d  of a  disch a r g e  of 5  a m p e r e s  p e r  kilo.,
o r  a  to t al  c a p a ci ty of 8 1  a m p e r e  ho u r s  p e r  s q u a r e
m e t er, a n d  a  u s eful c a p aci ty of 2 0  a m p e r e  ho u r s  p e r
s q u a r e  m e t er.  S u b s e q u e n tly t h e  m o difica tion  of
t h e  n e g a tive  pl a t e  h a s  g r e a tly imp rove d  t h e s e  figu r e s ,
w hich  will c e r t ainly b e co m e  m u c h  m o r e  a dva n t a g eo u s
in fu tu r e .   The  to t al  c a p a city of a n  a cc u m ula to r
h aving  ex ac tly 1 3/4  m e t e r s  of s u rf ac e  h a s  b e co m e  8 7
a m p e r e  ho u r s ,  w hich  if r efe r r e d  to  a n  a cc u m ula to r  of
2  s q u a r e  m e t e r s  of s u rf ac e ,  would  give  t h e  following
r e s ul t s:  
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    Us eful w eigh t  of le a d  p e r
s q.  m e t e r            5 1/2    kilos.  
    Total c a p a ci ty of u s eful le a d
p e r  kilo        9 .1   a m p.  hr. 
    Total c a p a ci ty p e r  s q.  m e t e r
                5 0       "
    Us eful c a p a ci ty of p e r  kilo
of u s eful le a d     6 .23    "
    Us eful c a p a ci ty p e r  s q u a r e
m e t e r              3 4.3 0    "
    Cu r r e n t  of c h a r g e  p e r  s q u a r e
m e t e r            1 0     a m p.  
    Cu r r e n t  of c h a r g e  p e r  kilo,
of u s eful le a d     2      "
    Cu r r e n t  of disch a r g e  p e r  s q.
m e t e r            2 0      "
    Cu r r e n t  of disch a r g e  p e r  kilo,
of u s eful le a d  4.56   "

The  n ext  a dv a n t a g e  of t h e  Mo n t a u d  a cc u m ul a to r  is t h e
e a s e  wi th  w hich  it c a n  b e  t ak e n  ou t  of it s  box a n d
r e p ai r e d  wi thou t  s p ecial tools a n d  exp e ri e nc e .  
A c a pi t al  d efec t  in t his  r e s p e c t  h a s  hi t h e r to  m u c h
int e rfe r e d  wit h  t h e  u s e  of a cc u m ula to r s.   In  c a s e
of a c cide n t s ,  s eve r al kinds  of w hich  a r e  possible,
it  is foun d  ve ry difficul t  to  r e c tify t h e  a p p a r a t u s .  
The  Mo n t a u d  a cc u m ula to r  is m u c h  les s  liable  to  a ccide n t s,
on  a cco u n t  of t h e  fi rm n e s s  a n d  co m p a c t n e s s  of it s
con s t r u c tion,  a n d  if a ny a ccid e n t  h a p p e n s,  t h e  r e p ai r s
a r e  si m ple  a n d  e a sy.  Las tly, t h e  s tou t  fr a m e wo rk
s ec u r e s  t h e  a p p a r a t u s  fro m  a ny a ccid e n t  d u e  to  a  dis p ro po r tion a t e
c h a r g e  o r  di sc h a r g e .   The  p ec ulia ri tie s  of t h e
co m b s  a n d  ro d s  al r e a dy d e s c ribe d  solve  t his  p ro ble m.  
On  S e p t e m b e r  8,  1 8 8 5,  Dr. D’Arsonval, p rofe sso r
a t  t h e  Colleg e  of F r a nc e ,  w ro t e  a s  follows:  “The
Mo n t a u d  a cc u m ula to r  is of t h e  Pla n t e  typ e ,  a n d  is
ex t r e m ely w ell co nc eived  fro m  a  m e c h a nical poin t  of
view.  The  wood e n  co m b s  p r eve n t  t h e  pl a t e s  fro m
co ming  in m u t u al  con t a c t ,  a n d  give  t h e  a p p a r a t u s  g r e a t
solidi ty.  The  p roc e s s  of for m a tion  is ing e nious
a n d  r a pid.   To give  1  s q u a r e  m e t e r  a  c a p aci ty
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of 2 0  a m p e r e  ho u r s,  t h e r e  is r e q ui r e d  only a  q u a r t e r
of a n  ho u r’s t r e a t m e n t .

“To ob t ain  t h e  s a m e  r e s ul t  by  Plan t e’s
m e t ho d,  m o n t h s  a r e  r e q ui r e d.   The  e n ti r e  exp e rim e n t s
h ave  b e e n  effec t e d  wi th  No.  2 ,  w hich  h a s  a  s u rfac e
of t wo  s q u a r e  m e t e r s .   This  a p p a r a t u s ,  if c h a r g e d
to  s a t u r a tion,  gives  6 2  a m p e r e  ho u r s  a s  its  to t al
c a p aci ty, a n d,  a s  in  t h e  Pl an t e,  t hi s  c a p a city cons t a n tly
inc r e a s e s  wi t h  u s e .   The  no r m al  r ul e  for  t h e  c h a r g e
is 1 0  a m p e r e s  p e r  s q u a r e  m e t er, a n d  for  t h e  disc h a r g e
do u ble  t his  q u a n ti ty.  This a p p a r a t u s  h a s  alw ays
give n  m e  on  di sc h a r ging  4 0  a m p e r e s  a t  t h e  E.M.F. of
1.85  volt s  d u ring  6 0  o r  6 5  min u t e s.   The  c h a r g e
is effec t e d  in t wo  ho u r s  u p  to  2 0  a m p e r e s ,  wi thou t
a ny a p p r eci a ble  loss  of el ec t rici ty.

“The  poin t s  to  b e  ai m e d  a t  in a n  a c c u m ula to r
a r e  long evi ty a n d  e n e r gy, or, r a t h er, r a pid  yield
p e r  kilo.  F ro m  bo t h  poin t s  of view a c c u m ula to r s
of t h e  Pla n t e  typ e  (an d  cons e q u e n tly t hos e  of Mo n t a u d)
a r e  fa r  s u p e rio r  to  t hos e  of t h e  Fa u r e  typ e.  
My opinion, t h e r efo r e ,  is t h a t  t h e  Mo n t a u d  a c c u m ula to r
is ve ry p r a c tical, t h a t  it  is a  g r e a t  imp rove m e n t  on
t h e  Pla n t e  typ e,  a n d  t h a t  it  c a n  co m p e t e  s ucc e s sfully
wi th  t h e  o t h e r  sys t e m s  in u s e .”—R e v u e
In t erna tionale  d e  l’Elec trici t e .
*       *       *       *  
    *
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ELECTRIC REGISTERING APPARATUS FOR 
METEOROLOGICAL INSTRUMENTS.

