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THE USE OF IRON IN FORTIFICATION.

Roumania is thinking of protecting a portion of the artillery of the forts surrounding her 
capital by metallic cupolas.  But, before deciding upon the mode of constructing these 
formidable and costly affairs, and before ordering them, she has desired to ascertain 
their efficacy and the respective merits of the chilled iron armor which was recently in 
fashion and of rolled iron, which looks as if it were to be the fashion hereafter.

[Illustration:  Fig. 1.—Mougin’s rolled iron turret.]

The Krupp works have recommended and constructed a cupola of casehardened iron, 
while the Saint Chamond works have offered a turret of rolled iron.  Both of these 
recommend themselves by various merits, and by remarkably ingenious arrangements, 
and it only remains to be seen how they will behave under the fire of the largest pieces 
of artillery.

[Illustration:  Fig. 2.]

We are far in advance of the time when cannons with smooth bore were obliged to 
approach to within a very short range of a scarp in order to open a breach, and we are 
far beyond that first rifled artillery which effected so great a revolution in tactics.

[Illustration:  Fig. 3.]

To-day we station the batteries that are to tear open a rampart at distances therefrom of 
from 1,000 to 2,000 yards, and the long, 6 inch cannon that arms them has for probable 
deviations, under a charge of 20 pounds of powder, and at a distance of 1,000 yards, 28
feet in range, 16 inches in direct fire and 8 inches in curved.

The weight of the projectile is 88 pounds, and its remanent velocity at the moment of 
impact is 1,295 feet.  Under this enormous live force, the masonry gradually crumbles, 
and carries along the earth of the parapet, and opens a breach for the assaulting 
columns.

[Illustration:  Fig. 4—State of A cupola after the action of thirty-seven 6 in.  Projectiles.]

In order to protect the masonry of the scarp, engineers first lowered the cordon to the 
level of the covert-way.  Under these circumstances, the enemy, although he could no 
longer see it, reached it by a curved or “plunging” shot.  When, in fact, for a given 
distance we load a gun with the heaviest charge that it will stand, the trajectory, AMB 
(Fig. 2), is as depressed as possible, and the angles, a and a’, at the start and arrival 
are small, and we have a direct shot.  If we raise the chase of the piece, the projectile 
will describe a curve in space which would be a perfect parabola were it not for the 
resistance of the air, and the summit of such curve will rise in proportion as the angle so
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increases.  So long as the falling angle, a, remains less than 45 deg., we shall have a 
curved shot.  When the angle exceeds this, the shot is called “vertical.”  If we preserve 
the same charge, the parabolic curve in rising will meet the horizontal plane at a greater
distance off.  This is, as well known, the process employed for reaching more and more 
distant objects.
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[Illustration:  Fig. 5.—State of A cast-iron cupola after the breakage of A voussoir.]

The length of a gun depends upon the maximum charge burned in it, since the 
combustion must be complete when the projectile reaches the open air.  It results from 
this that although guns of great length are capable of throwing projectiles with small 
charges, it is possible to use shorter pieces for this purpose—such as howitzers for 
curved shots and mortars for vertical ones.  The curved shot finds one application in the
opening of breaches in scarp walls, despite the existence of a covering of great 
thickness.  If, from a point, a (Fig. 3), we wish to strike the point, b, of a scarp, over the 
crest, c, of the covert-way, it will suffice to pass a parabolic curve through these three 
points—the unknown data of the problem, and the charge necessary, being ascertained,
for any given piece, from the artillery tables.  In such cases it is necessary to ascertain 
the velocity at the impact, since the force of penetration depends upon the live force (mv
squared) of the projectile, and the latter will not penetrate masonry unless it have 
sufficient remanent velocity.  Live force, however, is not the sole factor that intervenes, 
for it is indispensable to consider the angle at which the projectile strikes the wall.  
Modern guns, such as the Krupp 6 inch and De Bange 6 and 8 inch, make a breach, the
two former at a falling angle of 22 deg., and the latter at one of 30 deg..  It is not easy to
lower the scarps enough to protect them from these blows, even by narrowing the ditch 
in order to bring them near the covering mass of the glacis.

The same guns are employed for dismounting the defender’s pieces, which he covers 
as much as possible behind the parapet.  Heavy howitzers destroy the materiel, while 
shrapnel, falling nearly vertically, and bursting among the men, render all operations 
impossible upon an open terre-plein.

[Illustration:  Fig. 6.—State of A chilled iron cupola broken by A 12 inch ball.]

The effect of 6 and 8 inch rifled mortars is remarkable.  The Germans have a 9 inch one
that weighs 3,850 pounds, and the projectile of which weighs 300.  But French mortars 
in nowise cede to those of their neighbors; Col.  De Bange, for example, has 
constructed a 101/2 inch one of wonderful power and accuracy.

Seeing the destructive power of these modern engines of war, it may well be asked how
many pieces the defense will be able to preserve intact for the last period of a siege—-
for the very moment at which it has most need of a few guns to hold the assailants in 
check and destroy the assaulting columns.  Engineers have proposed two methods of 
protecting these few indispensable pieces.  The first of these consists in placing each 
gun under a masonry vault, which is covered with earth on all sides except the one that 
contains the embrasure, this side being covered with armor plate.

9
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The second consists in placing one or two guns under a metallic cupola, the 
embrasures in which are as small as possible.  The cannon, in a vertical aim, revolves 
around the center of an aperture which may be of very small dimensions.  As regards 
direct aim, the carriages are absolutely fixed to the cupola, which itself revolves around 
a vertical axis.  These cupolas may be struck in three different ways:  (1) at right angles,
by a direct shot, and consequently with a full charge—very dangerous blows, that 
necessitate a great thickness of the armor plate; (2) obliquely, when the projectile, if the 
normal component of its real velocity is not sufficient to make it penetrate, will be 
deflected without doing the plate much harm; and (3) by a vertical shot that may strike 
the armor plate with great accuracy.

General Brialmont says that the metal of the cupola should be able to withstand both 
penetration and breakage; but these two conditions unfortunately require opposite 
qualities.  A metal of sufficient ductility to withstand breakage is easily penetrated, and, 
conversely, one that is hard and does not permit of penetration does not resist shocks 
well.  Up to the present, casehardened iron (Gruson) has appeared to best satisfy the 
contradictory conditions of the problem.  Upon the tempered exterior of this, projectiles 
of chilled iron and cast steel break upon striking, absorbing a part of their live force for 
their own breakage.

In 1875 Commandant Mougin performed some experiments with a chilled iron turret 
established after these plans.  The thickness of the metal normally to the blows was 
231/2 inches, and the projectiles were of cast steel.  The trial consisted in firing two 
solid 12 in. navy projectiles, 46 cylindrical 6 in. ones, weighing 100 lb., and 129 solid, 
pointed ones, 12 in. in diameter.  The 6 inch projectiles were fired from a distance of 
3,280 feet, with a remanent velocity of 1,300 feet.  The different phases of the 
experiment are shown in Figs. 4, 5, and 6.  The cupola was broken; but it is to be 
remarked that a movable and well-covered one would not have been placed under so 
disadvantageous circumstances as the one under consideration, upon which it was 
easy to superpose the blows.  An endeavor was next made to substitute a tougher 
metal for casehardened iron, and steel was naturally thought of.  But hammered steel 
broke likewise, and a mixed or compound metal was still less successful.  It became 
necessary, therefore, to reject hard metals, and to have recourse to malleable ones; and
the one selected was rolled iron.  Armor plate composed of this latter has been 
submitted to several tests, which appear to show that a thickness of 18 inches will serve
as a sufficient barrier to the shots of any gun that an enemy can conveniently bring into 
the field.

[Illustration:  Fig. 7.—Casemate of chilled iron after receiving Ninety-six shots.]
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Armor Plated Casemates.—Fig. 7 shows the state of a chilled iron casemate after a 
vigorous firing.  The system that we are about to describe is much better, and is due to 
Commandant Mougin.

[Illustration:  Fig. 8.—Mougin’s armor-plate casemate.]

The gun is placed under a vault whose generatrices are at right angles to the line of fire 
(Fig. 8), and which contains a niche that traverses the parapet.  This niche is of 
concrete, and its walls in the vicinity of the embrasure are protected by thick iron plate.  
The rectangular armor plate of rolled iron rests against an elastic cushion of sand 
compactly rammed into an iron plate caisson.  The conical embrasure traverses this 
cushion by means of a cast-steel piece firmly bolted to the caisson, and applied to the 
armor through the intermedium of a leaden ring.  Externally, the cheeks of the 
embrasure and the merlons consist of blocks of concrete held in caissons of strong iron 
plate.  The surrounding earthwork is of sand.  For closing the embrasure, Commandant 
Mougin provides the armor with a disk, c, of heavy rolled iron, which contains two 
symmetrical apertures.  This disk is movable around a horizontal axis, and its lower part
and its trunnions are protected by the sloping mass of concrete that covers the head of 
the casemate.  A windlass and chain give the disk the motion that brings one of its 
apertures opposite the embrasure or that closes the latter.  When this portion of the disk
has suffered too much from the enemy’s fire, a simple maneuver gives it a half 
revolution, and the second aperture is then made use of.

The Schumann-Gruson Chilled Iron Cupola.—This cupola (Fig. 9) is dome-shaped, and 
thus offers but little surface to direct fire; but it can be struck by a vertical shot, and it 
may be inquired whether its top can withstand the shock of projectiles from a 10 inch 
rifled mortar.  It is designed for two 6 inch guns placed parallel.  Its internal diameter is 
191/2 feet, and the dome is 8 inches in thickness and has a radius of 161/2 feet.  It rests
upon a pivot, p, around which it revolves through the intermedium of rollers placed in a 
circle, r.  The dome is of relatively small bulk—a bad feature as regards resistance to 
shock.  To obviate this difficulty, the inventor partitions it internally in such a way as to 
leave only sufficient space to maneuver the guns.  The partitions consist of iron plate 
boxes filled with concrete.  The form of the dome has one inconvenience, viz., the 
embrasure in it is necessarily very oblique, and offers quite an elongated ellipse to 
blows, and the edges of the bevel upon a portion of the circumference are not strong 
enough.  In order to close the embrasure as tightly as possible, the gun is surrounded 
with a ring provided with trunnions that enter the sides of the embrasure.  The motion of 
the piece necessary to aim it vertically is effected around this axis of rotation.  The 
weight of the gun is balanced by a system of counterpoises and the chains, l, and the 
breech terminates in a hollow screw, f, and a nut, g, held between two directing sectors, 
h.  The cupola is revolved by simply acting upon the rollers.
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[Illustration:  Fig. 9.—The Schumann-Gruson cupola.]

Mougin’s Rolled Iron Cupola.—The general form of this cupola (Fig. 1) is that of a 
cylindrical turret.  It is 123/4 feet in diameter, and rises 31/4 feet above the top of the 
glacis.  It has an advantage over the one just described in possessing more internal 
space, without having so large a diameter; and, as the embrasures are at right angles 
with the sides, the plates are less weakened.  The turret consists of three plates 
assembled by slit and tongue joints, and rests upon a ring of strong iron plate 
strengthened by angle irons.  Vertical partitions under the cheeks of the gun carriages 
serve as cross braces, and are connected with each other upon the table of the 
hydraulic pivot around which the entire affair revolves.  This pivot terminates in a 
plunger that enters a strong steel press-cylinder embedded in the masonry of the lower 
concrete vault.

The iron plate ring carries wheels and rollers, through the intermedium of which the 
turret is revolved.  The circular iron track over which these move is independent of the 
outer armor.

The whole is maneuvered through the action of one man upon the piston of a very small
hydraulic press.  The guns are mounted upon hydraulic carriages.  The brake that limits 
the recoil consists of two bronze pump chambers, a and b (Fig. 10).  The former of 
these is 4 inches in diameter, and its piston is connected with the gun, while the other is 
8 inches in diameter, and its piston is connected with two rows of 26 couples of 
Belleville springs, d.  The two cylinders communicate through a check valve.

When the gun is in battery, the liquid fills the chamber of the 4 inch pump, while the 
piston of the 8 inch one is at the end of its stroke.  A recoil has the effect of driving in the
4 inch piston and forcing the liquid into the other chamber, whose piston compresses 
the springs.  At the end of the recoil, the gunner has only to act upon the valve by 
means of a hand-wheel in order to bring the gun into battery as slowly as he desires, 
through the action of the springs.

[Illustration:  Fig. 10.—Mougin’s hydraulic gun carriage.]

For high aiming, the gun and the movable part of its carriage are capable of revolving 
around a strong pin, c, so placed that the axis of the piece always passes very near the 
center of the embrasure, thus permitting of giving the latter minimum dimensions.  The 
chamber of the 8 inch pump is provided with projections that slide between circular 
guides, and carries the strap of a small hydraulic piston, p, that suffices to move the 
entire affair in a vertical plane, the gun and movable carriage being balanced by a 
counterpoise, q.

The projectiles are hoisted to the breech of the gun by a crane.

12



Between the outer armor and turret sufficient space is left for a man to enter, in order to 
make repairs when necessary.
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Each of the rolled iron plates of which the turret consists weighs 19 tons.  The cupolas 
that we have examined in this article have been constructed on the hypothesis than an 
enemy will not be able to bring into the field guns of much greater caliber than 6 inches.
—Le Genie Civil.

* * * * *

HIGH SPEED ON THE OCEAN.

To the Editor of the Scientific American: 

Although not a naval engineer, I wish to reply to some arguments advanced by Capt.  
Giles, and published in the scientific American of Jan. 2, 1886, in regard to high speed 
on the ocean.

Capt.  Giles argues that because quadrupeds and birds do not in propelling themselves 
exert their force in a direct line with the plane of their motion, but at an angle to it, the 
same principle would, if applied to a steamship, increase its speed.  But let us look at 
the subject from another standpoint.  The quadruped has to support the weight of his 
body, and propel himself forward, with the same force.  If the force be applied 
perpendicularly, the body is elevated, but not moved forward.  If the force is applied 
horizontally, the body moves forward, but soon falls to the ground, because it is not 
supported.  But when the force is applied at the proper angle, the body is moved 
forward and at the same time supported.  Directly contrary to Capt.  Giles’ theory, the 
greater the speed of the quadruped, the nearer in a direct line with his motion does he 
apply the propulsive force, and vice versa.  This may easily be seen by any one 
watching the motions of the horse, hound, deer, rabbit, etc., when in rapid motion.  The 
water birds and animals, whose weight is supported by the water, do not exert the 
propulsive force in a downward direction, but in a direct line with the plane of their 
motion.  The man who swims does not increase his motion by kicking out at an angle, 
but by drawing the feet together with the legs straight, thus using the water between 
them as a double inclined plane, on which his feet and legs slide and thus increase his 
motion.  The weight of the steamship is already supported by the water, and all that is 
required of the propeller is to push her forward.  If set so as to act in a direct line with 
the plane of motion, it will use all its force to push her forward; if set so as to use its 
force in a perpendicular direction, it will use all its force to raise her out of the water.  If 
placed at an angle of 45 deg. with the plane of motion, half the force will be used in 
raising the ship out of the water, and only half will be left to push her forward.

Enos M. Ricker.

Park Rapids, Minn., Jan. 23, 1886.
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SIBLEY COLLEGE LECTURES.

By the Cornell University non-resident lecturers in mechanical engineering.
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PRINCIPLES AND METHODS OF BALANCING 
FORCES DEVELOPED IN MOVING BODIES.

By Chas. T. Porter.

Introduction.

On appearing for the first time before this Association, which, as I am informed, 
comprises the faculty and the entire body of students of the Sibley College of 
Mechanical Engineering and the Mechanic Arts, a reminiscence of the founder of this 
College suggests itself to me, in the relation of which I beg first to be indulged.

In the years 1847-8-9 I lived in Rochester, N.Y., and formed a slight acquaintance with 
Mr. Sibley, whose home was then, as it has ever since been, in that city.  Nearly twelve 
years afterward, in the summer of 1861, which will be remembered as the first year of 
our civil war, I met Mr. Sibley again.  We happened to occupy a seat together in a car 
from New York to Albany.  He recollected me, and we had a conversation which made a 
lasting impression on my memory.  I said we had a conversation.  That reminds me of a 
story told by my dear friend, of precious memory, Alexander L. Holley.  One summer Mr. 
Holley accompanied a party of artists on an excursion to Mt.  Katahdin, which, as you 
know, rises in almost solitary grandeur amid the forests and lakes of Maine.  He wrote, 
in his inimitably happy style, an account of this excursion, which appeared some time 
after in Scribner’s Monthly, elegantly illustrated with views of the scenery.  Among other 
things, Mr. Holley related how he and Mr. Church painted the sketches for a grand 
picture of Mt.  Katahdin.  “That is,” he explained, “Mr. Church painted, and I held the 
umbrella.”

This describes the conversation which Mr. Sibley and I had.  Mr. Sibley talked, and I 
listened.  He was a good talker, and I flatter myself that I rather excel as a listener.  On 
that occasion I did my best, for I knew whom I was listening to.  I was listening to the 
man who combined bold and comprehensive grasp of thought, unerring foresight and 
sagacity, and energy of action and power of accomplishment, in a degree not 
surpassed, if it was equaled, among men.

Some years before, Mr. Sibley had created the Western Union Telegraph Company.  At 
that time telegraphy was in a very depressed state.  The country was to a considerable 
extent occupied by local lines, chartered under various State laws, and operated without
concert.  Four rival companies, organized under the Morse, the Bain, the House, and 
the Hughes patents, competed for the business.  Telegraph stock was nearly valueless. 
Hiram Sibley, a man of the people, a resident of an inland city, of only moderate fortune,
alone grasped the situation.  He saw that the nature of the business, and the demands 
of the country, alike required that a single organization, in which all interests should be 
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combined, should cover the entire land with its network, by means of which every center
and every outlying point, distant as well as
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near, could communicate with each other directly, and that such an organization must 
be financially successful.  He saw all this vividly, and realized it with the most intense 
earnestness of conviction.  With Mr. Sibley, to be convinced was to act; and so he set 
about the task of carrying this vast scheme into execution.  The result is well known.  By
his immense energy, the magnetic power with which he infused his own convictions into
other minds, the direct, practical way in which he set about the work, and his 
indomitable perseverance, Mr. Sibley attained at last a phenomenal success.

But he was not then telling me anything about this.  He was telling me of the 
construction of the telegraph line to the Pacific Coast.  Here again Mr. Sibley had seen 
that which was hidden from others.  This case differed from the former one in two 
important respects.  Then Mr. Sibley had been dependent on the aid and co-operation 
of many persons; and this he had been able to secure.  Now, he could not obtain help 
from a human being; but he had become able to act independently of any assistance.

He had made a careful study of the subject, in his thoroughly practical way, and had 
become convinced that such a line was feasible, and would be remunerative.  At his 
instance a convention of telegraph men met in the city of New York, to consider the 
project.  The feeling in this convention was extremely unfavorable to it.  A committee 
reported against it unanimously, on three grounds—the country was destitute of timber, 
the line would be destroyed by the Indians, and if constructed and maintained, it would 
not pay expenses.  Mr. Sibley found himself alone.  An earnest appeal which he made 
from the report of the committee was received with derisive laughter.  The idea of 
running a telegraph line through what was then a wilderness, roamed over for between 
one and two thousand miles of its breadth by bands of savages, who of course would 
destroy the line as soon as it was put up, and where repairs would be difficult and 
useless, even if the other objections to it were out of the way, struck the members of the
convention as so exquisitely ludicrous that it seemed as if they would never be done 
laughing about it.  If Mr. Sibley had advocated a line to the moon, they would hardly 
have seen in it greater evidence of lunacy.  When he could be heard, he rose again and 
said:  “Gentlemen, you may laugh, but if I was not so old, I would build the line myself.”  
Upon this, of course, they laughed louder than ever.  As they laughed, he grew mad, 
and shouted:  “Gentlemen, I will bar the years, and do it.”  And he did it.  Without help 
from any one, for every man who claimed a right to express an opinion upon it scouted 
the project as chimerical, and no capitalist would put a dollar in it, Hiram Sibley built the 
line of telegraph to San Francisco, risking in it all he had in the world.  He set about the 
work with his customary energy, all obstacles vanished, and the line
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was completed in an incredibly short time.  And from the day it was opened, it has 
proved probably the most profitable line of telegraph that has ever been constructed.  
There was the practicability, and there was the demand and the business to be done, 
and yet no living man could see it, or could be made to see it, except Hiram Sibley.  
“And to-day,” he said, with honest pride, “to-day in New York, men to whom I went 
almost on my knees for help in building this line, and who would not give me a dollar, 
have solicited me to be allowed to buy stock in it at the rate of five dollars for one.”

“But how about the Indians?” I asked.  “Why,” he replied, “we never had any trouble 
from the Indians.  I knew we wouldn’t have.  Men who supposed I was such a fool as to 
go about this undertaking before that was all settled didn’t know me.  No Indian ever 
harmed that line.  The Indians are the best friends we have got.  You see, we taught the 
Indians the Great Spirit was in that line; and what was more, we proved it to them.  It 
was, by all odds, the greatest medicine they ever saw.  They fairly worshiped it.  No 
Indian ever dared to do it harm.”

“But,” he added, “there was one thing I didn’t count on.  The border ruffians in Missouri 
are as bad as anybody ever feared the Indians might be.  They have given us so much 
trouble that we are now building a line around that State, through Iowa and Nebraska.  
We are obliged to do it.”

This opened another phase of the subject.  The telegraph line to the Pacific had a value 
beyond that which could be expressed in money.  It was perhaps the strongest of all the
ties which bound California so securely to the Union, in the dark days of its struggle for 
existence.  The secession element in Missouri recognized the importance of the line in 
this respect, and were persistent in their efforts to destroy it.  We have seen by what 
means their purpose was thwarted.

I have always felt that, among the countless evidences of the ordering of Providence by 
which the war for the preservation of the Union was signalized, not the least striking was
the raising up of this remarkable man, to accomplish alone, and in the very nick of time, 
a work which at once became of such national importance.

This is the man who has crowned his useful career, and shown again his eminently 
practical character and wise foresight, by the endowment of this College, which cannot 
fail to be a perennial source of benefit to the country whose interests he has done so 
much to promote, and which his remarkable sagacity and energy contributed so much 
to preserve.

We have an excellent rule, followed by all successful designers of machinery, which is, 
to make provision for the extreme case, for the most severe test to which, under normal 
conditions, and so far as practicable under abnormal conditions also, the machinery can
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be subjected.  Then, of course, any demands upon it which are less than the extreme 
demand are not likely to give trouble.  I shall apply this principle in addressing you to-
day.  In what I have to say, I shall speak directly to the youngest and least advanced 
minds among my auditors.  If I am successful in making an exposition of my subject 
which shall be plain to them, then it is evident that I need not concern myself about 
being understood by the higher class men and the professors.
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The subject to which your attention is now invited is

THE PRINCIPLES AND METHODS OF BALANCING FORCES DEVELOPED IN 
MOVING BODIES.

This is a subject with which every one who expects to be concerned with machinery, 
either as designer or constructor, ought to be familiar.  The principles which underlie it 
are very simple, but in order to be of use, these need to be thoroughly understood.  If 
they have once been mastered, made familiar, incorporated into your intellectual being, 
so as to be readily and naturally applied to every case as it arises, then you occupy a 
high vantage ground.  In this particular, at least, you will not go about your work 
uncertainly, trying first this method and then that one, or leaving errors to be disclosed 
when too late to remedy them.  On the contrary, you will make, first your calculations 
and then your plans, with the certainty that the result will be precisely what you intend.

Moreover, when you read discussions on any branch of this subject, you will not receive
these into unprepared minds, just as apt to admit error as truth, and possessing no test 
by which to distinguish the one from the other; but you will be able to form intelligent 
judgments with respect to them.  You will discover at once whether or not the writers are
anchored to the sure holding ground of sound principles.

It is to be observed that I do not speak of balancing bodies, but of balancing forces.  
Forces are the realities with which, as mechanical engineers, you will have directly to 
deal, all through your lives.  The present discussion is limited also to those forces which 
are developed in moving bodies, or by the motion of bodies.  This limitation excludes 
the force of gravity, which acts on all bodies alike, whether at rest or in motion.  It is, 
indeed, often desirable to neutralize the effect of gravity on machinery.  The methods of 
doing this are, however, obvious, and I shall not further refer to them.

Two very different forces, or manifestations of force, are developed by the motion of 
bodies.  These are

MOMENTUM AND CENTRIFUGAL FORCE.

The first of these forces is exerted by every moving body, whatever the nature of the 
path in which it is moving, and always in the direction of its motion.  The latter force is 
exerted only by bodies whose path is a circle, or a curve of some form, about a central 
body or point, to which it is held, and this force is always at right angles with the 
direction of motion of the body.

Respecting momentum, I wish only to call your attention to a single fact, which will 
become of importance in the course of our discussion.  Experiments on falling bodies, 
as well as all experience, show that the velocity of every moving body is the product of 

21



two factors, which must combine to produce it.  Those factors are force and distance.  In
order to impart motion to the body, force must act through distance.  These two factors 
may be combined in any proportions whatever.  The velocity imparted to the body will 
vary as the square root of their product.  Thus, in the case of any given body,
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Let  forc e  1,  a c ting  t h rou g h  dis t a nc e  1,   imp a r t  veloci ty 1.  
The n   "   1 ,    "        "      "     4 ,  will "     "     2 ,  o r
"   2 ,    "        "      "     2 ,   "   "     "     2 ,  o r
"   4 ,    "        "      "     1 ,   "   "     "     2 ;
And   "   1 ,    "        "      "     9 ,   "   "     "     3 ,  o r
"   3 ,    "        "      "     3 ,   "   "     "     3 ,  o r
"   9 ,    "        "      "     1 ,   "   "     "     3 .

This table might be continued indefinitely.  The product of the force into the distance will 
always vary as the square of the final velocity imparted.  To arrest a given velocity, the 
same force, acting through the same distance, or the same product of force into 
distance, is required that was required to impart the velocity.

The fundamental truth which I now wish to impress upon your minds is that in order to 
impart velocity to a body, to develop the energy which is possessed by a body in 
motion, force must act through distance.  Distance is a factor as essential as force.  
Infinite force could not impart to a body the least velocity, could not develop the least 
energy, without acting through distance.

This exposition of the nature of momentum is sufficient for my present purpose.  I shall 
have occasion to apply it later on, and to describe the methods of balancing this force, 
in those cases in which it becomes necessary or desirable to do so.  At present I will 
proceed to consider the second of the forces, or manifestations of force, which are 
developed in moving bodies—centrifugal force.

This force presents its claims to attention in all bodies which revolve about fixed 
centers, and sometimes these claims are presented with a good deal of urgency.  At the
same time, there is probably no subject, about which the ideas of men generally are 
more vague and confused.  This confusion is directly due to the vague manner in which 
the subject of centrifugal force is treated, even by our best writers.  As would then 
naturally be expected, the definitions of it commonly found in our handbooks are 
generally indefinite, or misleading, or even absolutely untrue.

Before we can intelligently consider the principles and methods of balancing this force, 
we must get a correct conception of the nature of the force itself.  What, then, is 
centrifugal force?  It is an extremely simple thing; a very ordinary amount of mechanical 
intelligence is sufficient to enable one to form a correct and clear idea of it.  This fact 
renders it all the more surprising that such inaccurate and confused language should be
employed in its definition.  Respecting writers, also, who use language with precision, 
and who are profound masters of this subject, it must be said that, if it had been their 
purpose to shroud centrifugal force in mystery, they could hardly have accomplished 
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this purpose more effectually than they have done, to minds by whom it was not already
well understood.
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Let us suppose a body to be moving in a circular path, around a center to which it is 
firmly held; and let us, moreover, suppose the impelling force, by which the body was 
put in motion, to have ceased; and, also, that the body encounters no resistance to its 
motion.  It is then, by our supposition, moving in its circular path with a uniform velocity, 
neither accelerated nor retarded.  Under these conditions, what is the force which is 
being exerted on this body?  Clearly, there is only one such force, and that is, the force 
which holds it to the center, and compels it, in its uniform motion, to maintain a fixed 
distance from this center.  This is what is termed centripetal force.  It is obvious, that the
centripetal force, which holds this revolving body to the center, is the only force which is 
being exerted upon it.

Where, then, is the centrifugal force?  Why, the fact is, there is not any such thing.  In 
the dynamical sense of the term “force,” the sense in which this term is always 
understood in ordinary speech, as something tending to produce motion, and the 
direction of which determines the direction in which motion of a body must take place, 
there is, I repeat, no such thing as centrifugal force.

There is, however, another sense in which the term “force” is employed, which, in 
distinction from the above, is termed a statical sense.  This “statical force” is the force 
by the exertion of which a body keeps still.  It is the force of inertia—the resistance 
which all matter opposes to a dynamical force exerted to put it in motion.  This is the 
sense in which the term “force” is employed in the expression “centrifugal force.”  Is that
all? you ask.  Yes; that is all.

I must explain to you how it is that a revolving body exerts this resistance to being put in
motion, when all the while it is in motion, with, according to our above supposition, a 
uniform velocity.  The first law of motion, so far as we now have occasion to employ it, is
that a body, when put in motion, moves in a straight line.  This a moving body always 
does, unless it is acted on by some force, other than its impelling force, which deflects 
it, or turns it aside, from its direct line of motion.  A familiar example of this deflecting 
force is afforded by the force of gravity, as it acts on a projectile.  The projectile, 
discharged at any angle of elevation, would move on in a straight line forever, but, first, 
it is constantly retarded by the resistance of the atmosphere, and, second, it is 
constantly drawn downward, or made to fall, by the attraction of the earth; and so 
instead of a straight line it describes a curve, known as the trajectory.

Now a revolving body, also, has the same tendency to move in a straight line.  It would 
do so, if it were not continually deflected from this line.  Another force is constantly 
exerted upon it, compelling it, at every successive point of its path, to leave the direct 
line of motion, and move on a line which is everywhere equally distant from the center 
to which it is held.  If at any point the revolving body could get free, and sometimes it 
does get free, it would move straight on, in a line tangent to the circle at the point of its 
liberation.  But if it cannot get free, it is compelled to leave each new tangential 
direction, as soon as it has taken it.
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This is illustrated in the above figure.  The body, A, is supposed to be revolving in the 
direction indicated by the arrow, in the circle, A B F G, around the center, O, to which it 
is held by the cord, O A. At the point, A, it is moving in the tangential direction, A D. It 
would continue to move in this direction, did not the cord, O A, compel it to move in the 
arc, A C. Should this cord break at the point, A, the body would move; straight on toward
D, with whatever velocity it had.

You perceive now what centrifugal force is.  This body is moving in the direction, A D. 
The centripetal force, exerted through the cord, O A, pulls it aside from this direction of 
motion.  The body resists this deflection, and this resistance is its centrifugal force.

[Illustration:  Fig. 1]

Centrifugal force is, then, properly defined to be the disposition of a revolving body to 
move in a straight line, and the resistance which such a body opposes to being drawn 
aside from a straight line of motion.  The force which draws the revolving body 
continually to the center, or the deflecting force, is called the centripetal force, and, 
aside from the impelling and retarding forces which act in the direction of its motion, the 
centripetal force is, dynamically speaking, the only force which is exerted on the body.

It is true, the resistance of the body furnishes the measure of the centripetal force.  That
is, the centripetal force must be exerted in a degree sufficient to overcome this 
resistance, if the body is to move in the circular path.  In this respect, however, this case
does not differ from every other case of the exertion of force.  Force is always exerted to
overcome resistance:  otherwise it could not be exerted.  And the resistance always 
furnishes the exact measure of the force.  I wish to make it entirely clear, that in the 
dynamical sense of the term “force,” there is no such thing as centrifugal force.  The 
dynamical force, that which produces motion, is the centripetal force, drawing the body 
continually from the tangential direction, toward the center; and what is termed 
centrifugal force is merely the resistance which the body opposes to this deflection, 
precisely like any other resistance to a force.

The centripetal force is exerted on the radial line, as on the line, A O, Fig. 1, at right 
angles with the direction in which the body is moving; and draws it directly toward the 
center.  It is, therefore, necessary that the resistance to this force shall also be exerted 
on the same line, in the opposite direction, or directly from the center.  But this 
resistance has not the least power or tendency to produce motion in the direction in 
which it is exerted, any more than any other resistance has.
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We have been supposing a body to be firmly held to the center, so as to be compelled 
to revolve about it in a fixed path.  But the bond which holds it to the center may be 
elastic, and in that case, if the centrifugal force is sufficient, the body will be drawn from 
the center, stretching the elastic bond.  It may be asked if this does not show centrifugal 
force to be a force tending to produce motion from the center.  This question is 
answered by describing the action which really takes place.  The revolving body is now 
imperfectly deflected.  The bond is not strong enough to compel it to leave its direct line 
of motion, and so it advances a certain distance along this tangential line.  This advance
brings the body into a larger circle, and by this enlargement of the circle, assuming the 
rate of revolution to be maintained, its centrifugal force is proportionately increased.  
The deflecting power exerted by the elastic bond is also increased by its elongation.  If 
this increase of deflecting force is no greater than the increase of centrifugal force, then 
the body will continue on in its direct path; and when the limit of its elasticity is reached, 
the deflecting bond will be broken.  If, however, the strength of the deflecting bond is 
increased by its elongation in a more rapid ratio than the centrifugal force is increased 
by the enlargement of the circle, then a point will be reached in which the centripetal 
force will be sufficient to compel the body to move again in the circular path.

Sometimes the centripetal force is weak, and opportunity is afforded to observe this 
action, and see its character exhibited.  A common example of weak centripetal force is 
the adhesion of water to the face of a revolving grindstone.  Here we see the deflecting 
force to become insufficient to compel the drops of water longer to leave their direct 
paths, and so these do not longer leave their direct paths, but move on in those paths, 
with the velocity they have at the instant of leaving the stone, flying off on tangential 
lines.

If, however, a fluid be poured on the side of the revolving wheel near the axis, it will 
move out to the rim on radial lines, as may be observed on car wheels universally.  The 
radial lines of black oil on these wheels look very much as if centrifugal force actually 
did produce motion, or had at least a very decided tendency to produce motion, in the 
radial direction.  This interesting action calls for explanation.  In this action the oil moves
outward gradually, or by inconceivably minute steps.  Its adhesion being overcome in 
the least possible degree, it moves in the same degree tangentially.  In so doing it 
comes in contact with a point of the surface which has a motion more rapid than its 
own.  Its inertia has now to be overcome, in the same degree in which it had overcome 
the adhesion.  Motion in the radial direction is the result of these two actions, namely, 
leaving the first point of contact tangentially and receiving an acceleration of its motion,
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so that this shall be equal to that of the second point of contact.  When we think about 
the matter a little closely, we see that at the rim of the wheel the oil has perhaps ten 
times the velocity of revolution which it had on leaving the journal, and that the mystery 
to be explained really is, How did it get that velocity, moving out on a radial line?  Why 
was it not left behind at the very first?  Solely by reason of its forward tangential motion. 
That is the answer.

When writers who understand the subject talk about the centripetal and centrifugal 
forces being different names for the same force, and about equal action and reaction, 
and employ other confusing expressions, just remember that all they really mean is to 
express the universal relation between force and resistance.  The expression 
“centrifugal force” is itself so misleading, that it becomes especially important that the 
real nature of this so-called force, or the sense in which the term “force” is used in this 
expression, should be fully explained.[1] This force is now seen to be merely the 
tendency of a revolving body to move in a straight line, and the resistance which it 
opposes to being drawn aside from that line.  Simple enough!  But when we come to 
consider this action carefully, it is wonderful how much we find to be contained in what 
appears so simple.  Let us see.

[Footnote 1:  I was led to study this subject in looking to see what had become of my 
first permanent investment, a small venture, made about thirty-five years ago, in the 
“Sawyer and Gwynne static pressure engine.”  This was the high-sounding name of the 
Keely motor of that day, an imposition made possible by the confused ideas prevalent 
on this very subject of centrifugal force.]

FIRST.—I have called your attention to the fact that the direction in which the revolving 
body is deflected from the tangential line of motion is toward the center, on the radial 
line, which forms a right angle with the tangent on which the body is moving.  The first 
question that presents itself is this:  What is the measure or amount of this deflection?  
The answer is, this measure or amount is the versed sine of the angle through which 
the body moves.

Now, I suspect that some of you—some of those whom I am directly addressing—may 
not know what the versed sine of an angle is; so I must tell you.  We will refer again to 
Fig. 1.  In this figure, O A is one radius of the circle in which the body A is revolving.  O 
C is another radius of this circle.  These two radii include between them the angle A O 
C. This angle is subtended by the arc A C. If from the point O we let fall the line C E 
perpendicular to the radius O A, this line will divide the radius O A into two parts, O E 
and E A. Now we have the three interior lines, or the three lines within the circle, which 
are fundamental in trigonometry.  C E is the sine, O E is the cosine, and E A is the 
versed sine of the angle A O C. Respecting these three lines there are many things to 
be observed.  I will call your attention to the following only: 
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First.—Their length is always less than the radius.  The radius is expressed by 1, or 
unity.  So, these lines being less than unity, their length is always expressed by 
decimals, which mean equal to such a proportion of the radius.

Second.—The cosine and the versed sine are together equal to the radius, so that the 
versed sine is always 1, less the cosine.

Third.—If I diminish the angle A O C, by moving the radius O C toward O A, the sine C E
diminishes rapidly, and the versed sine E A also diminishes, but more slowly, while the 
cosine O E increases.  This you will see represented in the smaller angles shown in Fig.
2.  If, finally, I make O C to coincide with O A, the angle is obliterated, the sine and the 
versed sine have both disappeared, and the cosine has become the radius.

Fourth.—If, on the contrary, I enlarge the angle A O C by moving the radius O C toward 
O B, then the sine and the versed sine both increase, and the cosine diminishes; and if, 
finally, I make O C coincide with O B, then the cosine has disappeared, the sine has 
become the radius O B, and the versed sine has become the radius O A, thus forming 
the two sides inclosing the right angle A O B. The study of this explanation will make 
you familiar with these important lines.  The sine and the cosine I shall have occasion to
employ in the latter part of my lecture.  Now you know what the versed sine of an angle 
is, and are able to observe in Fig. 1 that the versed sine A E, of the angle A O C, 
represents in a general way the distance that the body A will be deflected from the 
tangent A D toward the center O while describing the arc A C.

The same law of deflection is shown, in smaller angles, in Fig. 2.  In this figure, also, 
you observe in each of the angles A O B and A O C that the deflection, from the 
tangential direction toward the center, of a body moving in the arc A C is represented by 
the versed sine of the angle.  The tangent to the arc at A, from which this deflection is 
measured, is omitted in this figure to avoid confusion.  It is shown sufficiently in Fig. 1.  
The angles in Fig. 2 are still pretty large angles, being 12 deg. and 24 deg. respectively. 
These large angles are used for convenience of illustration; but it should be explained 
that this law does not really hold in them, as is evident, because the arc is longer than 
the tangent to which it would be connected by a line parallel with the versed sine.  The 
law is absolutely true only when the tangent and arc coincide, and approximately so for 
exceedingly small angles.

[Illustration:  Fig. 2]

In reality, however, we have only to do with the case in which the arc and the tangent do
coincide, and in which the law that the deflection is equal to the versed sine of the angle
is absolutely true.  Here, in observing this most familiar thing, we are, at a single step, 
taken to that which is utterly beyond our comprehension.  The angles we have to 
consider disappear, not only from our sight, but even from our conception.  As in every 
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other case when we push a physical investigation to its limit, so here also, we find our 
power of thought transcended, and ourselves in the presence of the infinite.
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We can discuss very small angles.  We talk familiarly about the angle which is 
subtended by 1” of arc.  On Fig. 2, a short line is drawn near to the radius O A’.  The 
distance between O A’ and this short line is 1 deg. of the arc A’ B’.  If we divide this 
distance by 3,600, we get 1” of arc.  The upper line of the Table of versed sines given 
below is the versed sine of 1” of arc.  It takes 1,296,000 of these angles to fill a circular 
space.  These are a great many angles, but they do not make a circle.  They make a 
polygon.  If the radius of the circumscribed circle of this polygon is 1,296,000 feet, which
is nearly 213 geographical miles, each one of its sides will be a straight line, 6.283 feet 
long.  On the surface of the earth, at the equator, each side of this polygon would be 
one-sixtieth of a geographical mile, or 101.46 feet.  On the orbit of the moon, at its mean
distance from the earth, each of these straight sides would be about 6,000 feet long.

The best we are able to do is to conceive of a polygon having an infinite number of 
sides, and so an infinite number of angles, the versed sines of which are infinitely small,
and having, also, an infinite number of tangential directions, in which the body can 
successively move.  Still, we have not reached the circle.  We never can reach the 
circle.  When you swing a sling around your head, and feel the uniform stress exerted 
on your hand through the cord, you are made aware of an action which is entirely 
beyond the grasp of our minds and the reach of our analysis.

So always in practical operation that law is absolutely true which we observe to be 
approximated to more and more nearly as we consider smaller and smaller angles, that 
the versed sine of the angle is the measure of its deflection from the straight line of 
motion, or the measure of its fall toward the center, which takes place at every point in 
the motion of a revolving body.

Then, assuming the absolute truth of this law of deflection, we find ourselves able to 
explain all the phenomena of centrifugal force, and to compute its amount correctly in all
cases.

We have now advanced two steps.  We have learned the direction and the measure of 
the deflection, which a revolving body continually suffers, and its resistance to which is 
termed centrifugal force.  The direction is toward the center, and the measure is the 
versed sine of the angle.

SECOND.—We next come to consider what are known as the laws of centrifugal force.  
These laws are four in number.  They are, that the amount of centrifugal force exerted 
by a revolving body varies in four ways.

First.—Directly as the weight of the body.

Second.—In a given circle of revolution, as the square of the speed or of the number of 
revolutions per minute; which two expressions in this case mean the same thing.
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Third.—With a given number of revolutions per minute, or a given angular velocity[1] 
directly as the radius of the circle; and
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Fourth.—With a given actual velocity, or speed in feet per minute, inversely as the 
radius of the circle.

[Footnote 1:  A revolving body is said to have the same angular velocity, when it sweeps
through equal angles in equal times.  Its actual velocity varies directly as the radius of 
the circle in which it is revolving.]