Mr. E. Gim e,  w hos e  n a m e  is no t  u nk now n  to  ou r  r e a d e r s ,
s e n d s  u s  a  d e s c rip tion  of a  ce r t ain  n u m b e r  of m e t eo rological
a p p a r a t u s  to  w hich  h e  h a s  a p plied  a  p e c ulia r  m e t ho d
of r e gis t e rin g  t h a t  i t is of in t e r e s t  to  m a k e  know n.

[Illus t r a tion:  FIG. 1.—DIAGRAM OF
GIME’S TELEMAREOGRAPH.]

Mr. Gim e  in t h e  fir s t  pl ac e  h a s  d evis e d  a  “t ele m a r eo g r a p h,”
t h a t  is to  s ay, a n  a p p a r a t u s  d e sign e d  to  r e gi s t e r
a t  a  dis t a n c e  t h e  c u rve  of t h e  m o tions  of t h e  tide
in a  given  pl ac e.   The  s t r uc t u r e  of t his  d evice,
s how n  dia g r a m a tically in Fig.  1 ,  is ve ry si m ple.  
I t  is divide d  in to  two  dis tinc t  p a r t s—a
t r a n s mi t t e r  a n d  a  r e gis t e rin g  a p p a r a t u s .   The  t r a n s mi t t e r
con sis t s  of a  long  gl a s s  t u b e ,  A, close d  a t  on e  e n d
a n d  co m m u nic a ting  t h ro u g h  t h e  o t h e r  wit h  a  r e c e p t a cl e
filled  wi th  m e r c u ry.  A b a ro m e t ric  vac u u m  is for m e d
in t his  t u b e.   The  level of t h e  op e n  r e c e p t a cle
co r r e s pon ds  exac tly to  t h e  level of t h e  low es t  tid e.

[Illus t r a tion:  FIG. 2.—THE APPARATUS
WITH THREE REGISTERING STATIONS.]

Piec es  of iron  wi r e  p rojec ting  s ufficie n tly in t h e
in t e rio r  to  e s t a blish  good  con t a c t s  wit h  t h e  colu m n
of m e r c u ry  a r e  fas t e n e d  on e  millim e t e r  a p a r t  to  t h e
inn e r  s u rf ac e  of t h e  t u b e.   Thes e  iron  con t a c t s
a r e  co n n e c t e d  wi th  t h e  divisions  of a  r h eos t a t ,  R,
a r r a n g e d  in a  tigh t  co m p a r t m e n t  s u r ro u n d e d  wi th  p a r affine,
n e a r  t h e  t u b e .

This  r h e os t a t  is in t e r pos e d  in t h e  g e n e r al  ci r cui t .  
I t  is con n ec t e d  t h ro u g h  on e  ext r e mi ty wi th  t h e  line,
a n d  t h rou g h  t h e  o t h e r  wi th  a  disk  of cop p er, w hich
h a s  a  s u rf ac e  of on e  s q u a r e  m e t er, a n d  is im m e r s e d
in t h e  s e a .
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The  line,  L, insul a t e d  like  a n  o rdin a ry t el eg r a p h
wi re ,  is p rolon g e d  a s  fa r  a s  to  t h e  r e gis t e rin g  s t a tion.

The  r e gi s t e ring  a p p a r a t u s  consis t s  of a  sole noid,
S, t h a t  a c t s  u po n  a  sof t  iron  co r e  s u s p e n d e d  by a
co r d  fro m  t h e  ex t r e mity, x , of t h e  b e a m  of a
b al a nc e.   This  co r d  p a s s e s  b e t w e e n  t h e  c h a n n els
of t wo  rolle r s  d e sign e d,  d e s pi t e  t h e  m o tion  of t h e
b e a m,  to  ke e p  t h e  co r e  in a  ve r tical posi tion  in  t h e
c e n t e r  of t h e  sole noid.

The  op posi t e  a r m  of t h e  b al a nc e  c a r rie s  a  sliding
w eig h t ,  i, t h a t  m oves  ove r  a  g r a d u a t e d  sc ale
a n d  is d e sign e d  to  b al a nc e  t h e  co r e ,  N, in  a  c e r t ain
posi tion  in r e g ula ting  t h e  m o tions  of t h e  c u rve.  
At it s  ex t r e mi ty i t c a r r ie s  a  s tyle  t h a t  b e a r s  a g ains t
t h e  d r u m,  T, on  w hic h  t h e  p a p e r  is wo u n d  t h a t  is to
r e c eive  t h e  m a r eo m e t ric  cu rve.

The  solenoid,  S, is in t e r pos e d  in t h e  g e n e r al  ci rc ui t ,
b ein g  con n e c t e d  on  t h e  on e  h a n d  wi t h  t h e  line,  L,
a n d  on  t h e  o t h e r  wi th  a  ve ry cons t a n t  b a t t e ry of a n
el ec t ro motive  forc e  p ro po r tion e d  to  t h e  r e sis t a nc e
of t h e  ci rcui t.

Th ro u g h  t h e  el ec t ro d e  t h a t  r e m ains  fr e e,  t h e  b a t t e ry
is g ro u n d e d  wi t h  so  g r e a t  c a r e  t h a t  no  va ri a tion  in
r e si s t a n c e  c a n  b e  p ro d uc e d  t h e r e by.  If t h e  s t a tion
is n e a r  t h e  s e a ,  t h e  con d u c to r  of t his  elec t rod e  m ay
b e  r u n  to  a  cop p e r  di sk,  h aving  t h e  s a m e  s u rfac e  a s
t h e  on e  a t  t h e  t r a n s mi t ting  s t a tion.   With  t his
d e sc rip tion,  t h e  op e r a tion  of t h e  a p p a r a t u s  m ay  b e
e a sily u n d e r s tood.
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At low w a t er, t h e  p r e s s u r e  of t h e  a t m os p h e r e  b ala nc es
a  colu m n  of m e r c u ry  rising  in  a  gla s s  t u b e  to  a  h eigh t
p ro po r tion a t e  to  s uc h  p r e s s u r e .   In  m e a s u r e  a s
t h e  level of t h e  w a t e r  r i s e s ,  t h e  p r e s s u r e  on  t h e  m e r c u ry
in t h e  r e c e p t a cle  inc r e a s e s ,  a n d  c a u s e s  t h e  m e t al
to  ri s e  in t h e  t u b e.   The  high e r  t h e  level of
t h e  s e a,  t h e  les s  b e co m e s  t h e  s u m  of t h e  r e sis t a nc es
of t h e  r h eos t a t ,  sinc e  t h e  colu m n  of m e r c u ry  p u t s
in s ho r t  ci rc ui t  a ll t h e  divisions  of t h e  r h eos t a t ,
w hos e  con t a c t s  a r e  co m p ris e d  in t h e  h eig h t  of t h e
colu m n.