Of course there is a reason for these laws.  You are not to learn them by rote, or to 
accept them on any authority.  You are taught not to accept any rule or formula on 
authority, but to demand the reason for it—to give yourselves no rest until you know the 
why and wherefore, and comprehend these fully.  This is education, not cramming the 
mind with mere facts and rules to be memorized, but drawing out the mental powers 
into activity, strengthening them by use and exercise, and forming the habit, and at the 
same time developing the power, of penetrating to the reason of things.

In this way only, you will be able to meet the requirement of a great educator, who said: 
“I do not care to be told what a young man knows, but what he can do.”  I wish here to 
add my grain to the weight of instruction which you receive, line upon line, precept on 
precept, on this subject.

The reason for these laws of centrifugal force is an extremely simple one.  The first law, 
that this force varies directly as the weight of the body, is of course obvious.  We need 
not refer to this law any further.  The second, third, and fourth laws merely express the 
relative rates at which a revolving body is deflected from the tangential direction of 
motion, in each of the three cases described, and which cases embrace all possible 
conditions.

These three rates of deflection are exhibited in Fig. 2.  An examination of this figure will 
give you a clear understanding of them.  Let us first suppose a body to be revolving 
about the point, O, as a center, in a circle of which A B C is an arc, and with a velocity 
which will carry it from A to B in one second of time.  Then in this time the body is 
deflected from the tangential direction a distance equal to A D, the versed sine of the 
angle A O B. Now let us suppose the velocity of this body to be doubled in the same 
circle.  In one second of time it moves from A to C, and is deflected from the tangential 
direction of motion a distance equal to A E, the versed sine of the angle, A O C. But A E 
is four times A D. Here we see in a given circle of revolution the deflection varying as 
the square of the speed.  The slight error already pointed out in these large angles is 
disregarded.

The following table will show, by comparison of the versed sines of very small angles, 
the deflection in a given circle varying as the square of the speed, when we penetrate to
them, so nearly that the error is not disclosed at the fifteenth place of decimals.
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The  ve rs e d  sine  of   1”  is 0 .0 0 0,00 0,00 0,01 1,75 2
"   "      "   "    2” is 0 .00 0,00 0,0 00,0 4 7,00 8
"   "      "   "    3” is 0 .00 0,00 0,0 00,1 0 5,76 8
"   "      "   "    4” is 0 .00 0,00 0,0 00,1 8 8,03 2
"   "      "   "    5” is 0 .00 0,00 0,0 00,2 9 3,80 5
"   "      "   "    6” is 0 .00 0,00 0,0 00,4 2 3,07 2
"   "      "   "    7” is 0 .00 0,00 0,0 00,5 7 5,84 8
"   "      "   "    8” is 0 .00 0,00 0,0 00,7 5 2,12 8
"   "      "   "    9” is 0 .00 0,00 0,0 00,9 5 1,91 2
"   "      "   "   1 0” is 0 .00 0,0 00,0 0 1,17 5,22 2
"   "      "   "  1 0 0” is 0 .0 00,0 0 0,11 7,52 2,25 0

You observe the deflection for 10” of arc is 100 times as great, and for 100” of arc is 
10,000 times as great as it is for 1” of arc.  So far as is shown by the 15th place of 
decimals, the versed sine varies as the square of the angle; or, in a given circle, the 
deflection, and so the centrifugal force, of a revolving body varies as the square of the 
speed.

The reason for the third law is equally apparent on inspection of Fig. 2.  It is obvious, 
that in the case of bodies making the same number of revolutions in different circles, the
deflection must vary directly as the diameter of the circle, because for any given angle 
the versed sine varies directly as the radius.  Thus radius O A’ is twice radius O A, and 
so the versed sine of the arc A’ B’ is twice the versed sine of the arc A B. Here, while the
angular velocity is the same, the actual velocity is doubled by increase in the diameter 
of the circle, and so the deflection is doubled.  This exhibits the general law, that with a 
given angular velocity the centrifugal force varies directly as the radius or diameter of 
the circle.

We come now to the reason for the fourth law, that, with a given actual velocity, the 
centrifugal force varies inversely as the diameter of the circle.  If any of you ever 
revolved a weight at the end of a cord with some velocity, and let the cord wind up, 
suppose around your hand, without doing anything to accelerate the motion, then, while 
the circle of revolution was growing smaller, the actual velocity continuing nearly 
uniform, you have felt the continually increasing stress, and have observed the 
increasing angular velocity, the two obviously increasing in the same ratio.  That is the 
operation or action which the fourth law of centrifugal force expresses.  An examination 
of this same figure (Fig. 2) will show you at once the reason for it in the increasing 
deflection which the body suffers, as its circle of revolution is contracted.  If we take the 
velocity A’ B’, double the velocity A B, and transfer it to the smaller circle, we have the 
velocity A C. But the deflection has been increasing as we have reduced the circle, and 
now with one half the radius it is twice as great.  It has increased in the same ratio in 
which the angular velocity has increased.  Thus we see the simple and necessary 
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nature of these laws.  They merely express the different rates of deflection of a revolving
body in these different cases.
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THIRD.—We have a coefficient of centrifugal force, by which we are enabled to 
compute the amount of this resistance of a revolving body to deflection from a direct line
of motion in all cases.  This is that coefficient.  The centrifugal force of a body making 
one revolution per minute, in a circle of one foot radius, is 0.000341 of the weight of the 
body.

According to the above laws, we have only to multiply this coefficient by the square of 
the number of revolutions made by the body per minute, and this product by the radius 
of the circle in feet, or in decimals of a foot, and we have the centrifugal force, in terms 
of the weight of the body.  Multiplying this by the weight of the body in pounds, we have 
the centrifugal force in pounds.

Of course you want to know how this coefficient has been found out, and how you can 
be sure it is correct.  I will tell you a very simple way.  There are also mathematical 
methods of ascertaining this coefficient, which your professors, if you ask them, will let 
you dig out for yourselves.  The way I am going to tell you I found out for myself, and 
that, I assure you, is the only way to learn anything, so that it will stick; and the more 
trouble the search gives you, the darker the way seems, and the greater the degree of 
perseverance that is demanded, the more you will appreciate the truth when you have 
found it, and the more complete and permanent your possession of it will be.

The explanation of this method may be a little more abstruse than the explanations 
already given, but it is very simple and elegant when you see it, and I fancy I can make 
it quite clear.  I shall have to preface it by the explanation of two simple laws.  The first 
of these is, that a body acted on by a constant force, so as to have its motion uniformly 
accelerated, suppose in a straight line, moves through distances which increase as the 
square of the time that the accelerating force continues to be exerted.

The necessary nature of this law, or rather the action of which this law is the expression,
is shown in Fig. 3.

[Illustration:  Fig. 3]

Let the distances A B, B C, C D, and D E in this figure represent four successive 
seconds of time.  They may just as well be conceived to represent any other equal 
units, however small.  Seconds are taken only for convenience.  At the commencement 
of the first second, let a body start from a state of rest at A, under the action of a 
constant force, sufficient to move it in one second through a distance of one foot.  This 
distance also is taken only for convenience.  At the end of this second, the body will 
have acquired a velocity of two feet per second.  This is obvious because, in order to 
move through one foot in this second, the body must have had during the second an 
average velocity of one foot per second.  But at the commencement of the second it had
no velocity.  Its motion increased uniformly.  Therefore, at
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the termination of the second its velocity must have reached two feet per second.  Let 
the triangle A B F represent this accelerated motion, and the distance, of one foot, 
moved through during the first second, and let the line B F represent the velocity of two 
feet per second, acquired by the body at the end of it.  Now let us imagine the action of 
the accelerating force suddenly to cease, and the body to move on merely with the 
velocity it has acquired.  During the next second it will move through two feet, as 
represented by the square B F C I. But in fact, the action of the accelerating force does 
not cease.  This force continues to be exerted, and produces on the body during the 
next second the same effect that it did during the first second, causing it to move 
through an additional foot of distance, represented by the triangle F I G, and to have its 
velocity accelerated two additional feet per second, as represented by the line I G. So in
two seconds the body has moved through four feet.  We may follow the operation of this
law as far as we choose.  The figure shows it during four seconds, or any other unit, of 
time, and also for any unit of distance.  Thus: 

Tim e  1            Dis t a n c e  1
"  2                "    4
"  3                "    9
"  4                "   1 6

So it is obvious that the distance moved through by a body whose motion is uniformly 
accelerated increases as the square of the time.

But, you are asking, what has all this to do with a revolving body?  As soon as your 
minds can be started from a state of rest, you will perceive that it has everything to do 
with a revolving body.  The centripetal force, which acts upon a revolving body to draw it
to the center, is a constant force, and under it the revolving body must move or be 
deflected through distances which increase as the squares of the times, just as any 
body must do when acted on by a constant force.  To prove that a revolving body obeys 
this law, I have only to draw your attention to Fig. 2.  Let the equal arcs, A B and B C, in 
this figure represent now equal times, as they will do in case of a body revolving in this 
circle with a uniform velocity.  The versed sines of the angles, A O B and A O C, show 
that in the time, A C, the revolving body was deflected four times as far from the tangent
to the circle at A as it was in the time, A B. So the deflection increased as the square of 
the time.  If on the table already given, we take the seconds of arc to represent equal 
times, we see the versed sine, or the amount of deflection of a revolving body, to 
increase, in these minute angles, absolutely so far as appears up to the fifteenth place 
of decimals, as the square of the time.
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The standard from which all computations are made of the distances passed through in 
given times by bodies whose motion is uniformly accelerated, and from which the 
velocity acquired is computed when the accelerating force is known, and the force is 
found when the velocity acquired or the rate of acceleration is known, is the velocity of a
body falling to the earth.  It has been established by experiment, that in this latitude near
the level of the sea, a falling body in one second falls through a distance of 16.083 feet, 
and acquires a velocity of 32.166 feet per second; or, rather, that it would do so if it did 
not meet the resistance of the atmosphere.  In the case of a falling body, its weight 
furnishes, first, the inertia, or the resistance to motion, that has to be overcome, and 
affords the measure of this resistance, and, second, it furnishes the measure of the 
attraction of the earth, or the force exerted to overcome its resistance.  Here, as in all 
possible cases, the force and the resistance are identical with each other.  The above is,
therefore, found in this way to be the rate at which the motion of any body will be 
accelerated when it is acted on by a constant force equal to its weight, and encounters 
no resistance.

It follows that a revolving body, when moving uniformly in any circle at a speed at which 
its deflection from a straight line of motion is such that in one second this would amount 
to 16.083 feet, requires the exertion of a centripetal force equal to its weight to produce 
such deflection.  The deflection varying as the square of the time, in 0.01 of a second 
this deflection will be through a distance of 0.0016083 of a foot.

Now, at what speed must a body revolve, in a circle of one foot radius, in order that in 
0.01 of one second of time its deflection from a tangential direction shall be 0.0016083 
of a foot?  This decimal is the versed sine of the arc of 3 deg.15’, or of 3.25 deg..  This 
angle is so small that the departure from the law that the deflection is equal to the 
versed sine of the angle is too slight to appear in our computation.  Therefore, the arc of
3.25 deg. is the arc of a circle of one foot radius through which a body must revolve in 
0.01 of a second of time, in order that the centripetal force, and so the centrifugal force, 
shall be equal to its weight.  At this rate of revolution, in one second the body will 
revolve through 325 deg., which is at the rate of 54.166 revolutions per minute.

Now there remains only one question more to be answered.  If at 54.166 revolutions per
minute the centrifugal force of a body is equal to its weight, what will its centrifugal force
be at one revolution per minute in the same circle?

To answer this question we have to employ the other extremely simple law, which I said 
I must explain to you.  It is this:  The acceleration and the force vary in a constant ratio 
with each other.  Thus, let force 1 produce acceleration 1, then force 1 applied again will
produce acceleration 1 again, or, in other words, force 2 will produce acceleration 2, and
so on.  This being so, and the amount of the deflection varying as the squares of the 
speeds in the two cases, the centrifugal force of a body making one revolution per 
minute in a circle of
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1  s q u a r e d
on e  foot  r a diu s  will b e  ---------- =  0.00 0 3 4 1
5 4.16 6  s q u a r e d

—the coefficient of centrifugal force.

There is another mode of making this computation, which is rather neater and more 
expeditious than the above.  A body making one revolution per minute in a circle of one 
foot radius will in one second revolve through an arc of 6 deg..  The versed sine of this 
arc of 6 deg. is 0.0054781046 of a foot.  This is, therefore, the distance through which a 
body revolving at this rate will be deflected in one second.  If it were acted on by a force 
equal to its weight, it would be deflected through the distance of 16.083 feet in the same
time.  What is the deflecting force actually exerted upon it?  Of

0.00 5 4 7 8 1 0 4 6
cou r s e ,  i t is ------------.
1 6 .08 3

This division gives 0.000341 of its weight as such deflecting force, the same as before.

In taking the versed sine of 6 deg., a minute error is involved, though not one large 
enough to change the last figure in the above quotient.  The law of uniform acceleration 
does not quite hold when we come to an angle so large as 6 deg..  If closer accuracy is 
demanded, we can attain it, by taking the versed sine for 1 deg., and multiplying this by 
6 squared.  This gives as a product 0.0054829728, which is a little larger than the 
versed sine of 6 deg..

I hope I have now kept my promise, and made it clear how the coefficient of centrifugal 
force may be found in this simple way.

We have now learned several things about centrifugal force.  Let me recapitulate.  We 
have learned: 

1st.  The real nature of centrifugal force.  That in the dynamical sense of the term force, 
this is not a force at all:  that it is not capable of producing motion, that the force which is
really exerted on a revolving body is the centripetal force, and what we are taught to call
centrifugal force is nothing but the resistance which a revolving body opposes to this 
force, precisely like any other resistance.

2d.  The direction of the deflection, to which the centrifugal force is the resistance, which
is straight to the center.
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3d.  The measure of this deflection; the versed sine of the angle.

4th.  The reason of the laws of centrifugal force; that these laws merely express the 
relative amount of the deflection, and so the amount of the force required to produce the
deflection, and of the resistance of the revolving body to it, in all different cases.

5th.  That the deflection of a revolving body presents a case analogous to that of 
uniformly accelerated motion, under the action of a constant force, similar to that which 
is presented by falling bodies;[1] and finally,

6th.  How to find the coefficient, by which the amount of centrifugal force exerted in any 
case may be computed.

[Footnote 1:  A body revolving with a uniform velocity in a horizontal plane would 
present the only case of uniformly accelerated motion that is possible to be realized 
under actual conditions.]
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I now pass to some other features.

First.—You will observe that, relatively to the center, a revolving body, at any point in its 
revolution, is at rest.  That is, it has no motion, either from or toward the center, except 
that which is produced by the action of the centripetal force.  It has, therefore, this 
identity also with a falling body, that it starts from a state of rest.  This brings us to a far 
more comprehensive definition of centrifugal force.  This is the resistance which a body 
opposes to being put in motion, at any velocity acquired in any time, from a state of 
rest.  Thus centrifugal force reveals to us the measure of the inertia of matter.  This 
inertia may be demonstrated and exhibited by means of apparatus constructed on this 
principle quite as accurately as it can be in any other way.

Second.—You will also observe the fact, that motion must be imparted to a body 
gradually.  As distance, through which force can act, is necessary to the impartation of 
velocity, so also time, during which force can act, is necessary to the same result.  We 
do not know how motion from a state of rest begins, any more than we know how a 
polygon becomes a circle.  But we do know that infinite force cannot impart absolutely 
instantaneous motion to even the smallest body, or to a body capable of opposing the 
least resistance.  Time being an essential element or factor in the impartation of velocity,
if this factor be omitted, the least resistance becomes infinite.

We have a practical illustration of this truth in the explosion of nitro-glycerine.  If a small 
portion of this compound be exploded on the surface of a granite bowlder, in the open 
air, the bowlder will be rent into fragments.  The explanation of this phenomenon 
common among the laborers who are the most numerous witnesses of it, which you 
have doubtless often heard, and which is accepted by ignorant minds without further 
thought, is that the action of nitro-glycerine is downward.  We know that such an idea is 
absurd.

The explosive force must be exerted in all directions equally.  The real explanation is, 
that the explosive action of nitro-glycerine is so nearly instantaneous, that the resistance
of the atmosphere is very nearly equal to that of the rock; at any rate, is sufficient to 
cause the rock to be broken up.  The rock yields to the force very nearly as readily as 
the atmosphere does.

Third.  An interesting solution is presented here of what is to many an astronomical 
puzzle.  When I was younger than I am now, I was greatly troubled to understand how it 
could be that if the moon was always falling to the earth, as the astronomers assured us
it was, it should never reach it, nor have its falling velocity accelerated.  In popular 
treatises on astronomy, such for example as that of Professor Newcomb, this is 
explained by a diagram in which the tangential line is carried out as in Fig. 1, and by
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showing that in falling from the point A to the earth as a center, through distances 
increasing as the square of the time, the moon, having the tangential velocity that it has,
could never get nearer to the earth than the circle in which it revolves around it.  This is 
all very true, and very unsatisfactory.  We know that this long tangential line has nothing 
to do with the motion of the moon, and while we are compelled to assent to the 
demonstration, we want something better.  To my mind the better and more satisfactory 
explanation is found in the fact that the moon is forever commencing to fall, and is 
continually beginning to fall in a new direction.  A revolving body, as we have seen, 
never gets past that point, which is entirely beyond our sight and our comprehension, of 
beginning to fall, before the direction of its fall is changed.  So, under the attraction of 
the earth, the moon is forever leaving a new tangential direction of motion at the same 
rate, without acceleration.

(To be continued.)

* * * * *

COMPRESSED AIR POWER SCHEMES.

By J. STURGEON, Engineer of the Birmingham Compressed Air Power Company.

In the article on “Gas, Air, and Water Power” in the Journal for Dec. 8 last, you state that
you await with some curiosity my reply to certain points in reference to the compressed 
air power schemes alluded to in that article.  I now, therefore, take the liberty of 
submitting to you the arguments on my side of the question (which are substantially the 
same as those I am submitting to Mr. Hewson, the Borough Engineer of Leeds).  The 
details and estimates for the Leeds scheme are not yet in a forward enough state to 
enable me to give them at present; but the whole case is sufficiently worked out for 
Birmingham to enable a fair deduction to be made therefrom as regards the utility of the 
system in other towns.  In Birmingham, progress has been delayed owing to difficulties 
in procuring a site for the works, and other matters of detail.  We have, however, 
recently succeeded in obtaining a suitable place, and making arrangements for railway 
siding, water supply, etc.; and we hope to be in a position to start early in the present 
year.

I inclose (1) a tabulated summary of the estimates for Birmingham divided into stages of
3,000 gross indicated horse power at a time; (2) a statement showing the cost to 
consumers in terms of indicated horse power and in different modes, more or less 
economical, of applying the air power in the consumers’ engines; (3) a tracing showing 
the method of laying the mains; (4) a tracing showing the method of collecting the meter
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records at the central station, by means of electric apparatus, and ascertaining the 
exact amount of leakage.  A short description of the two latter would be as well.

TABLE I.—Showing the Progressive Development of the Compressed Air System in 
stages of 3000 Indicated Horse Power (gross) at a Time, and the Profits at each Stage
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_______________________________________________________
______________________

Gross             |    3 0 0 0     |    6 0 0 0     |   9 0 0 0      |    1 2,0 00   |    1 5,0 00   |
Indica t e d         |    Ind.     |    Ind.     |   Ind.      |     Ind.    |     Ind.    |
H o r s e  Pow e r       |    H.P.    |    H.P.    |   H .P.     |     H.P.   |     H.P.   |
a t  Ce n t r al        |            |            |            |            |            |
Works:            |            |            |            |            |            |
------------------------------------------------------------
-----------------

Thous a n d s  of     |  1 ,0 8 0,00 0  |  2 ,16 0,00 0  | 3 ,24 0,0 00   |  4 , 32 0,00 0  | 5 ,40 0,00 0   |
Cubic  Fe e t  a t  4 5  |            |            |            |            |            |
lbs. p r e s s u r e     |            |            |            |            |            |
a t  e n gin e s        |            |            |            |            |            |
Ded uc tion  for     |     1 7,92 8  |     7 0,92 7  |   1 5 4,42 9   |    2 6 7,52 9  |   4 0 9,3 46   |
fric tion  a n d      |            |            |            |            |            |
le ak a g e           |            |            |            |            |            |
Es tim a t e d  n e t     |  1 , 06 2,07 2  |  2 ,0 89,0 7 3  | 3 ,0 8 5,57 1   |  4 ,05 2,4 71  | 4 ,9 90,6 5 4   
|
d elive ry         |            |            |            |            |            |
------------------------------------------------------------
-----------------

CAPITAL          |            |            |            |            |            |
EXPE NDITURE--    |            |            |            |            |            |
P u rc h a s e  a n d  p r e-|  L12,50 0    |  (a mo u n t s  b elow a p ply to  ext e n sion  of wo rks) 
|
p a r a tion  of lan d  |            |            |            |            |            |
M a c hin e ry         |   2 7,85 4    |   L25,59 5   |   L25,595   |   L25,59 5   |   L25,595   |
M ains             |   1 0,3 2 8    |    1 0.32 8   |    1 0,32 8   |    1 0,32 8   |    1 0 ,32 8   |
Buildings         |    8 ,50 5    |     4 ,51 6   |     4 ,63 2   |     4 ,61 4   |     4 ,59 4   |
Pa rlim e n t a ry a n d  |            |            |            |            |            |
g e n e r al  exp e n s e s , |   2 0,0 0 0    |        ..  |        ..  |       ..   |       ..   |
r oyal ty, &c.     |            |            |            |            |            |
E n gin e e rin g       |    3 , 26 8    |     1 , 82 0   |     1 , 82 5   |     1 , 82 4   |     8 , 82 3   |
P r evious  Ca pi t-|            |    8 2,4 55   |   1 2 4,7 1 4   |   1 6 7,09 4   |   2 0 9,45 5   |
a l  Exp e n di tu r e  |       ..   |            |            |            |            |
Total Ca p.   Exp.   |  L82,45 5    |  L124,71 4   |  L167,09 4   |  L209,4 55   |  L251,79 5   
|
------------------------------------------------------------
-----------------
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ANNUAL CHARGES-- |            |            |            |            |            |
S al a rie s,  w a g e s ,  |            |            |            |            |            |
&  g e n e r al  wo rking |   L6,40 5    |    L7,855   |    L9,30 5   |   L10,95 5   |   L12,48 0   |
exp e n s e s        |            |            |            |            |            |
Re p ai r s ,  r e n e w als |    2 ,78 0    |     5 ,19 8   |     7 ,62 2   |    1 0 ,04 5   |    1 2,46 7   |
&c.( r e s e rve  fun d) |            |            |            |            |            |
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Coal, w a t er, &c. |    1 ,9 5 0    |     3 ,9 0 0   |     5 ,8 5 0   |     7 ,8 00   |     9 ,7 50   |
R a t e s             |      3 7 0    |       6 7 4   |       9 8 0   |     1 ,2 8 5   |     1 ,5 8 5   |
Con ting e ncies  of |            |            |            |            |            |
ho r s e  pow e r  =  5   |      5 7 5    |       8 8 1   |     1 , 18 7   |     1 ,5 0 4   |     1 ,8 1 4   |
p e r  c e n t  on  a bove |            |            |            |            |            |
Total Ann.  Exp.   |  L12,08 0    |   L18,50 8   |   L24,944   |   L31,58 9   |   L38,096   |
------------------------------------------------------------
-----------------

Reve n u e  a t  5 d.    |            |            |            |            |            |
p e r  1 0 0 0  c u b.  ft. |   2 2 ,12 6    |    4 3,5 22   |    6 4,2 82   |    8 4,4 2 6   |   1 0 3,97 1   |
(ave r a g e)         |            |            |            |            |            |
P rofit            | 1 2.18  p.c t . | 20.0 6  p .c t . | 2 3.54  p.c t . | 2 5.22  p.c t . | 26.1 6  p .c t . |
| =  1 0,04 6    |  =  2 5,01 4   |  =  3 9,3 38   |  =  5 2,83 7   |  =  6 5,8 75   |
------------------------------------------------------------
-----------------

TABLE II.—Cost of Air Power in Terms of Indicated Horse Power.

Abbreviated column headings: 

Qty.  Air:  Quantity of Air at 45 lbs.  Pressure required per Ind.  H.P. per
Hour.

Cost/Hr.:  Cost per Hour at 5d. per 1000 Cubic Feet.

Cost/Hr. w/rebate:  Cost per Hour with Rebate when Profits reach 26 per
Cent.

Cost/Yr.:  Cost per Annum (2700 Hours) at 5d. per 1000 Cubic Feet.

Cost/Yr. w/rebate:  Cost per Annum with Rebate when Profits reach 26 per
Cent.

Abbreviated row headings: 

CASE 1.—Where air at 45 lbs. pressure is re-heated to 320 deg.  Fahr., and expanded 
to atmospheric pressure.

CASE 2.—Where air at 45 lbs. pressure is heated by boiling water to 212 deg.  Fahr., 
and expanded to atmospheric pressure.
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CASE 3.—Where air is used expansively without re-heating, whereby intensely cold air 
is exhausted, and may be used for ice making, &c.

CASE 4.—Where air is heated to 212 deg.  Fahr., and the terminal pressure is 11.3 lbs. 
above that of the atmosphere

CASE 5.—Where the air is used without heating, and cut off at one-third of the stroke, 
as in ordinary slide-valve engines

CASE 6.—Where the air is used without re-heating and without expansion.

_______________________________________________________
______________
|  Qty.  Air |  Cos t/Hr.  |  Cos t /Hr. |   Cos t/Yr.   |   Cos t/Yr. |
|           |            |  w/ r e b a t e  |              |   w/ r e b a t e  |
|  Cu b.   F t .  |     d .      |     d .     |   L  s .   d .   |   L  s .   d . |
------------------------------------------------------------
---------
CASE 1  |   1 2 5.4    |    0 .6 27    |    0 .59 6   |   7    1    1   |   6   1 4   0 1/2 |
CASE 2  |   1 4 0.4    |    0 .7 02    |    0 .66 7   |   7   1 7   1 1   |   7   1 0   0  |
CASE 3  |   1 7 8.2    |    0 .8 91    |    0 .84 7   |  1 0    0    5 1/2  |   9   1 0   5 1/2 |
CASE 4  |   1 7 0.2    |    0 .8 51    |    0 .80 9   |   9   1 1    5 1/2  |   9    1  1 0 1/2 |
CASE 5  |   2 5 8.0    |    1 .2 90    |    1 .22 6   |  1 4   1 0    3   |  1 3   1 5   9  |
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CASE 6  |   3 3 1.8    |    1 .6 59    |    1 .57 6   |  1 8   1 3    3   |  1 7   1 4   7  |
____________________________________________________________
_________

The great thing to guard against is leakage.  If the pipes were simply buried in the 
ground, it would be almost impossible to trace leakage, or even to know of its 
existence.  The income of the company might be wasting away, and the loss never 
suspected until the quarterly returns from the meters were obtained from the 
inspectors.  Only then would it be discovered that there must be a great leak (or it might 
be several leaks) somewhere.  But how would it be possible to trace them among 20 or 
30 miles of buried pipes?  We cannot break up the public streets.  The very existence of
the concern depends upon (1) the daily checking of the meter returns, and comparison 
with the output from the air compressors, so as to ascertain the amount of leakage; (2) 
facility for tracing the locality of a leak; and (3) easy access to the mains with the 
minimum of disturbance to the streets.  It will be readily understood, from the drawings, 
how this is effected.  First, the pipes are laid in concrete troughs, near the surface of the
road, with removable concrete covers strong enough to stand any overhead traffic.  At 
intervals there are junctions for service connections, with street boxes and covers 
serving as inspection chambers.  These chambers are also provided over the ball-
valves, which serve as stop-valves in case of necessity, and are so arranged that in 
case of a serious breach in the portion of main between any two of them, the rush of air 
to the breach will blow them up to the corresponding seats and block off the broken 
portion of main.  The air space around the pipe in the concrete trough will convey for a 
long distance the whistling noise of a leak; and the inspectors, by listening at the 
inspection openings, will thus be enabled to rapidly trace their way almost to the exact 
spot where there is an escape.  They have then only to remove the top surface of road 
metal and the concrete cover in order to expose the pipe and get at the breach.  Leaks 
would mostly be found at joints; and, by measuring from the nearest street opening, the 
inspectors would know where to break open the road to arrive at the probable locality of 
the leak.  A very slight leak can be heard a long way off by its peculiar whistling sound.

[Illustration:  COMPRESSED AIR POWER]

The next point is to obtain a daily report of the condition of the mains and the amount of 
leakage.  It would be impracticable to employ an army of meter inspectors to take the 
records daily from all the meters in the district.  We therefore adopt the method of 
electric signaling shown in the second drawing.  In the engineer’s office, at the central 
station, is fixed the dial shown in Fig. 1.  Each consumer’s meter is fitted with the 
contact-making apparatus shown in Pig. 4, and in an enlarged form in Figs. 5 and 6, by 
which a current is sent round the electro-magnet,
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D (Fig. 1), attracting the armature, and drawing the disk forward sufficiently for the roller 
at I to pass over the center of one of the pins, and so drop in between that and the next 
pin, thus completing the motion, and holding the disk steadily opposite the figure.  This 
action takes place on any meter completing a unit of measurement of (say) 1,000 cubic 
feet, at which point the contact makers touch.  But suppose one meter should be 
moving very slowly, and so retaining contact for some time, while other meters were 
working rapidly; the armature at D would then be held up to the magnet by the 
prolonged contact maintained by the slow moving meter, and so prevent the quick 
working meters from actuating it; and they would therefore pass the contact points 
without recording.  A meter might also stop dead at the point of contact on shutting off 
the air, and so hold up the armature; thus preventing others from acting.  To obviate this,
we apply the disengaging apparatus shown at L (Fig. 4).  The contact maker works on 
the center, m, having an armature on its opposite end.  On contact being made, at the 
same time that the magnet, D, is operated, the one at L is also operated, attracting the 
armature, and throwing over the end of the contact maker, l, on to the non-conducting 
side of the pin on the disk.  Thus the whole movement is rendered practically 
instantaneous, and the magnet at D is set at liberty for the next operation.  A resistance 
can be interposed at L, if necessary, to regulate the period of the operation.  The whole 
of the meters work the common dial shown in Fig. 1, on which the gross results only are
recorded; and this is all we want to know in this way.  The action is so rapid, owing to 
the use of the magnetic disengaging gear, that the chances of two or more meters 
making contact at the same moment are rendered extremely small.  Should such a thing
happen, it would not matter, as it is only approximate results that we require in this case;
and the error, if any, would add to the apparent amount of leakage, and so be on the 
right side.  Of course, the record of each consumer’s meter would be taken by the 
inspector at the end of every quarter, in order to make out the bill; and the totals thus 
obtained would be checked by the gross results indicated by the main dial.  In this way, 
by a comparison of these results, a coefficient would soon be arrived at, by which the 
daily recorded results could be corrected to an extremely accurate measurement.  At 
the end of the working day, the engineer has merely to take down from the dial in his 
office the total record of air measured to the consumers, also the output of air from the 
compressors, which he ascertains by means of a continuous counter on the engines, 
and the difference between the two will represent the loss.  If the loss is trifling, he will 
pass it over; if serious, he will send out his inspectors to trace it.  Thus there could be no
long continued leakage, misuse, or robbery of the air, without the company becoming 
aware of the fact, and so being enabled to take measures to stop or prevent it.  The 
foregoing are absolutely essential adjuncts to any scheme of public motive power 
supply by compressed air, without which we should be working in the dark, and could 
never be sure whether the company were losing or making money.  With them, we know
where we are and what we are doing.
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Referring to the estimates given in Table I., I may explain that the item of repairs and 
renewals covers 10 per cent. on boilers and gas producers, 5 per cent. on engines, 5 
per cent. on buildings, and 5 per cent. on mains.  Considering that the estimates include
ample fitting shops, with the best and most suitable tools, and that the wages list 
includes a staff of men whose chief work would be to attend to repairs, etc., I think the 
above allowances ample.  Each item also includes 5 per cent. for contingencies.

I have commenced by giving all the preceding detail, in order to show the groundwork 
on which I base the estimate of the cost of compressed air power to consumers, in 
terms of indicated horse power per annum, as given in Table II.  I may say that, in 
estimating the engine power and coal consumption, I have not, as in the original report, 
made purely theoretical calculations, but have taken diagrams from engines in actual 
use (although of somewhat smaller size than those intended to be employed), and have
worked out the results therefrom.  It will, I hope, be seen that, with all the safeguards we
have provided, we may fairly reckon upon having for sale the stated quantity of air 
produced by means of the plant, as estimated, and at the specified annual cost; and 
that therefore the statement of cost per indicated horse power per annum may be fairly 
relied upon.  Thus the cost of compressed air to the consumer, based upon an average 
charge of 5d. per 1,000 cubic feet, will vary from L6 14s. per indicated horse power per 
annum to L18 13s. 3d., according to circumstances and mode of application.

A compressed air motor is an exceedingly simple machine—much simpler than an 
ordinary steam engine.  But the air may also be used in an ordinary steam engine; and 
in this case it can be much simplified in many details.  Very little packing is needed, as 
there is no nuisance from gland leakage; the friction is therefore very slight.  Pistons 
and glands are packed with soapstone, or other self-lubricating packing; and no oil is 
required except for bearings, etc.  The company will undertake the periodical inspection 
and overhauling of engines supplied with their power, all which is included in the 
estimates.  The total cost to consumers, with air at an average of 5d. per 1,000 cubic 
feet, may therefore be fairly taken as follows: 

                                   Min.  Max. 
  Cost of air used L6 14 01/2 L18 13 3
  Oil. waste, packing, etc. 1 0 0 1 0 0
  Interest, depreciation,
    etc., 121/2 per cent. on
    L10, the cost of engine
    per indicated
    horse power 1 5 0 1 5 0
                                -------- ---------
                                L8 19 01/2 L20 18 3

The maximum case would apply only to direct acting engines, such as Tangye pumps, 
air power hammers, etc., where the air is full on till the end of the stroke, and where 
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there is no expansion.  The minimum given is at the average rate of 5d. per 1,000 cubic 
feet; but as there will be rates below this, according to a sliding scale, we may fairly take
it that the lowest charge will fall considerably below L6 per indicated horse power per 
annum.—Journal of Gas Lighting.
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* * * * *

THE BERTHON COLLAPSIBLE CANOE.

An endeavor has often been made to construct a canoe that a person can easily carry 
overland and put into the water without aid, and convert into a sailboat.  The system that
we now call attention to is very well contrived, very light, easily taken apart, and for 
some years past has met with much favor.

[Illustration:  FIG. 1.—BERTHON COLLAPSIBLE CANOE AFLOAT.]

Mr. Berthon’s canoes are made of impervious oil-skin.  Form is given them by two stiff 
wooden gunwales which are held in position by struts that can be easily put in and 
taken out.  The model shown in the figure is covered with oiled canvas, and is provided 
with a double paddle and a small sail.  Fig. 2 represents it collapsed and being carried 
overland.

[Illustration:  FIG. 2.—THE SAME BEING CARRIED OVERLAND.]

Mr. Berthon is manufacturing a still simpler style, which is provided with two oars, as in 
an ordinary canoe.  This model, which is much used in England by fishermen and 
hunters, has for several years past been employed in the French navy, in connection 
with movable defenses.  At present, every torpedo boat carries one or two of these 
canoes, each composed of two independent halves that may be put into the water 
separately or be joined together by an iron rod.

These boats ride the water very well, and are very valuable for exploring quarters 
whither torpedo boats could not adventure without danger.[1]—La Nature.

[Footnote 1:  For detailed description see SUPPLEMENT, No. 84.]

* * * * *

THE FIFTIETH ANNIVERSARY OF THE OPENING OF THE FIRST GERMAN STEAM 
RAILROAD.

There was great excitement in Nuernberg on the 7th of December, 1835, on which day 
the first German railroad was opened.  The great square on which the buildings of the 
Nuernberg and Furth “Ludwig’s Road” stood, the neighboring streets, and, in fact, the 
whole road between the two cities, was filled with a crowd of people who flocked from 
far and near to see the wonderful spectacle.  For the first time, a railroad train filled with 
passengers was to be drawn from Nuernberg to Furth by the invisible power of the 
steam horse.  At eight o’clock in the morning, the civil and military authorities, etc., who 
took part in the celebration were assembled on the square, and the gayly decorated 
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train started off to an accompaniment of music, cannonading, cheering, etc.  Everything 
passed off without an accident; the work was a success.  The engraving in the lower 
right-hand corner represents the engine and cars of this road.

It will be plainly seen that such a revolution could not be accomplished easily, and that 
much sacrifice and energy were required of the leaders in the enterprise, prominent 
among whom was the merchant Johannes Scharrer, who is known as the founder of the
“Ludwig’s Road.”
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One would naturally suppose that such an undertaking would have met with 
encouragement from the Bavarian Government, but this was not the case.  The starters 
of the enterprise met with opposition on every side; much was written against it, and 
many comic pictures were drawn showing accidents which would probably occur on the 
much talked of road.  Two of these pictures are shown in the accompanying large 
engraving, taken from the Illustrirte Zeitung.  As shown in the center picture, right hand, 
it was expected by the railway opponents that trains running on tracks at right angles 
must necessarily come in collision.  If anything happened to the engine, the passengers 
would have to get out and push the cars, as shown at the left.

[Illustration:  JUBILEE CELEBRATION OF THE FIFTIETH ANNIVERSARY OF THE 
OPENING OF THE FIRST STEAM RAILWAY IN GERMANY—AT NURNBERG]

Much difficulty was experienced in finding an engineer capable of attending to the 
construction of the road; and at first it was thought that it would be best to engage an 
Englishman, but finally Engineer Denis, of Munich, was appointed.  He had spent much 
time in England and America studying the roads there, and carried on this work to the 
entire satisfaction of the company.

All materials for the road were, as far as possible, procured in Germany; but the idea of 
building the engines and cars there had to be given up, and, six weeks before the 
opening of the road, Geo. Stephenson, of London, whose engine, Rocket, had won the 
first prize in the competitive trials at Rainhill in 1829, delivered an engine of ten horse 
power, which is still known in Nuernberg as “Der Englander.”

Fifty years have passed, and, as Johannes Scharrer predicted, the Ludwig’s Road has 
become a permanent institution, though it now forms only a very small part of the 
network of railroads which covers every portion of Germany.  What changes have been 
made in railroads during these fifty years!  Compare the present locomotives with the 
one made by Cugnot in 1770, shown in the upper left-hand cut, and with the work of the
pioneer Geo. Stephenson, who in 1825 constructed the first passenger railroad in 
England, and who established a locomotive factory in Newcastle in 1824.  Geo. 
Stephenson was to his time what Mr. Borsig, whose great works at Moabit now turn out 
from 200 to 250 locomotives a year, is to our time.

Truly, in this time there can be no better occasion for a celebration of this kind than the 
fiftieth anniversary of the opening of the first German railroad, which has lately been 
celebrated by Nuernberg and Furth.

The lower left-hand view shows the locomotive De Witt Clinton, the third one built in the 
United States for actual service, and the coaches.  The engine was built at the West 
Point Foundry, and was successfully tested on the Mohawk and Hudson Railroad 
between Albany and Schenectady on Aug. 9, 1831.
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IMPROVED COAL ELEVATOR.

An illustration of a new coal elevator is herewith presented, which presents advantages 
over any incline yet used, so that a short description may be deemed interesting to 
those engaged in the coaling and unloading of vessels.  The pen sketch shows at a 
glance the arrangement and space the elevator occupies, taking less ground to do the 
same amount of work than any other mode heretofore adopted, and the first cost of 
erecting is about the same as any other.

When the expense of repairing damages caused by the ravages of winter is taken into 
consideration, and no floats to pump out or tracks to wash away, the advantages should
be in favor of a substantial structure.

The capacity of this hoist is to elevate 80,000 bushels in ten hours, at less than one-half
cent per bushel, and put coal in elevator, yard, or shipping bins.

[Illustration:  IMPROVED COAL ELEVATOR.]

The endless wire rope takes the cars out and returns them, dispensing with the use of 
train riders.

A floating elevator can distribute coal at any hatch on steam vessels, as the coal has to 
be handled but once; the hoist depositing an empty car where there is a loaded one in 
boat or barge, requiring no swing of the vessel.

Mr. J.R.  Meredith, engineer, of Pittsburg, Pa., is the inventor and builder, and has them 
in use in the U.S. engineering service.—Coal Trade Journal.

* * * * *

STEEL-MAKING LADLES.

The practice of carrying melted cast iron direct from the blast furnace to the Siemens 
hearth or the Bessemer converter saves both money and time.  It has rendered 
necessary the construction of special plant in the form of ladles of dimensions hitherto 
quite unknown.  Messrs. Stevenson & Co., of Preston, make the construction of these 
ladles a specialty, and by their courtesy, says The Engineer, we are enabled to illustrate 
four different types, each steel works manager, as is natural, preferring his own design.  
Ladles are also required in steel foundry work, and one of these for the Siemens-Martin 
process is illustrated by Fig. 1.  These ladles are made in sizes to take from five to 
fifteen ton charges, or larger if required, and are mounted on a very strong carriage with
a backward and forward traversing motion, and tipping gear for the ladle.  The ladles 
are butt jointed, with internal cover strips, and have a very strong band shrunk on hot 
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about half way in the depth of the ladle.  This forms an abutment for supporting the ladle
in the gudgeon band, being secured to this last by latch bolts and cotters.  The gearing 
is made of cast steel, and there is a platform at one end for the person operating the 
carriage or tipping the ladle.  Stopper gear and a handle are fitted to the ladles to 
regulate the flow of the molten steel from the nozzle at the bottom.
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[Illustration:  LADLES FOR CARRYING MOLTEN IRON AND STEEL.]