F ro m  t h e s e  va ria tions  in  t h e  r e si s t a nc e  of t h e  ci rc ui t
n a t u r ally r e s ul t  va ria tions  in  t h e  cu r r e n t  fro m  t h e
b a t t e ry, B, a t  t h e  r e gis t e rin g  s t a tion.   To t h e
va ri a tions  in  in t e n si ty of t h e  cu r r e n t  in t h e  ci rc ui t
t h e r e  co r r e s pon d  va ri a tions  in  t h e  a t t r a c tion  of t h e
solenoid  for  t h e  co r e  t h a t  t r a n s mi t s  t h e s e  m o tions
to  t h e  b al a nc e  t h a t  c a r ri e s  t h e  r e gi s t e ring  s tyle,
w hich  la t t e r  a m plifies  o r  r e d uc e s  t h e m.

The  s a m e  t r a n s mit t e r  s uffice s  for  va rious  r e gi s t e ring
s t a tions  a r r a n g e d  in s e ri e s,  a s  s how n  in Fig.  2 .

The  va ri a tions  in t h e  r e sis t a nc e  of t h e  ci rc ui t ,  d u e
to  va ria tions  in t h e  t e m p e r a t u r e ,  a n d  t h e  va ria tions
in t h e  h eig h t  of t h e  colu m n  of m e r c u ry, d u e  to  a t m os p h e ric
va ri a tions,  e t c ., a r e ,  a cco r din g  to  t h e  inve n tor,
of no  impo r t a n c e.

It  would  evide n tly b e  possible,  on  t h e  s a m e  p rinciple,
to  cons t r u c t  a n  a p p a r a t u s  for  r e gis t e ring  t h e  indic a tions
of a  t h e r m o m e t e r  a t  a  dis t a n c e .

S uc h  is t h e  p rinciple  of Mr. Gim e’s a p p a r a t u s .  
We do  no t  b elieve  t h a t  t h ey  a r e  e n ti r ely clos e d  to
c ri ticis m.   Wh a t ,  in fac t,  a r e  t h e  con di tions
e s s e n ti al for  t h ei r  p rop e r  wo rking?   Evide n tly: 
(1) t h e  cons t a n cy of t h e  b a t t e ry u s e d;  (2) a  r igo rou sly
a c c u r a t e  a dju s t m e n t .   This la t t e r  con di tion,  is
e a sily r e alize d;  b u t  t h e  s a m e  is no t  t h e  c a s e  wi t h
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t h e  for m er.  Of w h a t  el e m e n t s  s h all t his  cons t a n t
b a t t e ry b e  for m e d?

Mr. Gim e  r e co m m e n d s  t h e  u s e  of t h e  Latim e r-Cla rk  el e m e n t s.  
Eve ry on e  knows  t h a t  t h e  La tim e r-Cla rk  el e m e n t  is
now  t h e  b e s t  s t a n d a r d  of el ec t ro motive  forc e;  b u t
le t  u s  no t  forg e t  t h a t  t his  is on  con di tion  of i t s
b ein g  e m ployed  in op e n  ci rc ui t .   Now, it is no t
a  q u e s tion  h e r e  of a n  op e n  ci rc ui t ,  no r  eve n  of infini tely
w e a k  cu r r e n t s ,  sinc e  in t h e  line  w e  h ave  a  sole noid
w hos e  co r e  m u s t  s e t  in m o tion  a  w hole  sys t e m  of con n e c t e d
piec e s.   We do  no t  s e e  a ny pos sibili ty of e m ploying
Latim e r-Cla rk  el e m e n t s;  on  t h e  con t r a ry, it s e e m s
to  u s  indisp e n s a ble  to  s el ec t  piles  of la r g e  disc h a r g e ,
since  t h e  sole noid,  S, will a t t r a c t  no t hin g  a t  all
u nle s s  a  no t a ble  q u a n ti ty of e n e r gy is exp e n d e d  in
it.

Is  t h e r e  a  pile  of t his  kind  so  cons t a n t  a s  no t  to
r e n d e r  a  r igo ro usly a cc u r a t e  a djus t m e n t  illuso ry? 
The r ein  lies  t h e  e n ti r e  q u e s tion,  a n d  for  ou r  p a r t
w e  h e si t a t e  to  p ro no u nc e  ou r s elves  in t h e  n e g a tive.—La
L u mi er e  Elec triqu e.
*       *       *       *  
    *

A CLINICAL LESSON AT “LA SALPETRIERE.”
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[Illus t r a tion:  THE SALON OF 1 8 8 7.—A
LECTURE IN THE DISPE N SARY AT LA SALPETRIERE.—Pain t e d
by M. Andr e  Brouille t .—M.  Doc hy. 
E n g r aver.]

[Illus t r a tion:  A CLINICAL LECTURE AT “LA
SALPETRIERE.”]