Fig. 2 shows a Spiegel ladle, of the pattern used at Cyfarthfa.  It requires no 
description.  Fig. 3 shows a tremendous ladle constructed for the North-Eastern Steel 
Company, for carrying molten metal from the blast furnace to the converter.  It holds ten 
tons with ease.  It is an exceptionally strong structure.  The carriage frame is 
constructed throughout of 1 in. wrought-iron plated, and is made to suit the ordinary 4 ft.
81/2 in. railway gauge.  The axle boxes are cast iron, fitted with gun-metal steps.  The 
wheels are made of forged iron, with steel tires and axles.  The carriage is provided with
strong oak buffers, planks, and spring buffers; the drawbars also have helical 
compression springs of the usual type.  The ladle is built up of 1/2 in. wrought-iron 
plates, butt jointed, and double riveted butt straps.  The trunnions and flange couplings 
are of cast steel.  The tipping gear, clearly shown in the engraving, consists of a worm 
and wheel, both of steel, which can be fixed on either side of the ladle as may be 
desired.  From this it will be seen that Messrs. Stevenson & Co. have made a 
thoroughly strong structure in every respect, and one, therefore, that will commend itself
to most steel makers.  We understand that these carriages are made in various designs 
and sizes to meet special requirements.  Thus, Fig. 4 shows one of different design, 
made for a steel works in the North.  This is also a large ladle.  The carriage is 
supported on helical springs and solid steel wheels.  It will readily be understood that 
very great care and honesty of purpose is required in making these structures.  A 
breakdown might any moment pour ten tons of molten metal on the ground, with the 
most horrible results.

* * * * *

APPARATUS FOR DEMONSTRATING THAT ELECTRICITY DEVELOPS ONLY ON 
THE SURFACE OF CONDUCTORS.

Mr. K.L.  Bauer, of Carlsruhe, has just constructed a very simple and ingenious 
apparatus which permits of demonstrating that electricity develops only on the surface 
of conductors.  It consists (see figure) essentially of a yellow-metal disk, M, fixed to an 
insulating support, F, and carrying a concentric disk of ebonite, H. This latter receives a 
hollow and closed hemisphere, J, of yellow metal, whose base has a smaller diameter 
than that of the disk, H, and is perfectly insulated by the latter.  Another yellow-metal 
hemisphere, S, open below, is connected with an insulating handle, G. The basal 
diameter of this second hemisphere is such that when the latter is placed over J its 
edge rests upon the lower disk, M. These various pieces being supposed placed as 
shown in the figure, the shell, S, forms with the disk, M, a hollow, closed hemisphere 
that imprisons the hemisphere, J, which is likewise hollow and closed, and perfectly 
insulated from the former.

[Illustration]
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The shell, S, is provided internally with a curved yellow-metal spring, whose point of 
attachment is at B, and whose free extremity is connected with an ebonite button, K, 
which projects from the shell, S. By pressing this button, a contact may be established 
between the external hemisphere (formed of the pieces, S and M), and the internal one,
J. As soon as the button is left to itself, the spring again begins to bear against the 
interior surface of S, and the two hemispheres are again insulated.

The experiment is performed in this wise:  The shell, S, is removed.  Then a disk of 
steatite affixed to an insulating handle is rubbed for a few instants with a fox’s “brush,” 
and held near J until a spark occurs.  Then the apparatus is grasped by the support, F, 
and an elder-pith ball suspended by a flaxen thread from a good conducting support is 
brought near J. The ball will be quickly repelled, and care must be taken that it does not 
come into contact with J. After this the apparatus is placed upon a table, the shell, S, is 
taken by its handle, G, and placed in the position shown in the figure, and a momentary 
contact is established between the two hemispheres by pressing the button, K. Then the
shell, S, is lifted, and the disk, M, is touched at the same time with the other hand.  If, 
now, the pith ball be brought near S, it will be quickly repelled, while it will remain 
stationary if it be brought near J, thus proving that all the electricity passed from J to S 
at the moment of contact.—La Lumiere Electrique.

* * * * *

THE COLSON TELEPHONE.

This apparatus has recently been the object of some experiments which resulted in its 
being finally adopted in the army.  We think that our readers will read a description of it 
with interest.  Its mode of construction is based upon a theoretic conception of the lines 
of force, which its inventor explains as follows in his Elementary Treatise on Electricity: 

“To every position of the disk of a magnetic telephone with respect to the poles of the 
magnet there corresponds a certain distribution of the lines of force, which latter shift 
themselves when the disk is vibrating.  If the bobbin be met by these lines in motion, 
there will develop in its wire a difference of potential that, according to Faraday’s law, 
will be proportional to their number.  All things equal, then, a telephone transmitter will 
be so much the more potent in proportion as the lines set in motion by the vibrations of 
the disk and meeting the bobbin wire are greater in number.  In like manner, a receiver 
will be so much the more potent in proportion as the lines of force, set in motion by 
variations in the induced currents that are traversing the bobbin and meeting the disk, 
are more numerous.  It will consequently be seen that, generally speaking, it is well to 
send as large a number of lines of force as possible through the bobbin.”
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[Illustration:  FIG. 1.—THE COLSON TELEPHONE.]

In order to obtain such a result, the thin tin-plate disk has to be placed between the two 
poles of the magnet.  The pole that carries the fine wire bobbin acts at one side and in 
the center of the disk, while the other is expanded at the extremity and acts upon the 
edge and the other side.  This pole is separated from the disk by a copper washer, and 
the disk is thus wholly immersed in the magnetic field, and is traversed by the lines of 
force radiatingly.

This telephone is being constructed by Mr. De Branville, with the greatest care, in the 
form of a transmitter (Fig. 2) and receiver (Fig. 3).  At A may be seen the magnet with its
central pole, P, and its eccentric one, P’.  This latter traverses the vibrating disk, M, 
through a rubber-lined aperture and connects with the soft iron ring, F, that forms the 
polar expansion.  These pieces are inclosed in a nickelized copper box provided with a 
screw cap, C. The resistance of both the receiver and transmitter bobbin is 200 ohms.

[Illustration:  FIG. 2.—TRANSMITTER TAKEN APART.]

The transmitter is 31/2 in. in diameter, and is provided with a re-enforcing mouthpiece.  
It is regulated by means of a screw which is fixed in the bottom of the box, and which 
permits of varying the distance between the disk and the core that forms the central 
pole of the magnet.  The regulation, when once effected, lasts indefinitely.  The 
regulation of the receiver, which is but 21/4 in. in diameter, is performed once for all by 
the manufacturer.  One of the advantages of this telephone is that its regulation is 
permanent.  Besides this, it possesses remarkable power and clearness, and is 
accompanied with no snuffling sounds, a fact doubtless owing to all the molecules of the
disk being immersed in the magnetic field, and to the actions of the two poles occurring 
concentrically with the disk.  As we have above said, this apparatus is beginning to be 
appreciated, and has already been the object of several applications in the army.  The 
transmitter is used by the artillery service in the organization of observatories from 
which to watch firing, and the receiver is added to the apparatus pertaining to military 
telegraphy.  The two small receivers are held to the lens of the operator by the latter’s 
hat strap, while the transmitter is suspended in a case supported by straps, with the 
mouthpieces near the face (Fig. 1).

In the figure, the case is represented as open, so as to show the transmitter.  The empty
compartment below is designed for the reception and carriage of the receivers, straps, 
and flexible cords.  This arrangement permits of calling without the aid of special 
apparatus, and it has also the advantage of giving entire freedom to the man on 
observation, this being something that is indispensable in a large number of cases.

[Illustration:  FIG. 3.—RECEIVER TAKEN APART.]
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In certain applications, of course, the receivers may be combined with a microphone; 
yet on an aerial as well as on a subterranean line the transmitter produces effects 
which, as regards intensity and clearness, are comparable with those of a pile 
transmitter.
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Stations wholly magnetic may be established by adding to the transmitter and two 
receivers a Sieur phonic call, which will actuate them powerfully, and cause them to 
produce a noise loud enough for a call.  It would be interesting to try this telephone on a
city line, and to a great distance on those telegraph lines that are provided with the Van 
Rysselberghe system.  Excellent results would certainly be obtained, for, as we have 
recently been enabled to ascertain, the voice has a remarkable intensity in this 
telephone, while at the same time perfectly preserving its quality.—La Nature.

* * * * *

[NATURE.]

THE MELDOMETER.

The apparatus which I propose to call by the above name ([mu][epsilon][lambda][delta]
[omega], to melt) consists of an adjunct to the mineralogical microscope, whereby the 
melting-points of minerals may be compared or approximately determined and their 
behavior watched at high temperatures either alone or in the presence of reagents.

As I now use it, it consists of a narrow ribbon of platinum (2 mm. wide) arranged to 
traverse the field of the microscope.  The ribbon, clamped in two brass clamps so as to 
be readily renewable, passes bridgewise over a little scooped-out hollow in a disk of 
ebony (4 cm. diam.).  The clamps also take wires from a battery (3 Groves cells); and 
an adjustable resistance being placed in circuit, the strip can be thus raised in 
temperature up to the melting-point of platinum.

The disk being placed on the stage of the microscope the platinum strip is brought into 
the field of a 1” objective, protected by a glass slip from the radiant heat.  The observer 
is sheltered from the intense light at high temperatures by a wedge of tinted glass, 
which further can be used in photometrically estimating the temperature by using it to 
obtain extinction of the field.  Once for all approximate estimations of the temperature of
the field might be made in terms of the resistance of the platinum strip, the variation of 
such resistance with rise of temperature being known.  Such observations being made 
on a suitably protected strip might be compared with the wedge readings, the latter 
being then used for ready determinations.  Want of time has hindered me from making 
such observations up to this.

The mineral to be experimented on is placed in small fragments near the center of the 
platinum ribbon, and closely watched while the current is increased, till the melting-point
of the substance is apparent.  Up to the present I have only used it comparatively, laying
fragments of different fusibilities near the specimen.  In this way I have melted beryl, 
orthoclase, and quartz.  I was much surprised to find the last mineral melt below the 
melting-point of platinum.  I have, however, by me as I write, a fragment, formerly clear 
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rock-crystal, so completely fused that between crossed Nicols it behaves as if an 
amorphous body, save in the very center where a speck of flashing color reveals the 
remains of molecular symmetry.  Bubbles have formed in the surrounding glass.
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Orthoclase becomes a clear glass filled with bubbles:  at a lower temperature beryl 
behaves in the same way.

Topaz whitens to a milky glass—apparently decomposing, throwing out filmy threads of 
clear glass and bubbles of glass which break, liberating a gas (fluorine?) which, 
attacking the white-hot platinum, causes rings of color to appear round the specimen.  I 
have now been using the apparatus for nearly a month, and in its earliest days it led me 
right in the diagnosis of a microscopical mineral, iolite, not before found in our Irish 
granite, I think.  The unlooked-for characters of the mineral, coupled with the extreme 
minuteness of the crystals, led me previously astray, until my meldometer fixed its 
fusibility for me as far above the suspected bodies.

Carbon slips were at first used, as I was unaware of the capabilities of platinum.

A form of the apparatus adapted, at Prof.  Fitzgerald’s suggestion, to fit into the lantern 
for projection on the screen has been made for me by Yeates.  In this form the heated 
conductor passes both below and above the specimen, which is regarded from a 
horizontal direction.

J. JOLY.

Physical Laboratory, Trinity College, Dublin.

* * * * *

[AMERICAN ANNALS OF THE DEAF AND DUMB.]

TOUCH TRANSMISSION BY ELECTRICITY IN THE 
EDUCATION OF DEAF-MUTES.

Progress in electrical science is daily causing the world to open its eyes in wonder and 
the scientist to enlarge his hopes for yet greater achievements.  The practical uses to 
which this subtile fluid, electricity, is being put are causing changes to be made in time-
tested methods of doing things in domestic, scientific, and business circles, and the time
has passed when startling propositions to accomplish this or that by the assistance of 
electricity are dismissed with incredulous smiles.  This being the case, no surprise need 
follow the announcement of a device to facilitate the imparting of instruction to deaf 
children which calls into requisition some service from electricity.

The sense of touch is the direct medium contemplated, and it is intended to convey, with
accuracy and rapidity, messages from the operator (the teacher) to the whole class 
simultaneously by electrical transmission.[1]
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[Footnote 1:  By the same means two deaf-mutes, miles apart, might converse with 
each other, and the greatest difficulty in the way of a deaf-mute becoming a telegraph 
operator, that of receiving messages, would be removed.  The latter possibilities are 
incidentally mentioned merely as of scientific interest, and not because of their 
immediate practical value.  The first mentioned use to which the device may be applied 
is the one considered by the writer as possibly of practical value, the consideration of 
which suggested the appliance to him.]

An alphabet is formed upon the palm of the left hand and the inner side of the fingers, 
as shown by the accompanying cut, which, to those becoming familiar with it, requires 
but a touch upon a certain point of the hand to indicate a certain letter of the alphabet.
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A rapid succession of touches upon various points of the hand is all that is necessary in 
spelling a sentence.  The left hand is the one upon which the imaginary alphabet is 
formed, merely to leave the right hand free to operate without change of position when 
two persons only are conversing face to face.

The formation of the alphabet here figured is on the same principle as one invented by 
George Dalgarno, a Scottish schoolmaster, in the year 1680, a cut of which maybe seen
on page 19 of vol. ix. of the Annals, accompanying the reprint of a work entitled 
“Didascalocophus.”  Dalgarno’s idea could only have been an alphabet to be used in 
conversation between two persons tete a tete, and—except to a limited extent in the 
Horace Mann School and in Professor Bell’s teaching—has not come into service in the 
instruction of deaf-mutes or as a means of conversation.  There seems to have been no
special design or system in the arrangement of the alphabet into groups of letters 
oftenest appearing together, and in several instances the proximity would seriously 
interfere with distinct spelling; for instance, the group “u,” “y,” “g,” is formed upon the 
extreme joint of the little finger.  The slight discoverable system that seems to attach to 
his arrangement of the letters is the placing of the vowels in order upon the points of the
fingers successively, beginning with the thumb, intended, as we suppose, to be of 
mnemonic assistance to the learner.  Such assistance is hardly necessary, as a pupil 
will learn one arrangement about as rapidly as another.  If any arrangement has 
advantage over another, we consider it the one which has so grouped the letters as to 
admit of an increased rapidity of manipulation.  The arrangement of the above alphabet,
it is believed, does admit of this.  Yet it is not claimed that it is as perfect as the test of 
actual use may yet make it.  Improvements in the arrangement will, doubtless, suggest 
themselves, when the alterations can be made with little need of affecting the principle.

In order to transmit a message by this alphabet, the following described appliance is 
suggested:  A matrix of cast iron, or made of any suitable material, into which the person
receiving the message (the pupil) places his left hand, palm down, is fixed to the table 
or desk.  The matrix, fitting the hand, has twenty-six holes in it, corresponding in 
position to the points upon the hand assigned to the different letters of the alphabet.  In 
these holes are small styles, or sharp points, which are so placed as but slightly to 
touch the hand.  Connected with each style is a short line of wire, the other end of which
is connected with a principal wire leading to the desk of the operator (the teacher), and 
there so arranged as to admit of opening and closing the circuit of an electric current at 
will by the simple touch of a button, and thereby producing along the line of that 
particular wire simultaneous electric impulses, intended to act mechanically upon
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all the styles connected with it.  By these impulses, produced by the will of the sender, 
the styles are driven upward with a quick motion, but with only sufficient force to be felt 
and located upon the hand by the recipient.  Twenty-six of these principal or primary 
wires are run from the teacher’s desk (there connected with as many buttons) under the
floor along the line of pupils’ desks.  From each matrix upon the desk run twenty-six 
secondary wires down to and severally connecting with the twenty-six primary wires 
under the floor.  The whole system of wires is incased so as to be out of sight and 
possibility of contact with foreign substances.  The keys or buttons upon the desk of the 
teacher are systematically arranged, somewhat after the order of those of the type 
writer, which allows the use of either one or both hands of the operator, and of the 
greatest attainable speed in manipulation.  The buttons are labeled “a,” “b,” “c,” etc., to 
“z,” and an electric current over the primary wire running from a certain button (say the 
one labeled “a”) affects only those secondary wires connected with the styles that, when
excited, produce upon the particular spot of the hands of the receivers the tactile 
impression to be interpreted as “a.”  And so, whenever the sender touches any of the 
buttons on his desk, immediately each member of the class feels upon the palm of his 
hand the impression meant to be conveyed.  The contrivance will admit of being 
operated with as great rapidity as it is probable human dexterity could achieve, i.e., as 
the strokes of an electric bell.  It was first thought of conveying the impressions directly 
by slight electric shocks, without the intervention of further mechanical apparatus, but 
owing to a doubt as to the physical effect that might be produced upon the persons 
receiving, and as to whether the nerves might not in time become partly paralyzed or so
inured to the effect as to require a stronger and stronger current, that idea was 
abandoned, and the one described adopted.  A diagram of the apparatus was submitted
to a skillful electrical engineer and machinist of Hartford, who gave as his opinion that 
the scheme was entirely feasible, and that a simple and comparatively inexpensive 
mechanism would produce the desired result.

[Illustration:  TOUCH TRANSMISSION BY ELECTRICITY.]

The matter now to consider, and the one of greater interest to the teacher of deaf 
children, is, Of what utility can the device be in the instruction of deaf-mutes?  What 
advantage is there, not found in the prevailing methods of communication with the deaf, 
i.e., by gestures, dactylology, speech and speech-reading, and writing?
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I. The language of gestures, first systematized and applied to the conveying of ideas to 
the deaf by the Abbe de l’Epee during the latter part of the last century, has been, in 
America, so developed and improved upon by Gallaudet, Peet, and their successors, as
to leave but little else to be desired for the purpose for which it was intended.  The 
rapidity and ease with which ideas can be expressed and understood by this “language”
will never cease to be interesting and wonderful, and its value to the deaf can never fail 
of being appreciated by those familiar with it.  But the genius of the language of signs is 
such as to be in itself of very little, if any, direct assistance in the acquisition of 
syntactical language, owing to the diversity in the order of construction existing between
the English language and the language of signs.  Sundry attempts have been made to 
enforce upon the sign-language conformity to the English order, but they have, in all 
cases known to the writer, been attended with failure.  The sign-language is as 
immovable as the English order, and in this instance certainly Mahomet and the 
mountain will never know what it is to be in each other’s embrace.  School exercises in 
language composition are given with great success upon the basis of the sign-
language.  But in all such exercises there must be a translation from one language to 
the other.  The desideratum still exists of an increased percentage of pupils leaving our 
schools for the deaf, possessing a facility of expression in English vernacular.  This 
want has been long felt, and endeavoring to find a reason for the confessedly low 
percentage, the sign-language has been too often unjustly accused.  It is only when the 
sign-language is abused that its merit as a means of instruction degenerates.  The most
ardent admirers of a proper use of signs are free to admit that any excessive use by the 
pupils, which takes away all opportunities to express themselves in English, is 
detrimental to rapid progress in English expression.

II.  To the general public, dactylology or finger spelling is the sign-language, or the basis
of that language, but to the profession there is no relation between the two methods of 
communication.  Dactylology has the advantage of putting language before the eye in 
conformity with English syntax, and it has always held its place as one of the elements 
of the American or eclectic method.  This advantage, however, is not of so great 
importance as to outweigh the disadvantages when, as has honestly been attempted, it 
asserts its independence of other methods.  Very few persons indeed, even after long 
practice, become sufficiently skillful in spelling on the fingers to approximate the rapidity 
of speech.  But were it possible for all to become rapid spellers, another very important 
requisite is necessary before the system could be a perfect one, that is, the ability to 
read rapid spelling.  The number of persons capable of reading the fingers beyond a 
moderate degree of rapidity is still less than the number able to spell rapidly.  While it is 
physically possible to follow rapid spelling for twenty or thirty minutes, it can scarcely be 
followed longer than that.  So long as this is true, dactylology can hardly claim to be 
more than one of the elements of a system of instruction for the deaf.
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III.  Articulate speech is another of the elements of the eclectic method, employed with 
success inversely commensurate with the degree of deficiency arising from deafness.  
Where the English order is already fixed in his mind, and he has at an early period of life
habitually used it, there is comparatively little difficulty in instructing the deaf child by 
speech, especially if he have a quick eye and bright intellect.  But the number so 
favored is a small percentage of the great body of deaf-mutes whom we are called upon
to educate.  When it is used as a sole means of educating the deaf as a class its 
inability to stand alone is as painfully evident as that of any of the other component 
parts of the system.  It would seem even less practicable than a sole reliance upon 
dactylology would be, for there can be no doubt as to what a word is if spelled slowly 
enough, and if its meaning has been learned.  This cannot be said of speech.  Between 
many words there is not, when uttered, the slightest visible distinction.  Between a 
greater number of others the distinction is so slight as to cause an exceedingly nervous 
hesitation before a guess can be given.  Too great an imposition is put upon the eye to 
expect it to follow unaided the extremely circumscribed gestures of the organs of 
speech visible in ordinary speaking.  The ear is perfection as an interpreter of speech to
the brain.  It cannot correctly be said that it is more than perfection.  It is known that the 
ear, in the interpretation of vocal sounds, is capable of distinguishing as many as thirty-
five sounds per second (and oftentimes more), and to follow a speaker speaking at the 
rate of more than two hundred words per minute.  If this be perfection, can we expect 
the eye of ordinary mortal to reach it?  Is there wonder that the task is a discouraging 
one for the deaf child?

But it has been asserted that while a large percentage (practically all) of the deaf can, 
by a great amount of painstaking and practice, become speech readers in some small 
degree, a relative degree of facility in articulation is not nearly so attainable.  As to the 
accuracy of this view, the writer cannot venture an opinion.  Judging from the average 
congenital deaf-mute who has had special instruction in speech, it can safely be 
asserted that their speech is laborious, and far, very far, from being accurate enough for
practical use beyond a limited number of common expressions.  This being the case, it 
is not surprising that as an unaided means of instruction it cannot be a success, for 
English neither understood when spoken, nor spoken by the pupil, cannot but remain a 
foreign language, requiring to pass through some other form of translation before it 
becomes intelligible.