We r e p ro d uc e  t h e  pic tu r e  of Mr. Andr e  Brouille t ,  w hich
w a s  in t h e  S alon  of 1 8 8 7;  a n d  t h a t  t h e  s u bjec t  m ay
b e  b e t t e r  u n d e r s tood,  w e  give  t h e  a c co m p a nying  sk e t c h
a n d  d e sc rip tion.   This pic t u r e  is ve ry in t e r e s ting,
no t  only fro m  a n  a r ti s tic  poin t  of view, b u t  also
a s  a  r e p r e s e n t a tion  of s t u d e n t s  a n d  s p e c t a to r s  of
all a g e s  a d mi r a bly g ro u p e d  a ro u n d  a  g r e a t  m a s t e r  of
scie nc e  w h e n  m os t  in t e r e s t e d  in hi s  work.   We bo r row
fro m  M a tin-S alon  Mr. Goe ts c hy’s expla n a tion
of t h e  pic t u r e:  

“The  h all in  w hic h  t h e  les son  is given  is ligh t e d
by t wo  la r g e  win dow s  op e ning  on  on e  of t h e  cou r t s
of t h e  hos pi t al.   The  P rofe sso r  s t a n d s  a t  t h e
righ t  of t h e  pic t u r e ,  his  h e a d  u n cove r e d,  on e  h a n d
clos e  to  his  bo dy a n d  t h e  o t h e r  ex t e n d e d  sligh tly
in a  g e s t u r e  w hich  is fa milia r  to  hi m,  his  a u die nc e
b ein g  b efor e  hi m.   At his  sid e  is Mr. Babinski,
c hi ef of t h e  clinic, s u p po r tin g  a  p e r son  afflict e d
wi th  hys t e ri a .   N e a r  t h e  la t t e r  s t a n d s  a  n u r s e
a n d  a s sis t a n t  w ho  w a tc h e s  eve ry  m ove m e n t  of t h e  p a t ie n t .  
This  is Mot h e r  Bot t a r d,  a  good,  in t ellige n t ,  a n d  d evo t e d
wo m a n,  w ho  is w ell know n  to  all t hos e  p r e s e n t .

“The  a u di to r s  h ave  a r r a n g e d  t h e m s elves  a t  t h e
s t u d e n t s’ t a bl e s,  so m e  s e a t e d  on  t h e  c h ai r s
a n d  s tools w hich  fu r nis h  t h e  roo m,  a n d  o t h e r s  s t a n din g,
b u t  all following  clos ely t h e  t e a c hing  of t h e  m a s t er,
a n d  a t  t h e  s a m e  tim e  w a t c hing  t h e  s u bjec t . 
The  pic t u r e  is full of life a n d  m o tion,  a n d  ye t  is
ve ry ex ac t.   The  h e a d  a n d  s hould e r s  of t h e  s u bjec t
a r e  b e a u tifully a n d  co r r e c tly d r a w n.   The  a r ti s t
h a s  b ro u g h t  tog e t h e r  m a ny  m e n  w ho  a r e  w ell know n  in
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li t e r a t u r e  a n d  scie nc e.”—L e  M o n d e
Illus tre .

*       *       *       *  
    *

[NATURE.]

TO FIND THE DAY OF THE WEEK FOR ANY GIVEN 
DATE.

H aving  hi t  u po n  t h e  following  m e t ho d  of m e n t ally co m p u ting
t h e  d ay of t h e  w e ek  for  a ny given  d a t e ,  I s e n d  it
you  in t h e  ho p e  t h a t  it  m ay  in t e r e s t  so m e  of you r
r e a d e r s .   I a m  no t  a  r a pid  co m p u t e r  mys elf, a n d
a s  I find  my ave r a g e  tim e  for  doing  a ny s uc h  q u e s tion
is a bo u t  2 0  s e con d s,  I h ave  li t tle  do u b t  t h a t  a  r a pid
co m p u t e r  wo uld  no t  n e e d  1 5.

Take  t h e  give n  d a t e  in 4  po r tions,  vi z ., t h e
n u m b e r  of ce n t u rie s,  t h e  n u m b e r  of ye a r s  over, t h e
m o n t h ,  t h e  d ay of t h e  m o n t h.

Co m p u t e  t h e  following  4  it e m s,  a d ding  e a c h,  w h e n  foun d,
to  t h e  to t al  of t h e  p r evious  it e m s.   Wh e n  a n  it e m
or  to t al  exc e e ds  7,  divide  by 7,  a n d  ke e p  t h e  r e m aind e r
only.

T h e  Ce n t ury  It e m .—For  old  s tyle
(w hich  e n d e d  S e p t e m b e r  2,  1 7 5 2) s u b t r ac t  fro m  1 8.  
For  n e w  s tyle  (which  b e g a n  S e p t e m b e r  1 4) divide  by
4,  t a k e  ove r plu s  fro m  3,  m ul tiply r e m aind e r  by  2.

T h e  Year It e m .—Add tog e t h e r  t h e
n u m b e r  of doze n s,  t h e  ove r plus,  a n d  t h e  n u m b e r  of
4’s in t h e  ove r plus.
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T h e  M o n t h  It e m .—If it  b e gin s  o r
e n d s  wit h  a  vow el, s u b t r a c t  t h e  n u m b e r  d e no tin g  it s
pl ac e  in t h e  yea r  fro m  1 0.   This, plus  it s  n u m b e r
of d ays,  gives  t h e  it e m  for  t h e  following  m o n t h .  
The  it e m  for  Janu a ry is “0;” for  Feb r u a ry
o r  M a r c h  (th e  3 d  m o n t h), “3;” for  Dec e m b e r
(th e  1 2 t h  m o n t h), “12.”

T h e  Day Ite m  is t h e  d ay of t h e  m o n t h.

The  to t al  t h us  r e a c h e d  m u s t  b e  co r r e c t e d  by  d e d u c ting
“1” (fir s t  a d ding  7,  if t h e  to t al  b e  “0"),
if t h e  d a t e  b e  Janu a ry  o r  Fe b r u a ry in a  lea p  ye a r;
r e m e m b e rin g  t h a t  ev e ry ye a r  divisible  by 4  is a  le a p
ye ar, exc e p ting  only t h e  c e n t u ry ye a r s ,  in n e w  s tyle,
w h e n  t h e  n u m b e r  of ce n t u rie s  is no t  so  divisible
(e.g., 1 8 0 0).

The  final r e s ul t  gives  t h e  d ay of t h e  w e e k,  “0”
m e a nin g  S u n d ay, “1” Mo n d ay, a n d  so  on.

EXAMPLES.

1 7 8 3,  S e p t e m b er  1 8.

1 7  divide d  by 4  le aves  “1” ove r;  1  fro m
3  gives  “2;” t wice  2  is “4.”

8 3  is 6  doze n  a n d  1 1,  giving  1 7;  plus  2  gives  1 9,
i.e . (dividing  by 7), “5.”  Total
9,  i.e ., “2.”