There are the same obstacles in the use of the written or printed word as have been 
mentioned in connection with dactylology, namely, lack of rapidity in conveying 
impressions through the medium of the English sentence.
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I have thus hastily reviewed the several means which teachers generally are employing 
to impart the use of English to deaf pupils, for the purpose of showing a common 
difficulty.  The many virtues of each have been left unnoticed, as of no pertinence to this
article.

The device suggested at the beginning of this paper, claiming to be nothing more than a
school room appliance intended to supplement the existing means for giving a 
knowledge and practice of English to the deaf, employs as its interpreter a different 
sense from the one universally used.  The sense of sight is the sole dependence of the 
deaf child.  Signs, dactylology, speech reading, and the written and printed word are all 
dependent upon the eye for their value as educational instruments.  It is evident that of 
the two senses, sight and touch, if but one could be employed, the choice of sight as the
one best adapted for the greatest number of purposes is an intelligent one; but, as the 
choice is not limited, the question arises whether, in recognizing the superior 
adaptability to our purpose of the one, we do not lose sight of a possibly important, 
though secondary, function in the other.  If sight were all-sufficient, there would be no 
need of a combination.  But it cannot be maintained that such is the case.  The plan by 
which we acquire our vernacular is of divine, and not of human, origin, and the senses 
designed for special purposes are not interchangeable without loss.  The theory that the
loss of a certain sense is nearly, if not quite, compensated for by increased acuteness of
the remaining ones has been exploded.  Such a theory accuses, in substance, the 
Maker of creating something needless, and is repugnant to the conceptions we have of 
the Supreme Being.  When one sense is absent, the remaining senses, in order to 
equalize the loss, have imposed upon them an unusual amount of activity, from which 
arises skill and dexterity, and by which the loss of the other sense is in some measure 
alleviated, but not supplied.  No additional power is given to the eye after the loss of the 
sense of hearing other than it might have acquired with the same amount of practice 
while both faculties were active.  The fact, however, that the senses, in performing their 
proper functions, are not overtaxed, and are therefore, in cases of emergency, capable 
of being extended so as to perform, in various degrees, additional service, is one of the 
wise providences of God, and to this fact is due the possibility of whatever of success is 
attained in the work of educating the deaf, as well as the blind.

In the case of the blind, the sense of touch is called into increased activity by the 
absence of the lost sense; while in the case of the deaf, sight is asked to do this 
additional service.  A blind person’s education is received principally through the two 
senses of hearing and touch.  Neither of these faculties is so sensible to fatigue by 
excessive use as is the sense of sight, and yet the eye has, in every system of 
instruction applied to the deaf, been the sole medium.  In no case known to the writer, 
excepting in the celebrated case of Laura Bridgman and a few others laboring under the
double affliction of deafness and blindness, has the sense of touch been employed as a
means of instruction.[1]
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[Footnote 1:  This article was written before Professor Bell had made his interesting 
experiments with his “parents’ class” of a touch alphabet, to be used upon the pupil’s 
shoulder in connection with the oral teaching.—E.A.F.]

Not taking into account the large percentage of myopes among the deaf, we believe 
there are other cogent reasons why, if found practicable, the use of the sense of touch 
may become an important element in our eclectic system of teaching.  We should 
reckon it of considerable importance if it were ascertained that a portion of the same 
work now performed by the eye could be accomplished equally as well through feeling, 
thereby relieving the eye of some of its onerous duties.

We see no good reason why such accomplishment may not be wrought.  If, perchance, 
it were discovered that a certain portion could be performed in a more efficient manner, 
its value would thus be further enhanced.

In theory and practice, the teacher of language to the deaf, by whatever method, 
endeavors to present to the eye of the child as many completed sentences as are 
nominally addressed to the ear—having them “caught” by the eye and reproduced with 
as frequent recurrence as is ordinarily done by the child of normal faculties.

In our hasty review of the methods now in use we noted the inability to approximate this 
desirable process as a common difficulty.  The facility now ordinarily attained in the 
manipulation of the type writer, and the speed said to have been reached by Professor 
Bell and a private pupil of his by the Dalgarno touch alphabet, when we consider the 
possibility of a less complex mechanism in the one case and a more systematic 
grouping of the alphabet in the other, would lead us to expect a more rapid means of 
communication than is ordinarily acquired by dactylology, speech (by the deaf), or 
writing.  Then the ability to receive the communication rapidly by the sense of feeling will
be far greater.  No part of the body except the point of the tongue is as sensible to touch
as the tips of the fingers and the palm of the hand.  Tactile discrimination is so acute as 
to be able to interpret to the brain significant impressions produced in very rapid 
succession.  Added to this advantage is the greater one of the absence of any more 
serious attendant physical or nervous strain than is present when the utterances of 
speech fall upon the tympanum of the ear.  To sum up, then, the advantages of the 
device we find—

First.  A more rapid means of communication with the deaf by syntactic language, 
admitting of a greater amount of practice similar to that received through the ear by 
normal children.

Second.  Ability to receive this rapid communication for a longer duration and without 
ocular strain.
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Third.  Perfect freedom of the eye to watch the expression on the countenance of the 
sender.

Fourth.  In articulation and speech-reading instruction, the power to assist a class 
without distracting the attention of the eye from the vocal organs of the teacher.
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Fifth.  Freedom of the right hand of the pupil to make instantaneous reproduction in 
writing of the matter being received through the sense of feeling, thereby opening the 
way for a valuable class exercise.

Sixth.  The possible mental stimulus that accompanies the mastery of a new language, 
and the consequent ability to receive known ideas through a new medium.

Seventh.  A fresh variety of class exercises made possible.

The writer firmly believes in the good that exists in all methods that are, or are to be; in 
the interdependence rather than the independence of all methods; and in all school-
room appliances tending to supplement or expedite the labors of the teacher, whether 
they are made of materials delved from the earth or snatched from the clouds.

S. TEFFT WALKER,

Superintendent of the Kansas Institution, Olathe, Kans.

* * * * *

WATER GAS.

THE RELATIVE VALUE OF WATER GAS AND OTHER GASES AS IRON REDUCING 
AGENTS.

By B.H.  THWAITE.

In order to approximately ascertain the relative reducing action of water gas, carbon 
monoxide, and superheated steam on iron ore, the author decided to have carried out 
the following experiments, which were conducted by Mr. Carl J. Sandahl, of Stockholm, 
who also carried out the analyses.  The ore used was from Bilbao, and known as the 
Ruby Mine, and was a good average hematite.  The carbonaceous material was the 
Trimsaran South Wales anthracite, and contained about 90 per cent. of carbon.

A small experimental furnace was constructed of the form shown by illustration, about 4 
ft. 6 in. high and 2 ft. 3 in. wide at the base, and gradually swelling to 2 ft. 9 in. at the 
top, built entirely of fireclay bricks.  Two refractory tubes, 2 in. square internally, and the 
height of the furnace, were used for the double purpose of producing the gas and 
reducing the ore.

The end of the lower tube rested on a fireclay ladle nozzle, and was properly jointed 
with fireclay; through this nozzle the steam or air was supplied to the inside of the 
refractory tubes.  In each experiment the ore and fuel were raised to the temperature “of
from 1,800 to 2,200 deg.  Fahr.” by means of an external fire of anthracite.  Great care 
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was taken to prevent the contact of the solid carbonaceous fuel with the ore.  In each 
experiment in which steam was used, the latter was supplied at a temperature 
equivalent to 35 lb. to the square inch.

The air for producing the carbon monoxide (CO) gas was used at the temperature of the
atmosphere.  As near as possible, the same conditions were obtained in each 
experiment, and the equivalent weight of air was sent through the carbon to generate 
the same weight of CO as that generated when steam was used for the production of 
water gas.

[Illustration]

First Experiment, Steam (per se).—Both tubes, A and B, were filled with ore broken to 
the size of nuts.  The tube, A, was heated to about 2,000 deg.  Fahr., the upper one to 
about 1,500 deg.
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NOTE.—In this experiment, part of the steam was dissociated in passing through the 
turned-up end of the steam supply pipe, which became very hot, and the steam would 
form with the iron the magnetic oxide (Fe_{3}O_{4}).  The reduction would doubtless be 
due to this dissociation.  The pieces of ore found on lowest end of the tube, A, were 
dark colored and semi-fused; part of one of these pieces was crushed fine, and tested; 
see column I. The remainder of these black pieces was mixed with the rest of the ore 
contained in tube, A, and ground and tested; see column II.  The ore in upper tube was 
all broken up together and tested; see column III.  When finely crushed, the color of No. 
I. was bluish black; No.  II., a shade darker red; No.  III., a little darker than the natural 
color of the ore.  The analyses gave: 

-----------------------------+ - --------+ - --------+ - ----
----
|     I.   |    II.   |   III.
+ - --------+ - --------+ - --------
| p e r  c e n t . | p e r  c e n t . | p e r  c e n t .  
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |   6 8.5 5   |   7 6 .47   |   8 4.81
Fe r ro us  oxide  (FeO).         |   1 6.20   |    9 .5 0   |    1 .50
+ - --------+ - --------+ - --------
Total.               |   8 4.75   |   8 5.97   |   8 6.31
+ - --------+ - --------+ - --------
Calcula t e d:                    |          |          |
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |   3 2.5 5   |   5 5 .36   |   8 1.47
M a g n e tic  oxide  (Fe_{3 }O_{4 }). |   5 2.2 0   |   3 0.61   |    4 .8 4
Fe r ro us  oxide  (FeO).         |          |          |
+ - --------+ - --------+ - --------
Total.                       |   8 4 .75   |   8 5.9 7   |   8 6.31
+ - --------+ - --------+ - --------
Pe rc e n t a g e  of to t al
oxyge n  r e d u c e d.       |    6 .93   |    4 . 02   |    1 .07
M e t allic iron.                |   6 0 .59   |   6 0.9 2   |   6 0.54
-----------------------------+ - --------+ - --------+ - --------
/p r e >

S e co n d  Ex p eri m e n t ,  Wat er  Gas .—The
t u b e,  A, w a s  filled  wi th  s m all pi ec es  of a n t h r aci t e ,
a n d  h e a t e d  u n til all t h e  vola tile  m a t t e r  h a d  b e e n
exp elled.   The  t u b e ,  B, w a s  t h e n  plac e d  in t u b e ,
A, t h e  join t  b ein g  m a d e  wit h  fir eclay, a n d  to  p r ev e n t
t h e  s t e a m  fro m  c a r rying  s m all p a r ticle s  of solid  c a r bo n
into  o r e  in t h e  u p p e r  t u b e ,  t h e  a n t h r a ci t e  w a s  divide d
fro m  t h e  o r e  by m e a n s  of a  pi ec e  of fine  wi r e  g a uz e.  
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The  s t e a m  a t  a  p r e s s u r e  of a bo u t  3 5  lb. to  t h e  s q u a r e
inch  w a s  p a s s e d  t h ro u g h  t h e  a n t h r a ci t e .   The  t u b e ,
A, w a s  h e a t e d  to  w hi t e  h e a t ,  t h e  t u b e ,  B, a t  it s  low e r
e n d  to  b rig h t  r e d ,  t h e  top  to  c h e r ry  r e d.

------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+
-----+ - ----+ - ----+ - ----+
Exp e rim e n t .        |       1 s t .        |           2 d .           |        3 d.        |
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
N u m b er.           |   I. |  II. |  III. |   I. |  II. |  III. |  IV. |   I. |  II. |  III. |
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
Total I ron.        | 6 0.5 9 | 6 0.9 2 | 6 0.54 | 6 5.24 | 6 1 .71 | 6 1 .93 | 5 7.23
| 5 9.7 3 | 5 7.9 3 | 5 5.5 4 |
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+

Iron  occu r ring  a s
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
Pe r  c e n t .  of Oxides.                                                           |
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
FeO.            | 1 6.20 |  9 .5 0 |  1 .50 | 6 0.40 | 2 3 .90 |  5 . 18 |  1 .0 8 | 3 7.8 6 |  3 .46 |  1 .44
Fe_{2 }O_{3 }.     | 6 8.5 5 | 7 6.4 7 | 8 4.81 | 2 6.08 | 6 1 .60 | 8 2 .71 | 8 0.55 | 4
3.26 | 7 8.91 | 7 7.7 4
Total.          | 8 4.7 5 | 8 5.9 7 | 8 6.3 1 | 8 6.48 | 8 5.50 | 8 7 .89 | 8 1 .63 | 8
1.12 | 8 2.37 | 7 9.1 8
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+

Oxyg e n  in Or e .
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
Befor e  exp e ri m e n t . | 25.9 7 | 2 6.1 0 | 2 6.0 5 | 2 7.96 | 2 6.45 | 2 6 .54 | 2 4 .52
| 2 5.6 0 | 2 4.8 1 | 2 3.8 0
Afte r  exp e ri m e n t .  | 2 4 .16 | 2 5 .05 | 2 5.77 | 2 1.24 | 2 3.79 | 2 5.96 | 2 4.4 0
| 2 1.3 9 | 2 4.4 4 | 2 3.6 4
Diffe r e n c e.      |  1 .8 1 |  1 .0 5 |  0 .28 |  6 . 72 |  2 .6 6 |  0 .5 8 |  0 .12 |  4 . 21 |  0 .3 7 |  0 .1 6
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+

Pe r  c e n t .  of oxyge n  r e d uc e d.
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
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oxyge n  r e d u c e d.  |  6 .93 |  4 . 02 |  1 .0 7 | 2 4.0 3 | 1 0.0 2 |  2 .18 |  0 . 49 | 1 6.44 |  1 .4 9 |  0 .4 2
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+

Deg r e e  of Oxida tion  of t h e  Or e  af t e r  t h e  Exp e ri m e n t .
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
FeO.              |  ... |  ... |  ... | 8 4.66 |  ... |  ... |  ... | 1 8.4 0 |  ... |  ... |
Fe_{3 }O_{4 }.       | 5 2.20 | 3 0.61 |  4 .8 4 | 3 7.8 2 | 7 7.01 | 2 8.12 |  3 . 88 | 6 2.72 | 1 1.14 |  
4 . 64 |
Fe_{2 }O_{3 }.       | 3 2.55 | 5 5.36 | 8 1.4 7 |  ... |  8 .4 9 | 5 9.7 7 | 7 7.7 5 |  ... | 7 1.2 3 | 7 4.5 4 |
Total.            | 8 4.75 | 8 5.97 | 8 5.97 | 8 5.9 7 | 8 5.9 7 | 8 5.9 7 | 8 5.9 7
| 8 5.9 7 | 8 5.9 7 | 8 5.9 7 |
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+

------------------+ - ----------------+ - -----------------
-----+ - ----------------+
The  o r e  h aving     |                  |                        |                  |
b e e n  expos e d  to    |      S t e a m.       |      Wate r  g a s.         |  Ca r bo n  m o noxide. |
------------------+ - ----------------+ - ----------------------
+ - ----------------+

Four S a m ples  w er e  Tes t e d .—I. 
The  bo t to m  layer, 1 1/4  in. t hick; t h e  colo r  of o r e
q ui t e  bl ack,  wit h  s m all p a r ticle s  of r e d uc e d  s pon gy
m e t allic i ron.   II.  Laye r  a bove  I., 4 1/4  in.
t hick; t h e  colo r  w a s  also  bl ack,  b u t  s how e d  a  lit tle
p u r ple  tin t .   III.  Laye r  a bove  II., 5  in.
t hick; p u r pl e  r e d  color.  IV.  Laye r  a bove
III., o r e  a  r e d  color.  The  a n alys es  g av e:  
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-----------------------------+ - --------+ - --------+ - ----
----+ - --------
|     I.   |    II.   |   III.   |    IV.
+ - --------+ - --------+ - --------+ - --------
| p e r  c e n t . | p e r  c e n t . | p e r  c e n t . | p e r  c e n t .  
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |   2 6.0 8   |   6 1 .60   |   8 2.71   |   8 0.55
Fe r ro us  oxide  (FeO).         |   6 0.40   |   2 3.90   |    5 .18   |    1 .0 8
+ - --------+ - --------+ - --------+ - --------
Total.               |   8 6.48   |   8 5.50   |   8 7.89   |   8 1.6 3
+ - --------+ - --------+ - --------+ - --------
Calcula t e d:                    |          |          |          |
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |    ...   |    8 .49   |   5 9.77   |   7 7.7 5
M a g n e tic  oxide  (Fe_{3 }O_{4 }). |   3 7.8 2   |   7 7.01   |   2 8.12   |    3 .88
Fe r ro us  oxide  (FeO).         |   4 8.66   |          |          |
+ - --------+ - --------+ - --------+ - --------
Total.                       |   8 6 .48   |   8 5.4 1   |   8 7.89   |   8 1.63
+ - --------+ - --------+ - --------+ - --------
Pe rc e n t a g e  of to t al
oxyge n  r e d u c e d.       |   2 4.0 3   |   1 0 .02   |    2 .2 6   |    0 . 49
M e t allic iron.                |   6 5 .24   |   6 1.7 1   |   6 1.93   |   5 7.23
-----------------------------+ - --------+ - --------+ - --------+
---------

N OTE.—All t h e  c a r bo n  dioxide  (CO_{2 }) occu r ring
in t h e  o r e  a s  c alcic  c a r bo n a t e  w a s  exp elle d.

T hird  Ex p eri m e n t ,  Carbon  m o n oxide  (CO).—The
t u b e  A w a s  filled  wi t h  a n t h r a ci t e  in t h e  m a n n e r  d e s c rib e d
for  t h e  s eco n d  exp e ri m e n t ,  a n d  h e a t e d  to  d rive  off
t h e  vola tile  m a t t er, b efo r e  t h e  o r e  w a s  pl ac e d  in t h e
u p p e r  t u b e,  B, a n d  t h e  a n t h r a ci t e  w a s  divide d  fro m
t h e  o r e  by m e a n s  of a  pi ec e  of fine  wi r e  g a uze .  
The  low e r  t u b e ,  A, w a s  h e a t e d  to  t h e  t e m p e r a t u r e  of
w hi t e  h e a t ,  t h e  u p p e r  on e ,  B, to  a  t e m p e r a t u r e  of b rig h t
r e d .   I. Layer, 1  in. t hick  fro m  t h e  bo t to m;  o r e
d a rk  b ro w nish  colo r e d.   II.  Laye r  4  in. t hick
a bove  I.; o r e  r e d dis h  b row n.   III.  Laye r  1 1
in. t hick  a bove  II.; o r e  r e d  color.  The  a n alyse s
g ave:  

-----------------------------+ - --------+ - --------+ - ----
----

78



|     I.   |    II.   |   III.
+ - --------+ - --------+ - --------
| p e r  c e n t . | p e r  c e n t . | p e r  c e n t .  
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |   4 3.2 6   |   7 8 .91   |   7 7.74
Fe r ro us  oxide  (FeO).         |   3 7.86   |    3 .4 6   |    1 .44
+ - --------+ - --------+ - --------
Total.               |   8 1.12   |   8 2.37   |   7 9.18
+ - --------+ - --------+ - --------
Calcula t e d:                    |          |          |
Fe r ric  oxide  (Fe_{2 }O_{3 }).   |    ...   |   7 1.2 3   |   7 4 .54
M a g n e tic  oxide  (Fe_{3 }O_{4 }). |   6 2.7 2   |   1 1.14   |    4 .6 4
Fe r ro us  oxide  (FeO).         |   1 8.40   |          |
+ - --------+ - --------+ - --------
Total.                       |   8 1 .12   |   8 2.3 7   |   7 9.18
+ - --------+ - --------+ - --------
Pe rc e n t a g e  of to t al
oxyge n  r e d u c e d.       |   1 6.4 4   |    1 . 49   |    0 .42
M e t allic iron.                |   5 9 .73   |   5 7.9 3   |   5 5.54
-----------------------------+ - --------+ - --------+ - --------
/p r e >

N OTE.—The  c a r bo n  m o noxide  (CO) h a d  failed
to  r e move  fro m  t h e  o r e  t h e  c a r bo n  dioxide  exis ting
a s  c alcic  c a r bo n a t e .   The  s u m m a ry of exp e ri m e n t s
in t h e  following  t a bl e  a p p e a r s  to  s how  t h a t  t h e  w a t e r
g a s  is a  m o r e  pow e rful r e d u cing  a g e n t  t h a n  CO in p ro po r tion
to  t h e  r a tio of a s
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4.21  x 1 0 0
4.21  :  6 . 72,  o r  ------------ =  5 2  p e r  c e n t .
7 2

Mr. B.D.  H e aley, Assoc.   M. Ins t.   C.E.,
a n d  t h e  a u t ho r  a r e  jus t  now  cons t r uc ting  la rg e  exp e ri m e n t al
pl a n t  in w hich  w a t e r  g a s  will b e  u s e d  a s  t h e  r e d ucing
a g e n t .   This  pl a n t  wo uld  h ave  b e e n  a t  wo rk  b efo r e
t his  b u t  for  so m e  d efec t s  in t h e  valvula r  a r r a n g e m e n t s ,
w hich  will b e  e n ti r ely r e move d  in t h e  n e w  m o difica tions
of t h e  pla n t .