The  it e m  for  Augus t  is “8 fro m  1 0,” i.e .,
“2;” so,  for  S e p t e m b er, it is “2
plu s  3,” i.e ., “5.”  Total
7,  i.e ., “0,” w hich  go e s  ou t .

1 8  gives  “4.”  Answ er, “T h urs day .”

1 6 7 6,  February  2 3.
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1 6  fro m  1 8  gives  “2.”

7 6  is 6  doze n  a n d  4,  giving  1 0;  plu s  1  gives  1 1,  i.e .,
“4.”  Total “6.”

The  it e m  for  Feb r u a ry  is “3.”  Total
9,  i.e ., “2.”

2 3  gives  “2.”  Total “4.”

Cor r ec tion  for  lea p  yea r  gives  “3.” 
Answ er, “We d n e s day .”

LEWIS CARROLL.

*       *       *       *  
    *

PRECIOUS STONES OF THE UNITED STATES.

To t h e  r e c e n tly dis t rib u t e d  gove r n m e n t  r e po r t  on  t h e
min e r al  r e so u rc e s  of t h e  U ni t e d  S t a t e s  for  1 8 8 5.[1]
Mr. G.F.  Kunz con t ribu t e s  a n  in t e r e s ting  ch a p t e r
in w hich  is r eco r d e d  t h e  p ro g r e s s  m a d e  d u ring  t h a t
ye a r  in  t h e  discove ry a n d  u tiliza tion  of p r e cious
s ton es .

[Footno t e  1:   Min e r al Resou rc es  of t h e  U ni t e d
S t a t e s:   Cale n d a r  Year  1 8 8 5.   Washing ton:  
Gove r n m e n t  P rin ting  Office.  1 8 8 8.]

In  t h e  s u m m e r  of 1 8 8 5,  a  r e m a rk a bly la r g e  pock e t  con t aining
fine  c rys t al s  of m u s covit e,  wit h  b rillian t  c rys t als
of r u til e  impla n t e d  on  t h e m,  w a s  foun d  a t  t h e  E m e r ald
a n d  Hidd e ni t e  Mining  Co m p a ny’s wo rks ,  a t  S to ny
Poin t,  N.C., a n d  w a s  sold  in t h e  for m  of c a bin e t  s p ecim e n s
for  $ 7 5 0.   While  t h e  soil ove rlying  t h e  rock  w a s
b ein g  wo rk e d,  nin e  c rys t als  of e m e r ald  w e r e  foun d,
all of w hic h  w e r e  do u bly t e r min a t e d ,  a n d  m e a s u r e d  fro m
1  inc h  to  3-1/8  inch e s  in leng t h  a n d  1-2/3  inch  in
wid t h.   On e  of t h e s e  c rys t als  is ve ry p e rfec t
a s  a  s p e ci m e n,  b eing  of a  fine  ligh t  g r e e n  color, a n d
w eig hin g  8 3/4  ou nc e s.   I t  is h eld  by t h e  co m p a ny
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a t  $ 1 ,50 0,  a n d  t h e  nin e  c rys t als  tog e t h e r  a t  $ 3 ,00 0.  
Anot h e r  of t h e s e  c rys t al s, do u bly t e r min a t e d,  m e a s u r e s
2 1/2  inch e s  by 1 1/12  of a n  inch,  a n d  is filled  wi t h
la rg e  r ho m bo h e d r al  c avitie s,  w hich  for m e rly con t ain e d
dolomit e .   The  only c rys t al  fro m  t hi s  collec tion
t h a t  h a s  b e e n  cu t  in to  a  g e m  w a s  foun d  in a  pock e t
a t  a  d e p t h  of ove r  4 3  fee t .   In  colo r  i t is of
a  pl e a sing  ligh t  g r e e n ,  a n d  it  w eigh s  4-2 2/32  c a r a t s .  
N o  c rys t al  of a  fine r  colo r  h a s  a s  ye t  b e e n  foun d  in
t h e  U ni t e d  S t a t e s ,  a n d  t h e  g e m  is h eld  by  t h e  co m p a ny
a t  $ 2 0 0.
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Du ring  t h e  r ec e n t  mining,  t h e  la r g es t  fine  c rys t al
of li thia  e m e r ald  eve r  foun d  w a s  also  b ro u g h t  to  ligh t .  
I t  m e a s u r e s  2 3/4  inch e s  by 3/5  of a n  inch  by 1/3  of
a n  inch.   On e  e n d  is of a  ve ry fine  color, a n d
wo uld  affo rd  t h e  la r g e s t  g e m  of t his  min e r al  ye t  foun d,
a n d  on e  w hich  wo uld  p ro b a bly w eigh  5 1/2  c a r a t s .  
With  t hi s  t h e r e  w a s  a  n u m b e r  of s u p e rio r  c rys t als  a n d
so m e  ou nc e s  of co m m o n  piec e s  of t h e  s a m e  min e r al. 
The  co m p a ny e s ti m a t e s  t h e  valu e  of t his  e n ti r e  yield
of hidd e ni t e  a t  a bo u t  $ 2,50 0.

The r e  w a s  al so  foun d  a  q u a n ti ty of q u a r tz  filled  wi th
w hi t e  byssoli t e,  for ming  ve ry a t t r a c tive  s p e cim e n s
a n d  value d  a t  $ 2 5 0.

A n u m b e r  of b e ryls  of a  fine  blu e  color, r e s e m bling
t h e  Mou r n e  Mou n t ain  s p e ci m e n s,  w e r e  foun d  n e a r  Mou n t
Ante ro,  Ch affe e  Cou n ty, Col.  On e  of t h e s e  w a s
4  inc h e s  long  a n d  3/8  of a n  inch  a c ros s,  wi th  c u t ting
m a t e ri al  in it.  The  o th e r  c rys t als  m e a s u r e d  fro m
1  to  1 1/4  inch  in len g t h,  a n d  fro m  1/5  to  1/3  inch
in wid t h.

The  la r g e  b e ryl m e n tion e d  by Mr. Kunz in  t h e  Mine r al
Resou rc e s  for  1 8 8 3  a n d  1 8 8 4  h a s  affo rd e d  t h e  fine s t
a q u a m a rin e  of Ame ric a n  o rigin  know n.   I t  is b rillian t
a s  a  c u t  g e m,  a n d,  wi t h  t h e  exce p tion  of a  few in t e r n al
h ai r-like  s t r i a e,  is a b solu t ely p e rf ec t.   I t  w eigh s
1 3 3 3/4  c a r a t s ,  m e a s u r e s  1-2/5  x 1-2/5  x 4/5  inch,
a n d  is of a  d e e p  bluish  g r e e n,  e q u al to  t h a t  of g e m s
fro m  a ny know n  locali ty.

Mr. G.F.  Bre e d,  m a n a g e r  of t h e  Valencia  Mic a
Co m p a ny, h a s  cu t  n e a rly on e  h u n d r e d  a q u a m a rin es ,  r a n gin g
fro m  1/2  c a r a t  to  4  c a r a t s  in w eig h t ,  a n d  of a  ligh t
blu e  color, fro m  w hi t e  b e ryls foun d  in t h e  co m p a ny’s
mic a  mi n e  a t  N o r t h  Grafton,  N.H.

A n u m b e r  of fine,  d e e p  golde n-yellow, blu e,  a n d  g r e e n
b e ryls, e q u aling  a ny ev e r  foun d,  h ave  b e e n  t ak e n  by
Mr. M.W.  Ba r s e  fro m  his  mic a  min e  b e t w e e n  N e w
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Milford  a n d  Litchfield,  Con n.   So m e  fine  blood-r e d
g a r n e t s  fro m  t his  s a m e  locality h av e  b e e n  cu t  in to
g e m s.

The  la r g es t  p h e n a ci t e  c rys t al  eve r  foun d  is ow n e d
by Mr. Whit m a n  Cross .   I t  w a s  discove r e d  a t  Crys t al
Pa rk,  Col., w eighs  5 9  p e n nyw eigh t s  6  g r ain s,  a n d  m e a s u r e s
1-4/5  inch  in leng t h  a n d  1-1/5  inch  in  t hickn e s s.

Thous a n d s  of g a r n e t  c rys t al s, foun d  a t  Ruby Mou n t ain,
n e a r  S alide s,  Col., h ave  b e e n  m a d e  in to  p a p e r w eig h t s
a n d  sold  to  tou ris t s .   Thos e  t h a t  w eig h  a  few
ou nc e s  s ell for  a bo u t  t e n  ce n t s  e ac h.   On e  w a s
sold  t h a t  w eig h e d  1 4  pou n d s.   Apropos  of g a r n e t s,
t h e  discove ry, in t h e  h e a r t  of N e w  York ci ty, of a s
fine  a  c rys t al  a s  w a s  eve r  foun d  on  t his  con tin e n t ,
a n d  w eig hing  9  po u n d s  1 0  ou nc e s,  m ay  b e  m e n tion e d
a s  a  m a t t e r  of p e c ulia r  in t e r e s t .

S eve r al  t ho us a n d  dolla r s’ wo r t h  of t h e  wood
jasp e r  of Arizon a  h a s  b e e n  cu t  in to  p a p e r  w eig h t s,
c h a r m s,  a n d  o th e r  objec t s,  o r  polish e d  on  on e  sid e
for  c a bin e t  s p eci m e n s.   N u m b e r s  of t h e s e  a r ticle s
a r e  now  b eing  c u t  a n d  sold  to  to u ris t s  alon g  t h e  line
of t h e  Atchison,  Topek a,  a n d  S a n t a  Fe  Rail ro a d.

The  co m p a c t  q u a r tzi t e  of Sioux Falls, Dako t a ,  is b eing
q u a r ri e d  a n d  polish e d  for  o r n a m e n t al p u r pos e s.  
I t  is know n  a n d  sold  a s  “Sioux Falls  jas p er,”
a n d  is r e ally t h e  s to n e  r efe r r e d  to  by  Longfellow in
his  Hia w a t h a  a s  b ein g  u s e d  for  a r ro w  h e a d s.   This
s ton e  t ak e s  a  ve ry high  polish,  a n d  is foun d  in a
va rie ty of pl e a sing  tin t s ,  s uc h  a s  c hocola t e ,  b row nis h-r e d ,
b rick-r e d ,  a n d  yellowish.   For  t h e  t wo  ye a r s  p r evious
to  1 8 8 5,  $ 1 5,00 0  wo r t h  of it w a s  sold.
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A r e m a rk a ble  m a s s  of r ock  c rys t al  h a s  b e e n  r ec eived
by M e s s r s.  Tiffany & Co. fro m  a  locality n e a r  Cave
City, Va.  Althou g h  t his  m a s s  w eig hs  5 1  po u n ds,
it  is b u t  a  fr a g m e n t  of t h e  o riginal c rys t al,  w hic h
w eig h e d  3 0 0  po u n d s,  a n d  w hich  w a s  b rok e n  in pi ec e s
by t h e  igno r a n t  m o u n t ain  gi rl w ho  foun d  it.  The
fra g m e n t,  a s  i t is, will fu r nis h  sla bs  8  inch e s  s q u a r e
a n d  fro m  1/3  to  1  inch  t hick.   The  o rigin al c rys t al
wo uld  h ave  fu rnis h e d  a  b all fro m  4 1/2  to  5  inch e s
in di a m e t er, a n d  al mos t  p e rfec t .   A n u m b e r  of fine
a g a t e s  of va rious  kinds  w e r e  foun d  by Mr. F.C. 
Yeom a n s  a t  t h e  s a m e  locali ty.

The  m e cc a ni t e  fro m  Cu m b e rl a n d,  R.I., is oft e n  s po t t e d
wi th  w hit e  q u a r tz.   I t  h a s  b e e n  c u t  in to  oval
s ton es  s eve r al  inch e s  in len g t h ,  w hich  t ak e  a  fine
polish.   This  q u ali ty, cou ple d  wi th  it s  h a r d n e s s ,
m a k e s  it  a  d e si r a bl e  o r n a m e n t al  g e m  s ton e.

Mr. Kunz r e co r d s  t h e  discove ry, by hi m s elf, in t h e
la rg e s t  m a s s  of t h e  Glorie t a  Mo u n t ain  (S a n t a  Fe  Cou n ty,
N.M.), of pi ec es  of p e rido t  of s ufficien t  t r a n s p a r e ncy
to  affo rd  g e m s  on e-fifth  of a n  inch  in len g t h.

La r g e  q u a n ti ti es  of t u r q uoise  fro m  Los Cevillos,  N.M.,
h ave  b e e n  sold,  bo t h  a s  c a bin e t  s p e cim e n s  a n d  g e m s;
b u t ,  u nfo r t u n a t ely, m a ny of t hos e  of t h e  fine s t  colo r
h ave  b e e n  foun d  to  b e  a r tificially colo r e d .