*       *       *       *  
    *

ANTISEPTIC MOUTH WASH.

Whe r e  a n  a n ti se p tic  m o u t h  w a s h  is n e e d e d,  Mr. S e will
p r e s c rib es  t h e  u s e  of p e r c hlo rid e  of m e r c u ry  in t h e
following  for m:   On e  g r ain  of t h e  p e r c hlo rid e
a n d  1  g r ain  of c hlo rid e  of a m m o niu m  to  b e  di ssolved
in 1  oz. of e a u  d e  Colog n e  o r  tinc t u r e  of le mo ns,
a n d  a  t e a s poonful of t h e  solu tion  to  b e  mixed  wi th
t wo-t hi r d s  of a  win e glas sful of w a t er, m a king  a  p ro po r tion
of a bo u t  1  of p e r c hlo rid e  in 5,00 0  p a r t s .—Ch e mis t
and  Drug gis t .

*       *       *       *  
    *

ANNATTO.

[Footno t e:   Re a d  a t  a n  eve nin g  m e e tin g  of t h e
N o r t h  Bri tish  Bra nc h  of t h e  P h a r m a c e u tic al Socie ty,
Jan u a ry 2 1.]
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By WILLIAM LAWSON.

The  s u bjec t  w hich  I h av e  t h e  ho no r  to  b ring  s ho r tly
b efo r e  you r  no tice  t his  eve ning  is on e  t h a t  for m e d
t h e  b a sis  of so m e  ins t r uc tive  r e m a r ks  by  Dr. Red wood
in N ove m b er, 1 8 5 5,  a n d  al so  of a  p a p e r  by  Dr. H a s s all,
r e a d  b efor e  t h e  Socie ty in Londo n  in Janu a ry, 1 8 5 6,
w hich  la t t e r  g ave  ris e  to  a n  a ni m a t e d  di scu ssion.  
The  wo rk  d e t ailed  b elow w a s  w ell in h a n d  w h e n  Mr.
M a cE w a n  d r e w  my a t t e n tion  to  t h e s e  a n d  kindly s u p plied
m e  wit h  t h e  volu m e  co n t aining  r e po r t s  of t h e m.  
U nfor t u n a t ely, t h ey d e al  p rincip ally wi t h  t h e  a d ul t e r a t ions,
w hile  I w a s  m o r e  p a r ticula rly d e si rous  to  lea r n  t h e
co m posi tion  in  a  g e n e r al  w ay, a n d  e s p e ci ally t h e  p e r c e n t a g e
of colo rin g  r e sin,  t h e  impo r t a n t  cons ti t u e n t  in  co m m e r cial
a n n a t to.   Within  t h e  las t  few ye a r s  it w a s  on e
of t h e  a r ticles  in consid e r a ble  d e m a n d  in t his  p a r t
of t h e  cou n t ry; no w  it is s eldo m  inqui r e d  for. 
This, c e r t ainly, is no t  b ec a u s e  b u t t e r  colo ring  h a s
c e a s e d  to  b e  e m ploye d,  a n d  h e n c e  t h e  r e a so n  for  r e g r e t ting
t h a t  t h e  p e r c e n t a g e  of r e sin  w a s  no t  d e al t  wi th  in
t h e  a r ticle s  r ef e r r e d  to,  so  t h a t  a  co m p a rison  could
h ave  b e e n  m a d e  b e t w e e n  t h e  co m m e r cial a n n a t to  of t h a t
p e riod  a n d  t h a t  w hich  exis t s  now.  In  c a s e  so m e
m ay no t  b e  in poss e ssion  of lit e r a t u r e  b e a ring  on
it—w hich,  by  t h e  w ay, is ve ry m e a g e r—it
m ay no t  b e  ou t  of pl ac e  to  q uo t e  so m e  s ho r t  d e t ails
a s  to  it s  sou rc e,  t h e  p roc e s s e s  for  ob t aining  it,
t h e  co m position  of t h e  r a w  m a t e ri al, a n d  t h e n  t h e  m e t ho d
follow e d  in t h e  p r e s e n t  inq ui ry will b e  give n,  tog e t h e r
wi th  t h e  r e s ul t s  of t h e  exa min a tion  of t e n  s a m ples;
a n d  t hou g h  t h e  s u bjec t  do u b tle s s  h a s  m o r e  in t e r e s t
for  t h e  cou n t ry t h a n  for  t h e  tow n  d r u g gis t ,  s till,
I t r u s t  it will h av e  poin t s  of in t e r e s t  for  bo t h.
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Ann a t to  is t h e  colo ring  m a t t e r  d e rive d  fro m  t h e  s e e d s
of a n  eve r g r e e n  pl a n t ,  Bixa Orellana , w hich
g row s  in t h e  E a s t  a n d  West  India n  Isla n ds  a n d  So u t h
Ame rica,  in t h e  la t t e r  of w hic h  it  is p rincipally p r e p a r e d.  
Two kinds  a r e  impor t e d,  S p a nis h  a n n a t to,  m a d e  in Brazil,
a n d  flag  o r  F r e nc h,  m a d e  m os tly in Caye n n e.   The s e
diffe r  conside r a bly in c h a r a c t e r s  a n d  p ro p e r ti e s,
t h e  la t t e r  h aving  a  dis a g r e e a ble  p u t r e s c e n t  odor, w hile
t h e  S p a nis h  is r a t h e r  a g r e e a ble  w h e n  fr es h  a n d  good.  
I t  is, how ever, infe rio r  to  t h e  flag  a s  a  colo ring
o r  dyeing  a g e n t .   The  s e e d s  fro m  w hich  t h e  s u bs t a nc e
is ob t ain e d  a r e  r e d  on  t h e  ou t side,  a n d  t wo  m e t ho d s
a r e  follow e d  in o r d e r  to  ob t ain  it.  On e  is to
r u b  o r  w a s h  off t h e  colo ring  m a t t e r  wi t h  w a t er, a llow
it to  s u b sid e,  a n d  to  expos e  it to  s pon t a n eo u s  ev a po r a tion
till it  a c q ui r e s  a  p a s ty consis t e nc e .   The  o t h e r
is to  b r ui s e  t h e  s e e d s,  mix t h e m  wit h  w a t er, a n d  allow
fe r m e n t a tion  to  s e t  in, d u rin g  w hich  t h e  colo ring
m a t t e r  collec t s  a t  t h e  bo t to m, fro m  w hich  it is s u bs e q u e n tly
r e m ove d  a n d  b ro u g h t  to  t h e  p ro p e r  consis t e nc e  by s pon t a n eo us
ev a po r a tion.   The s e  p a r ticul a r s,  c ulled  fro m  Dr.
Re d wood’s r e m a r ks,  m ay  s uffice  to  s how  its  so u rc e
a n d  t h e  m e t ho ds  for  ob t aining  it.

Dr. John  gives  t h e  following  a s  t h e  co m posi tion  of
t h e  p ulp  s u r ro u n ding  t h e  s e e d s:   Coloring  r e sinous
m a t t er, 2 8;  ve g e t a ble  glu t e n,  2 6.5;  lign eou s  fiber,
2 0;  colo ring,  2 0;  ext r a c tive  m a t t er, 4;  a n d  a  t r a c e
of s picy a n d  a cid  m a t t er.

I t  m u s t  b e  u n d e r s tood,  how ever, t h a t  co m m e r ci al a n n a t to,
h aving  u n d e r go n e  p roc e ss e s  n ec es s a ry  to  fit  it  for
it s  va rious  u s e s,  a s  w ell a s  to  p r e s e rve  it, diffe r s
con sid e r a bly fro m  t his;  a n d  t ho u g h  it  m ay  no t  b e  t r u e ,
a s  so m e  hin t ,  t h a t  m a n ufac t u ring  in  t his  indus t ry is
si m ply a  t e r m  synony mo us  wi th  a d ul t e r a tin g,  ye t  r e s ul t s
will af t e r w a r d  b e  given  t e n ding  to  s how  t h a t  t h e r e
a r e  a r ticles  in  t h e  m a rk e t  w hich  h ave  lit tle  r e al
claim  to  t h e  t i tl e.   I t r i e d,  b u t  failed,  to  p roc u r e
a  s a m ple  of r a w  m a t e ri al on  w hich  to  work,  wi th  a
view to  lea r n  so m e t hin g  of it s  c h a r a c t e r s  a n d  p rop e r ti e s
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in  t his  s t a t e ,  a n d  t h u s  b e  a bl e  to  con t r a s t  it wi t h
t h e  m a n ufac t u r e d  o r  co m m e r cial a r ticle.   The  b e s t
t hin g  to  do  in t h e  ci rcu m s t a n c e s,  I t hou g h t ,  w a s  to
op e r a t e  on  t h e  high es t  p rice d  s a m ple  a t  dis pos al,
a n d  t his  w a s  do n e  in all t h e  diffe r e n t  w ays  t h a t  s u g g e s t e d
t h e m s elves.   The  ext r a c tion  of t h e  r e sin  by m e a n s
of alcohol—t h e  u s u al w ay, I b elieve—w a s
a  m o r e  t ro u ble so m e  op e r a tion  t h a n  it  a p p e a r e d  to  b e ,
a s  t h e  following  exp e ri m e n t  will s how:  On e  h u n d r e d
g r ain s  of No.  8  w e r e  t ak e n,  d rie d  t ho ro u g hly, r e d uc e d
to  fine  pow d er, a n d  in t rod uc e d  in to  a  flask  con t aining
4  ou nc e s  of alcohol in t h e  for m  of m e t hyla t e d  s pi ri t ,
boiled  for  a n  ho u r—t h e  flask  d u rin g  t h e
op e r a tion  b eing  a t t a c h e d  to  a n  inve r t e d  con d e n s e r—filt e r e d
off, a n d  t h e  r e sid u e  t r e a t e d  wi th  a  s m alle r  a mo u n t
of t h e  s pi ri t  a n d  boiled  for  t e n  min u t e s .   This
w a s  r e p e a t e d  wi th  di minishing  q u a n ti ti es  u n til in
all 1 4  ou nc e s  h a d  b e e n  u s e d  b efo r e  t h e  alcoholic solu tion
c e a s e d  to  t u r n  blu e  on  t h e  a d di tion  to  it  of s t ro n g
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s ulp h u ric  a cid,  o r  failed  to  give  a  b ro w nis h  p r ecipi t a t e
wi th  s t a n no u s  c hlo rid e.   As t h e  s a m ple  con t ain e d
a  consid e r a ble  q u a n ti ty of po t a s siu m  c a r bo n a t e ,  in
w hich  t h e  r e sin  is soluble,  it  w a s  t ho u g h t  t h a t  by
n e u t r alizing  t his  i t mig h t  r e n d e r  t h e  r e sin  m o r e  e a sy
of ex t r ac tion.   This w a s  foun d  to  b e  so,  b u t  it
w a s  a c co m p a nie d  by s uc h  a  m a s s  of ext r a c tive  a s  m a d e
it  in t h e  long  r u n  m o r e  t ro u ble so m e,  a n d  h e n c e  it  w a s
a b a n do n e d.   Thinking  t h e  s pi ri t  e m ploye d  mig h t
b e  too  w e ak,  a n  exp e ri m e n t  wi th  co m m e r cial a b solu t e
alcohol w a s  c a r ri e d  ou t  a s  follows:  On e  h u n d r e d
g r ain s  of a  r e d  s a m ple,  No. 4 ,  w e r e  t ho ro u g hly d ri e d,
pow d e r e d  finely, a n d  boiled  in 2  ou nc es  of t h e  alcohol,
filt e r e d,  a n d  t h e  r e sidu e  t r e a t e d  wi th  h alf a n  ou nc e
m o r e .   This r e q ui r e d  to  b e  r e p e a t e d  wit h  fre s h
h alf ou nc e s  of t h e  alcohol u n til in all 7 1/2  w e r e
u s e d;  t h e  ti m e  occu pie d  fro m  fir s t  to  las t  b eing  al mos t
t h r e e  ho u r s .   This  w a s  conside r e d  u n s a tisfac to ry,
b e side s  b eing  ve ry exp e n sive,  a n d  so  it, a lso,  w a s
s e t  a sid e,  a n d  a  s e ri e s  of exp e ri m e n t s  wi th  m e t hyla t e d
s pi ri t  a lon e  w a s  s e t  in  h a n d.   The  r e s ul t s  s how e d
t h a t  t h e  e a sie s t  a n d  m o s t  s a tisfac to ry w ay w a s  to
t ak e  1 0 0  g r ain s  (this  a m o u n t  b ein g  p r efe r r e d,  a s  it
r e d u c e s  e r ro r  to  t h e  minim u m), d ry t ho ro u g hly, pow d e r
finely, a n d  m a c e r a t e  wi th  fr eq u e n t  a gi t a tion  for  t w e n ty-fou r
ho u r s  in a  few ou nc e s  of s pi ri t,  t h e n  to  boil in t his
s pi ri t  for  a  s ho r t  ti m e,  filt er, a n d  r e p e a t  t h e  boiling
wi th  a  fre s h  ou nc e  o r  so; t hi s,  a s  a  r ul e,  s ufficing
to  co m ple t ely exh a u s t  it of i t s  r e sin.   Wynt e r
Blyth  s ays  t h a t  t h e  r e d  r e sin,  o r  bixin, is soluble
in 2 5  p a r t s  of ho t  alcohol.  I t  a p p e a r s  fro m  t h e s e
exp e ri m e n t s  t h a t  m u c h  m o r e  is r e q ui r e d  to  dis solve
it  ou t  of co m m e r cial a n n a t to.

The  full p roc e s s  follow e d  consis t e d  in d e t e r mining
t h e  m ois tu r e  by  d rying  1 0 0  g r ains  a t  2 1 2  d e g.  
F. t ill cons t a n t ,  a n d  t aking  t his  d ri ed  po r tion  for
e s tim a tion  of t h e  r e sin  in t h e  w ay jus t  s t a t e d .  
The  alcoholic  ex t r a c t  w a s  ev a po r a t e d  to  d ryn e s s  ove r
a  w a t e r-b a t h ,  t h e  r e sidu e  dis solved  in  solu tion  of
sodiu m  c a r bo n a t e,  a n d  t h e  r e sin  p r ecipi t a t e d  by dilu t e
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s ulp h u ric  a cid  (th e s e  r e a g e n t s  b ein g  chos e n  a s  t h e
b e s t  af t e r  n u m e ro u s  t r i als  wit h  o t h e r s), a d d e d  in t h e
sligh t e s t  pos sible  exc e ss .   The  r e sin  w a s  collec t e d
on  a  t a r e d  do u ble  filt e r  p a p er, w a s h e d  wi th  di s tilled
w a t e r  u n til t h e  w a s hin gs  w e r e  e n ti r ely colo rles s,
d ri e d  a n d  w eigh e d.

The  a s h  w a s  foun d  in t h e  u s u al w ay, a n d  t h e  ex t r a c tive
by t h e  diffe r e n c e.   In  t h e  a s h  t h e  a m o u n t  soluble
w a s  d e t e r min e d,  a n d  q u ali t a tively ex a min e d,  a s  w a s
t h e  insoluble  po r tion  in m os t  of t h e m.

The  r e s ul t s  a r e  a s  follows: 
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|   1 .   |   2 .   |   3 .   |   4 .   |   5 .   |   6 .   |   7 .   |   8 .   |   9 .   |   1 0 .  
Mois t u r e  |  2 1.75 |  2 1.60 |  2 0.39 |  6 9 .73 |  1 8 .00 |  1 8.28 |  1 5.71 |  3 8.1 8 |  1 9.3 3 |  
2 2 .50
Resin     |   3 . 00 |   2 . 90 |   1 .0 0 |   8 .8 0 |   3 .0 0 |   1 .8 0 |   5 .40 |  1 2.0 0 |   5 .90 |   9 .20
Ext r ac-tive      |  5 7.29 |  5 9.33 |  6 5.0 0 |  1 9.4 7 |  5 8.4 0 |  6 5.6 7 |  2 6.89 |  2 0.82 |  
2 3 .77 |  2 8.50
Ash      |  1 7.96 |  1 6.17 |  1 3.6 1 |   2 .00 |  2 0.6 0 |  1 4.2 5 |  5 2.0 0 |  2 9.0 0 |  5 1.00 |  3 9.80
------------------------------------------------------------
-------------------
| 1 0 0.00 | 1 0 0.00 | 1 0 0.0 0 | 1 0 0.0 0 | 1 0 0.00 | 1 0 0.00 | 1 0 0.0 0 | 1 0 0.0 0 | 1 0 0
.00 | 1 0 0.00
------------------------------------------------------------
-------------------
Ashe s:     |       |       |       |Almos t |       |       |       |       |       |
Soluble   |  1 3.2 0 |  1 2.5 7 |   7 .5 0 | w holly |   1 0.0 |  1 1.75 |  1 8.5  |  2 0.0  |  1 5.0  |  1 3.8
Insoluble |   4 . 76 |   3 . 60 |   6 . 11 |  N aCl. |   1 0.6 |   2 .50 |  3 3.5  |   9 .0  |  3 6.0  |  2 6.0