M alac hi t e  in  la r g e  m a s s es  h a s  b e e n  foun d  a t  t h e  Cop p e r
Qu e e n  min e  a t  Bisbe e,  O r e gon.   On e  of t h e s e  m a s s e s
w eig h e d  1 5  po u n d s  a n d  o th e r s  w e r e  q ui t e  a s  la rg e.  
All w e r e  of good  e no u g h  q u ali ty a n d  la rg e  e no u g h  for
t a bl e  tops.

In  conclusion,  Mr. Kunz s ays  t h a t  “th e  N a tion al
M u s e u m  collec tion  of g e m s,  for m e d  by P rof.  F.W. 
Cla rk e,  is now  on e  of t h e  m os t  co m ple t e ,  for  s p e ci e s,
in  t h e  U ni t e d  S t a t e s ,  a n d  a s  m a ny  of t h e  g e m s  a r e  of
m o r e  t h a n  ave r a g e  m e ri t ,  a n d  all c a n  h ave  a c c e s s  to
t h e m,  t hi s  is on e  of t h e  b e s t  op po r t u ni ti es  affo rd e d
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t h e  s t u d e n t  in t his  cou n t ry.”

*       *       *       *  
    *

THE BRAZIL NUT.

[Illus t r a tion:  THE BRAZIL N UT.]

Eve ry on e  is a c q u ain t e d  wi t h  t h e  h a r d-s h elled,  t ri a n g ula r
frui t  c alle d  t h e  Brazil n u t ,  b u t  t h e r e  a r e ,  p e r h a p s ,
b u t  few w ho  know  a ny t hing  a bo u t  t h e  t r e e  t h a t  p ro d uc e s
it, o r  i ts  m o d e  of g row t h.   The  Br azil n u t  t r e e
b elon gs  to  a  g e n u s  of Lecythida c e a e  of w hic h  t h e r e
is only on e  s p e ci e s,  B er t holle tia e xc elsa . 
This  t r e e  is a  n a tive  of Guia n a,  Venezu ela,  a n d  Br azil. 
I t  for m s  la r g e  for e s t s  on  t h e  b a nks  of t h e  Amazons
a n d  Rio N e g ro,  a n d  likewis e  a bo u t  Es m e r ald as ,  on  t h e
Orinoco, w h e r e  t h e  n a tives  c all it juvia . 
The  n a tives  of Br azil c all t h e  frui t  cap ucaya ,
w hile  to  t h e  Por t u g u e s e  it is know n  a s  cas tana
d e  m arano n .

The  t r e e  is on e  of t h e  m o s t  m aje s tic  in  t h e  Sou t h
Ame rica n  for e s t s ,  a t t aining  a  h eig h t  of 1 0 0  o r  1 5 0
fee t.   I t s  t r u nk  is s t r aigh t  a n d  cylind ric al,
a n d  m e a s u r e s  a bo u t  3  o r  4  fee t  in di a m e t er.  The
b a rk  is g r ayish  a n d  ve ry eve n.   At a  di s t a nc e,
t h e  t r e e  so m e w h a t  r e s e m bles  a  c h e s t n u t .   I t s  b r a nc h e s
a r e  al t e r n a t e ,  op e n,  ve ry long,  a n d  d roop  tow a r d  t h e
e a r t h.   The  le ave s  a r e  al t e r n a t e ,  oblong,  s ho r t
p e tioled,  n e a rly co ri ac eo us,  a bo u t  2  fee t  long  by
6  inc h e s  wid e,  e n ti r e  o r  u n divide d,  a n d  of a  b righ t
g r e e n  color.  The  flowe r s  h ave  a  t wo-p a r t e d ,  d e ciduo us
c alyx, six u n e q u al  c r e a m-colo r e d  p e t als ,  a n d  n u m e ro u s
s t a m e n s  u ni t e d  in to  a  b ro a d,  hood-s h a p e d  m a s s ,  t hos e
a t  t h e  b a s e  b ein g  fe r tile,  a n d  t h e  u p p e r  on e s  s t e rile.
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The  frui t  is n e a rly o r bic ular, a n d  a bo u t  6  inch e s
in di a m e t er, a n d  h a s  a  h a r d  s h ell a bo u t  h alf a n  inch
t hick, w hich  con t ain s  fro m  1 8  to  2 4  t r i an g ul ar, w rinkled
s e e d s  t h a t  a r e  so  b e a u tifully p a ck e d  wit hin  t h e  s h ell
t h a t  w h e n  onc e  dis tu r b e d  it is impossible  to  r e plac e
t h e m.   Whe n  t h e s e  frui t s  a r e  r ip e,  t h ey fall fro m
t h e  t r e e  a n d  a r e  collec t e d  in to  h e a p s  by  t roops  of
India n s  c alled  Cas tan hieros , w ho  visi t  t h e  fore s t s
a t  t h e  p ro p e r  s e a so n  of t h e  ye a r  exp r e s sly for  t his
p u r pos e.   They a r e  t h e n  s pli t  op e n  wi t h  a n  ax,
a n d  t h e  s e e d s  (th e  Brazil n u t s  of co m m e rc e) t ak e n  ou t
a n d  p a ck e d  in b a sk e t s  for  t r a n s po r t a tion  to  Pa r a  in
t h e  n a tive  c a no e s.   The  “m e a t” t h a t
t h e  Br azil n u t  con t ain s  consis t s  of a  w hi t e  s u bs t a nc e
of t h e  s a m e  n a t u r e  a s  t h a t  of t h e  co m m o n  al mo n d,  a n d
w hich  is good  to  e a t  w h e n  fr e s h,  b u t  w hich,  by r e a son
of it s  ve ry oily n a t u r e ,  soon  g e t s  r a ncid.   Beside s
its  u s e  a s  a n  a r ticle  of d e s s e r t ,  a  bl a n d  oil, u s e d
by w a tc h m a k e r s  a n d  a r t is t s ,  is ob t ain e d  fro m  t h e  n u t
by p r e s s u r e.   Br azil n u t s  for m  a  consid e r a ble
a r t icle  of expo r t  fro m  t h e  po r t  of Pa r a,  w h e n c e  t h ey
a r e  so m e ti m e s  c alled  Pa r a  n u t s.

The  Br azil n u t  t r e e  r e m ain e d  for  a  long  tim e  u nk now n
to  E u rop e a n  bo t a nis t s ,  a l t ho u g h  t h e  frui t  h a s  b e e n
fro m  a  ve ry r e mo t e  e poc h  cons u m e d  in la r g e  q u a n ti ti es
in c e r t ain  sou t h e r n  cou n t ri e s  of t h e  N e w  World.  
The  firs t  d e s c rip tion  of t h e  t r e e  w e  ow e  to  H u m bold t
a n d  Bonpla n d,  w ho  e s t a blish e d  t h e  g e n u s  a n d  s p e cie s
in t h e  bo t a nical p a r t  of t h e  a c cou n t  of t h ei r  voya g e.  
The  g e n u s  is d e dic a t e d  to  t h e  illus t rious  Be r t holle t .

“We w e r e  ve ry for t u n a t e ,” s ay t h e s e  a u t ho r s,
“to find  so m e  of t h e s e  n u t s  in ou r  t r avels  on
t h e  Orinoco.  For  t h r e e  m o n t h s  w e  h a d  b e e n  living
on  no t hin g  b u t  poo r  chocola t e  a n d  r ic e  cooke d  in w a t er,
alw ays  wi t ho u t  b u t t er, a n d  oft e n  wi t ho u t  s al t ,  w h e n
w e  p roc u r e d  a  la rg e  q u a n ti ty of t h e  fr e s h  frui t s  of
t h e  B er t holle tia .  It  w a s  alon g  in Jun e,
a n d  t h e  n a tives  h a d  jus t  g a t h e r e d  t h e m.”
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The  for m a tion  of a  la r g e  woody frui t ,  oft e n  in t h e
s h a p e  of a n  u r n ,  fro m  w hich  t h e  top  s po n t a n eo u sly
s e p a r a t e s  in t h e  for m  of a  lid, is on e  of t h e  ch a r a c t e ri s tics
of t h e  o r d e r  Lecyt hid a c e a e ,  w hic h  includ es  t h e  Couron pi ta
Guian e n sis , o r  “ca n no n  b all t r e e”;
t h e  gig a n tic  Le cy t his  ollaria , o r  “monk ey-po t
t r e e ,” w hos e  g r e a t  woody p e ric a r p s  s e rve  a s  d rinking
vess el s;  a n d  t h e  L ecy t his  Zab ucajo , w hos e  frui t
is know n  in t h e  m a rk e t  a s  s a p uc aia  n u t s ,  a n d  is g r e a tly
s u p e rio r  to  t h e  clos ely allied  Brazil n u t s  a s  r e g a r d s
flavor  a n d  e a s e  of dig es tion.

All t h e  t r e e s  of t hi s  o r d e r  a r e  n a tives  of Sou t h  Americ a,
a n d  e s p e ci ally of Guia n a.

*       *       *       *  
    *

THE ACTION OF THE MAGNET IN HYPNOSIS.

Mr. Tam b u rini so m e  ti m e  a go  obs e rve d  t h a t ,  d u ring
a  p e riod  of le th a r gy, t h e  a p p ro ac h  of a  m a g n e t  p ro d u c e d
in p e r son s  affec t e d  wi th  hys t e ric al hyp nosis  a  s e ri es
of m o difica tions  of t h e  r e s pi r a to ry func tions  a n d  of
con t r ac tili ty.
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F ro m  so m e  ve ry c a r eful exp e ri m e n t s  m a d e  by hi m  a n d
Mr. Righi in co m m o n,  u po n  t h e  lady w ho  w a s  t h e  p rincipal
s u bjec t  of his  obs e rva tions,  it  r e s ul t s  t h a t  (1) it
m a k e s  no  diffe r e n c e  w h e t h e r  t h e  m a g n e t  b e  p r e s e n t e d
by it s  pole s  o r  its  n e u t r al  line;  (2) t h a t  a ny m a s s
of m e t al  w h a t eve r  a c t s  like  a  m a g n e t ;  (3) t h a t  a n
el ec t ro m a g n e t  p ro d uc e s  exac tly t h e  s a m e  effec t  w h e t h e r
it  b e  o r  b e  no t  exci t e d  by  a  c u r r e n t;  a n d  (4) t h a t
a  gl as s  t u b e  filled  wi t h  cold  o r  w a r m  w a t e r  likewis e
p ro d uc e s  a n alogo us  effec t s ,  w hich  dis a p p e a r  w h e n  t h e
w a t e r  is r ais e d  to  t h e  t e m p e r a t u r e  of t h e  h u m a n  body.

It  s e e m s,  t h e r efo r e ,  t h a t  t h e  m a g n e tic  p rop e r ti es
of t h e  m a g n e t  cou n t  for  no t hing  in t h e  p h e no m e n a  obs e rve d.—Journal
d e  Physiq u e .

*       *       *       *  
    *

THE SCIENTIFIC AMERICAN SUPPLEMENT.

PUBLISH ED WEEKLY.

Ter m s  of S u b sc rip tion,  $ 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.
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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., P u blish e r s ,

3 6 1  Bro a d w ay, N e w  York, N.Y.

*       *       *       *  
    *

PATENTS.

In  con n e c tion  wi th  t h e  Scie n tific Ame rica n,  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  3 9  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 n tific Americ a n
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,
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
how  p roc u r e d.   Addr e s s

M U N N  & CO., 3 6 1  Bro a d w ay, N e w  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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THE SCIENTIFIC AMERICAN

ARCHITECTS AND BUILDERS EDITION.

$ 2.50  a  Year.  Single  Copies ,  2 5  Ce n t s.
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This  is a  S p e cial E di tion  of THE 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 ming,  p r a c tically, a  la r g e  a n d  s ple n did
M a g azin e  of Archit ec t u r e,  r ichly a do r n e d  wit h  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 ti ng
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 awings
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 n s,  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 nsive  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 .

The  fullnes s,  r ich n e s s ,  ch e a p n e s s ,  a n d  conve nie nc e
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of t his  wo rk  h ave  wo n  for  it  t h e  La rg e s t  Circ ula tion
of a ny Archit ec t u r al p u blica tion  in t h e  world.

M U N N  & CO., P u blish e r s ,  3 6 1  Bro a d w ay, N e w  York.

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.

*       *       *       *  
    *

BUILDING PLANS a n d  SPECIFICATIONS.

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
exe 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  Bro a d w ay, N e w  York.  
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