The  firs t  six a r e  t h e  o r din a ry r e d  rolls, wi t h  t h e
exc e p tion  of No. 4 ,  w hich  is a  r e d  m a s s ,  t h e  only
on e  of t his  cla s s  di r e c t  fro m  t h e  m a n ufac t u r e r s .  
The  r e m ain d e r  a r e  b row n  c ak e s,  a ll exc e p t  No. 7  b ein g
fro m  t h e  m a n ufac t u r e r s  di r ec t .   The  a s h  of t h e
fir s t  t wo  w a s  la rg ely co m m o n  s al t; t h a t  of No. 3  con t ain e d,
b e side s  t his, iron  in  so m e  q u a n ti ty.  No. 4  is
u niqu e  in m a ny  r e s p e c t s.   I t  w a s  of a  b rig h t  r e d
color, a n d  poss e s s e d  a  no t  dis a g r e e a ble  odor. 
I t  con t ain e d  t h e  la r g e s t  p e r c e n t a g e  of m ois t u r e  a n d
t h e  low es t  of a s h;  h a d ,  co m p a r a tively, a  la r g e  a m o u n t
of colo rin g  m a t t e r ;  w a s  on e  of t h e  c h e a p e s t ,  a n d  in
t h e  cou r s e  of so m e  d ai ry t ri als, c a r ri e d  ou t  by  a n
in t ellige n t  fa r m er, w a s  p ro no u n c e d  to  b e  t h e  b e s t
s ui t e d  for  colo ring  b u t t er.  So  fa r  a s  my exp e ri e nc e
go es ,  it  w a s  a  s a m ple  of t h e  b e s t  co m m e r ci al exc ellenc e,
t hou g h  I fea r  t h e  m a s s  of w a t e r  p r e s e n t  a n d  t h e  a b s e nc e
of p r e s e rving  s u bs t a nc e s  will a s sis t  in it s  s p e e dy
d ec ay.  Were  s uc h  a n  a r ticle  e a sily p roc u r e d  in
t h e  u s u al w ay of b u sine s s,  t h e r e  wo uld  no t  b e  m u c h
to  co m plain  of, b u t  it  m u s t  no t  b e  forgo t t e n  t h a t
it  w a s  go t  di r ec t  fro m  t h e  m a n ufac t u r e r s—a
so m e w h a t  s u g g e s tive  fac t  w h e n  t h e  co m posi tion  of so m e
oth e r  s a m ples  is t ak e n  in to  a cco u n t .   No.  5  e mi t t e d
a  dis a g r e e a ble  odo r  d u rin g  igni tion.   The  soluble
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po r tion  of t h e  a s h  w a s  m os tly co m m o n  s al t ,  a n d  t h e
insoluble  con t ain e d  t h r e e  of s a n d—t h e  hig h e s t
a m o u n t  foun d,  al t hou g h  m os t  of t h e  r e d s  con t ain e d
so m e.   No.  6  w a s  a  vile-looking  t hing,  a n d  w h e n
a s socia t e d  in on e’s min d  wi t h  b u t t e r  g ave  ris e
to  dis a g r e e a ble  r eflec tions.   I t  w a s  w r a p p e d  in
a  p a p e r  s a t u r a t e d  wi th  a  s t ro n gly s m elling  lins e e d
oil.  Whe n  it  w a s  boiled  in w a t e r  a n d  b roke n  u p,
h ai r s ,  a mo n g  ot h e r  t hings ,  w e r e  obs e rve d  floa ting  a bo u t .  
I t  con t ain e d  so m e  iron.   The  fir s t  c ak e ,  No.  7 ,
g ave  off d u ring  igni tion  a n  a g r e e a ble  odo r  r e s e m bling
so m e  of t h e  fine r  tob a ccos,  a n d  t his  is c h a r a c t e ris tic
m o r e  o r  less  of all t h e  c ak e s .   The  a s h  w eigh e d
5 2  p e r  c e n t .,  t h e  soluble  p a r t  of w hich,  1 8.5,  w a s
m os tly po t a s siu m  c a r bo n a t e ,  wi th  so m e  c hlo rides  a n d
s ulp h a t e s;  t h e  insoluble,  m os tly c h alk wi th  i ron  a n d
alu min a.   No. 8—hig h e s t  p rice d  of all—h a d
in t h e  m a s s  a n  odo r  w hich  I c a n  co m p a r e  to  no t hin g
els e  t h a n  a  w ell r o t t e d  fa r mya r d  m a n u r e .   Twen ty
p a r t s  of t h e  a s h  w e r e  soluble  a n d  la rg ely po t a s siu m
c a r bo n a t e ,  t h e  insoluble  b ein g  iron  for  t h e  m o s t  p a r t .  
The  mi n e r al  po r tions  of N os.  9  a n d  1 0  clos ely r e s e m ble
No.  7.
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On looking  ove r  t h e  r e s ul t s ,  it  is foun d  t h a t  t h e
r e d  rolls  con t ain e d  s t a r c hy m a t t e r s  in  a b u n d a nc e  (in
No.  4  t h e  s t a r c h  w a s  to  a  la r g e  ex t e n t  r e pl ac e d  by
w a t e r), a n d  a n  a s h,  m o s tly sodiu m  c hlo ride,  in t rod uc e d
no  do u b t  to  a s sis t  in it s  p r e s e rva tion  a s  w ell a s
to  inc r e a s e  t h e  colo r  of t h e  r e sin—a  w ell
know n  a c tion  of s al t  on  veg e t a ble  r e d s .   The  c ak e s,
w hich  a r e  m os tly u s e d  for  c h e e s e  colo ring,  I b elieve,
all a p p e a r e d  to  con t ain  t u r m e ric,  for  t h ey g ave  a
m o r e  o r  less  dis tinc t  r e a c tion  wit h  t h e  bo ric  a cid
t e s t ,  a n d  all exc e p t  No.  8  con t ain e d  la r g e  q u a n ti tie s
of c h alk.  Thes e  r e s ul t s  in r efe r e n c e  to  ext r a c tive,
e t c ., r eve al no t hin g  t h a t  h a s  no t  b e e n  know n
b efo r e.   Wynt e r  Blyth,  w ho  gives  t h e  only a n alys es
of a n n a t to  I h ave  b e e n  a ble  to  find,  s t a t e s  t h a t  t h e
co m posi tion  of a  fai r  co m m e rci al s a m ple  (which  I t ak e
to  m e a n  t h e  r a w  a r ticle) ex a min e d  by hi m  w a s  a s  follows: 
w a t er, 2 4.2; r e sin,  2 8.8;  a s h,  2 2.5; a n d  ex t r a c tive,
2 4 .5; a n d  t h a t  of a n  a d ul t e r a t e d  (which  I t ak e  to
m e a n  a  m a n ufac t u r e d)  a r ticle,  w a t er, 1 3.4;  r e sin,  1 1.0;
a s h  (iron,  silica,  c h alk,  alu min a,  a n d  co m m o n  s al t),
4 8 .3; a n d  ext r a c tive.  2 7.3.   If t his  b e  co r r ec t ,
it  a p p e a r s  t h a t  t h e  a r ticle s  a t  p r e s e n t  in t h e  m a r k e t ,
o r  a t  le a s t  t hos e  w hich  h ave  co m e  in my w ay, h ave  b e e n
w r e tc h e d  imit a tions  of t h e  g e n uin e  t hin g,  a n d  s ho uld,
ins t e a d  of b ein g  c alled  a d ul t e r a t e d  a n n a t to,  b e  c alled
so m e t hing  el s e  a d ul t e r a t e d ,  b u t  no t  s e riously, wi t h
a n n a t to.   I h av e  it on  t h e  a u t ho ri ty of t h e  fa r m e r
p r eviously r efe r r e d  to,  t h a t  1/4  of a n  ou nc e  of No.
4  is a m ply s ufficien t  to  imp a r t  t h e  d e si r e d  cow slip
tin t  to  no  les s  t h a n  6 0  lb. of b u t t er.  Whe n  so
lit tle  is a c t u ally r e q ui r e d ,  i t do es  no t  s e e m  of ve ry
s e rious  impo r t a n c e  w h e t h e r  t h e  a d ul t e r a n t  o r  p r e s e rv a tive
b e  flour, c h alk, o r  w a t er, b u t  it  is exa s p e r a tin g
in a  ve ry high  d e g r e e  to  h av e  s uc h  co m po u n d s  a s  Nos.
3  a n d  6  p al m e d  off a s  d e c e n t  t hings  w h e n  eve n  N os.
1,  2 ,  a n d  5  h ave  b e e n  r ej ec t e d  by  d ai ry m e n  a s  u s el e s s
for  t h e  p u r pos e.   In  conclusion,  I m ay  b e  p e r mi t t e d
to  exp r e s s  t h e  ho p e  t h a t  o t h e r s  m ay  b e  ind uc e d  to
exa min e  t h e  a n n a t to  t ak e n  in to  s tock  m o r e  clos ely t h a n
I w a s  t a u g h t  to  do,  a n d  h a d  b e e n  in t h e  h a bi t  of doing,
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n a m ely, to  s e e  if it  h a d  a  good  consis t e nc e  a n d  a n
odo r  r e s e m bling  bl ack  s u g ar, for  if so,  t h e  q u ali ty
w a s  a bove  s u s picion.

*       *       *       *  
    *

JAPANESE RICE WINE AND SOJA SAUCE.

P rofes so r  P. Coh n  h a s  r e c e n tly d e sc rib e d  t h e  m o d e
in w hich  h e  h a s  m a n ufac t u r e d  t h e  Japa n e s e  s ak e  o r
ric e  wine  in  t h e  labo r a to ry.  The  m a t e ri al u s e d
w a s  “Tan e  Kosi,” i.e ., g r ains  of r ice
co a t e d  wi th  t h e  myceliu m,  conidiop ho r e s ,  a n d  g r e e nis h
yellow c h ains  of co nidia  of As p er gillus  Oryzo e . 
The  fe r m e n t a tion  is c a us e d  by t h e  myc eliu m  of t his
fung us  b efor e  t h e  d evelop m e n t  of t h e  fruc tifica tion.  
The  ric e  is fi r s t  expos e d  to  m ois t  ai r  so  a s  to  c h a n g e
t h e  s t a r c h  in to  p a s t e ,  a n d  t h e n  mixe d  wi th  g r ains
of t h e  “Tan e  Kosi.”  The  w hole  m a s s
of r ic e  b e co m e s  in  a  s ho r t  t im e  p e r m e a t e d  by t h e  soft
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w hi t e  s hining  myc eliu m, w hich  imp a r t s  to  it t h e  odo r
of a p ple  o r  pin e-a p ple.   To p r eve n t  t h e  p ro d u c tion
of t h e  fruc tifica tion,  fr es hly m ois t e n e d  rice  is co ns t a n tly
a d d e d  for  t wo  o r  t h r e e  d ays,  a n d  t h e n  s u bjec t e d  to
alcoholic fe r m e n t a tion  fro m  t h e  S acc haro m y c e s ,
w hich  is alw ays  p r e s e n t  in t h e  r ic e,  b u t  w hich  h a s
no t hing  to  do  wi th  t h e  As p er gillus .  The
fe r m e n t a tion  is co m ple t e d  in two  o r  t h r e e  w e eks,  a n d
t h e  golde n  yellow, s h e r ry-like  s ak e  is po u r e d  off. 
The  s a m ple  m a n ufac t u r e d  con t ain e d  1 3.9  p e r  ce n t .  of
alcohol.  Ch e mic al inves tiga tion  s how e d  t h a t  t h e
As p er gillus  myc eliu m  t r a n sfo r m s  t h e  s t a r c h
in to  glucos e,  a n d  t h u s  pl ays  t h e  p a r t  of a  di a s t a s e .

Anot h e r  s u b s t a nc e  p rod uc e d  fro m  t h e  As p er gillus
ric e  is t h e  soja  s a u c e.   The  soja  leaves,  w hich
con t ain  lit tl e  s t a r c h,  b u t  a  g r e a t  d e al  of oil a n d
c a s ein,  a r e  boiled,  mixe d  wi th  ro a s t e d  b a rl ey, a n d
t h e n  wi t h  t h e  g r e e nis h  yellow conidia  pow d e r  of t h e
As p er gillus .  Afte r  t h e  myc eliu m  h a s  fruc tified,
t h e  m a s s  is t r e a t e d  wi t h  a  solu tion  of so diu m  c hlo ride ,
w hich  kills  t h e  As p er gillus , a no t h e r  fun g u s,
of t h e  n a t u r e  of a  Chalaza , a n d  si mila r  to
t h a t  p ro d uc e d  in t h e  fe r m e n t a tion  of “s a u e rk r a u t ,”
a p p e a ring  in it s  pl ac e.   The  d a rk-b row n  soja  s a uc e
t h e n  s e p a r a t e s .

*       *       *       *  
    *

ALUMINUM.

[Footno t e:   Annu al a d d r e s s  d elive r e d  by P r e sid e n t
J.A.  P ric e  b efor e  t h e  m e e tin g  of t h e  S c r a n ton
Boa r d  of Tra d e,  Mo n d ay, Janu a ry 1 8,  1 8 8 6.]

By J.A.  PRICE.
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Iron  is t h e  b a sis  of ou r  civiliza tion.   It s  s u p r e m a cy
a n d  pow e r  i t is impossible  to  ove r e s ti m a t e ;  it  e n t e r s
eve ry av e n u e  of d ev elop m e n t,  a n d  it  m ay  b e  s e t  dow n
a s  t h e  p ri m e  fac to r  in  t h e  wo rld’s p ro g r e s s .  
I t s  u tility a n d  it s  u nive r s ali ty a r e  h a n d  in h a n d,
w h e t h e r  in  t h e  m a g nifice n t  i ron  s t e a m s hip  of t h e  oce a n,
t h e  n e t wo rk  of iron  r ail u po n  lan d,  t h e  el ec t ric  goss a m e r
of t h e  air, o r  in t h e  m o s t  insignifica n t  a r ticles
of b uilding,  of clo t hing,  a n d  of co nve nie nc e .  
Withou t  i t, w e  s ho uld  h ave  mis e r a bly failed  to  r e a c h
ou r  p r e s e n t  ex al t e d  s t a tion,  a n d  t h e  e a r t h  would  s c a r c ely
m ain t ain  it s  p r e s e n t  po p ula tion;  it is ind e e d  t h e
s u b s t a n c e  of s u b s t a nc e s .   I t  is t h e  Archi m e d e a n
leve r  by  w hic h  t h e  g r e a t  h u m a n  wo rld  h a s  b e e n  r ais e d.  
S ho uld  it for  a  m o m e n t  forg e t  it s  c u n ning  a n d  lose
its  pow er, e a r t h q u ak e  s hocks  o r  t h e  w r eck  of m a t t e r
could  no t  b e  m o r e  dis a s t ro us .   H ow eve r  axiom a tic
m ay b e  eve ry t hing  t h a t  c a n  b e  s aid  of t his  wo n d e rful
m e t al, it is u n do u b t e dly c e r t ain  t h a t  i t m u s t  give
w ay to  a  m e t al  t h a t  h a s  s till g r e a t e r  p ropo r tions  a n d
vas t e r  pos sibili tie s.   S t r a n g e  a n d  s t a r tling  a s
m ay s e e m  t h e  a s s e r tion,  ye t  I b elieve  it  n eve r t h ele s s
to  b e  t r u e  t h a t  w e  a r e  a p p ro a c hing  t h e  p e riod,  if
no t  al r e a dy s t a n ding  u po n  t h e  t h r e s hold  of t h e  d ay,
w h e n  t his  m a gic al el e m e n t  will b e  r a dic ally s u p pl a n t e d ,
a n d  w h e n  t his  valua ble  min e r al  will b e  a s  co m ple t ely
s u p e r s e d e d  a s  t h e  s to n e  of t h e  a bo rigin es.   With
all it s  a p p a r e n t  po t e ncy, it  h a s  its  evid e n t  w e ak n e s s e s;
m ois t u r e  is eve ryw h e r e  a t  w a r  wi th  it, g a s e s  a n d  t e m p e r a t u r e
d e s t roy it s  fibe r  a n d  it s  life, con tinu e d  blows  o r
m o tion  c rys t allize  a n d  ro b  it  of i ts  s t r e n g t h ,  a n d
a cids  will d evou r  it  in a  nigh t .   If it b e  possible
to  elimin a t e  all, o r  eve n  on e  o r  m o r e ,  of t h e s e  q u ali ti es
of w e a k n e s s  in a ny m e t al, s t ill p r e s e rving  bo t h  q u a n ti ty
a n d  q u ali ty, t h a t  m e t al  will b e  t h e  m e t al  of t h e  fu tu r e .
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The  co min g  m e t al, t h e n ,  to  w hich  ou r  r ef e r e nc e  is
m a d e  is alu min u m,  t h e  m o s t  a b u n d a n t  m e t al  in t h e  e a r t h’s
c r u s t .   Of all s u b s t a nc e s ,  oxyge n  is t h e  m os t
a b u n d a n t ,  cons ti t u ting  a bo u t  on e-h alf; af t e r  oxyge n
co m e s  silicon,  cons ti t u tin g  a bo u t  on e-fou r t h,  wi th
alu min u m  t hi r d  in all t h e  lis t  of s u b s t a n c e s  of t h e
co m posi tion.   Le aving  ou t  of conside r a tion  t h e
con s ti t u e n t s  of t h e  e a r t h’s c e n t er, w h e t h e r  t h ey
b e  m ol t e n  o r  g a s eo u s,  m o r e  o r  less  d e n s e  a s  t h e  c a s e
m ay b e ,  a s  w e  a p p ro a c h  it, a n d  confining  ou r s elves
to  t h e  only p r a c tical p h a s e  of t h e  s u bjec t,  t h e  c r u s t ,
w e  find  t h a t  alu min u m  is b eyon d  q u e s tion  t h e  m o s t
a b u n d a n t  a n d  t h e  m o s t  u s eful of all m e t allic s u b s t a nc e s .

It  is t h e  m e t allic b a s e  of mic a,  felds p ar, sl a t e ,
a n d  clay.  P rofe sso r  Da n a  s ays:  “N e a rly
all t h e  rocks  exc e p t  lime s ton es  a n d  m a ny  s a n d s to n es
a r e  li t e r ally o r e-b e d s  of t h e  m e t al  alu minu m.” 
It  a p p e a r s  in t h e  g e m,  a s s u min g  a  blu e  in t h e  s a p p hi r e,
g r e e n  in  t h e  e m e r ald,  yellow in t h e  top az,  r e d  in
t h e  r u by, b ro w n  in t h e  e m e ry, a n d  so  on  to  t h e  w hi t e ,
g r ay, blu e,  a n d  bl ack  of t h e  sla t e s  a n d  clays.  
I t  h a s  b e e n  d u b b e d  “clay m e t al” a n d  “silve r
m a d e  fro m  clay;” al so  w h e n  mixe d  wi th  a ny co nsid e r a ble
q u a n ti ty of c a r bo n  b e co ming  a  g r ayish  o r  bluish  black
“alu m  sl a t e .”

This  m e t al  in  colo r  is w hi t e  a n d  n ex t  in lus t e r  to
silver.  I t  h a s  n eve r  b e e n  foun d  in a  p u r e  s t a t e ,
b u t  is know n  to  exis t  in  co m bin a tion  wi th  n e a rly t wo
h u n d r e d  diffe r e n t  mi n e r al s.   Co r u n d u m  a n d  p u r e
e m e ry a r e  o r e s  t h a t  a r e  ve ry ric h  in  alu min u m,  con t aining
a bo u t  fifty-fou r  p e r  c e n t .   The  s p ecific g r avity
is b u t  t wo  a n d  on e-h alf ti m es  t h a t  of w a t e r ;  it  is
ligh t e r  t h a n  gl a s s  o r  a s  ligh t  a s  c h alk, b eing  only
on e-t hi r d  t h e  w eig h t  of i ron  a n d  on e-fou r t h  t h e  w eigh t
of silve r ;  it  is a s  m alle a ble  a s  gold,  t e n a cious  a s
iron,  a n d  h a r d e r  t h a n  s t e el, b ein g  n ex t  t h e  dia m o n d.  
Thus  it is c a p a ble  of t h e  wide s t  va rie ty of u s e s ,
b ein g  soft  w h e n  d uc tili ty, fib rous  w h e n  t e n a ci ty,
a n d  c rys t alline  w h e n  h a r d n e s s  is r e q ui r e d.   I t s
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va rie ty of t r a n sfo r m a tions  is so m e t hin g  wo n d e rful. 
M e e ting  iron,  o r  ev e n  iron  a t  i ts  b e s t  in t h e  for m
of s t e el, in t h e  s a m e  field,  it e a sily van q uish e s
it  a t  eve ry poin t .   I t  m el t s  a t  1 ,30 0  d e g r e e s  F.,
o r  a t  le a s t  6 0 0  d e g r e e s  b elow t h e  m el ting  poin t  of
iron,  a n d  it n ei th e r  oxidizes  in t h e  a t m os p h e r e  no r
t a r nis h e s  in con t ac t  wi th  g a s e s .   The  e n u m e r a tion
of t h e  p ro p e r ti es  of alu min u m  is a s  e n c h a n tin g  a s
t h e  sc e n e s  of a  fai ry t al e.

Befor e  p roc e e din g  fu r t h e r  wi th  t hi s  n e w  wo n d e r  of
scie nc e ,  w hich  is al r e a dy knocking  a t  ou r  doo r s ,  a
b ri ef ske t c h  of it s  bi r t h  a n d  d evelop m e n t  m ay  b e  fit tingly
in t rod u c e d.   The  c el e b r a t e d  F r e nc h  ch e mis t  Lavoisier,
a  ve ry m a gician  in t h e  scie nc e ,  g ro ping  in t h e  d a rk
of t h e  las t  c e n t u ry, evolved  t h e  c h e mical t h eo ry of
co m b u s tion—t h e  exis t e nc e  of a  “highly
r e s pi r a ble  g a s ,” oxyge n,  a n d  t h e  p r e s e nc e  of
m e t allic b a s e s  in  e a r t h s  a n d  alkalies.   With  t h e
la t t e r  s u bjec t  w e  h ave  only to  do  a t  t h e  p r e s e n t  m o m e n t.  
The  m e t allic b a s e  w a s  p r e dic t e d,  ye t  no t  ide n tified.  
The  F r e n c h  Revolu tion  sw e p t  t his  g e niu s  fro m  t h e  e a r t h
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in  1 7 9 4,  a n d  d a rk n e s s  close d  in  u po n  t h e  sc e n e ,  u n til
t h e  ligh t  of Si r  H u m p h ry Davy’s la m p  in t h e
e a rly ye a r s  of t h e  p r e s e n t  c e n t u ry a g ain  s t r uck  u po n
t h e  m e t allic b a s e  of c e r t ain  e a r t h s ,  b u t  t h e  r eflec tion
w a s  so  fee ble  t h a t  t h e  g r e a t  s ec r e t  w a s  n ev e r  r eve al e d.  
The n  a  li t tl e  la t e r  t h e  S w e dis h  Be rzelius  a n d  t h e
Danish  Oe r s t e d ,  confide n t  in t h e  p r e dic tion  of Lavoisie r
a n d  of Davy, w e n t  in s e a r c h  of t h e  mys t e rious  s t r a n g e r
wi th  t h e  a g g r e s sive  el ec t ric  cu r r e n t ,  b u t  a s  ye t  to
no  p u r pos e.   I t  w a s  r e s e rve d  to  t h e  dis ting uis h e d
Ge r m a n  Wohler, in 1 8 2 7,  to  co m ple t e  t h e  wo rk  of t h e
p a s t  fifty ye a r s  of s t r u g gle  a n d  finally p ro d uc e  t h e
min u t e  w hi t e  glob ule  of t h e  p u r e  m e t al fro m  a  mixt u r e
of t h e  chlo ride  of alu minu m  a n d  sodiu m,  a n d  a t  las t
t h e  s ec r e t  is r eve al e d—t h e  fir s t  s t e p  w a s
t ak e n.   I t  took t w e n ty ye a r s  of labo r  to  r evolve
t h e  m e r e  discove ry in to  t h e  p ro d uc tion  of t h e  alu min u m
b e a d  in 1 8 4 6,  a n d  ye t  wi t h  t his  fir s t  s t e p,  t his  n e w
wo n d e r  r e m ain e d  a  foe t u s  u n d evelop e d  in t h e  wo m b  of
t h e  labo r a to ry for  ye a r s  to  co m e.

Re t u r nin g  a g ain  to  F r a nc e  so m e  ti m e  d u ring  t h e  ye a r s
b e t w e e n  1 8 5 4  a n d  1 8 5 8,  a n d  u n d e r  t h e  p a t ro n a g e  of
t h e  E m p e ro r  N a poleon  III., w e  b e hold  Deville  a t  las t
forcing  N a t u r e  to  yield  a n d  give  u p  t his  p r e cious
q u ali ty a s  a  m a n ufac t u r e d  p ro d uc t .   Ros e,  of Be rlin,
a n d  Ge r h a r d,  in E n gla n d,  p r e s sing  h a r d  u po n  t h e  h e els
of t h e  F r e n c h m a n,  m a k e  p e r m a n e n t  t h e  n e w  p ro d uc t  in
t h e  m a r k e t  a t  t hi r ty-two  dolla r s  p e r  pou n d.   The
d e s p ai r  of t h r e e-q u a r t e r s  of a  c e n t u ry of toilso m e
p u r s ui t  h a s  b e e n  b rok e n,  a n d  t h e  fu tu r e  of t h e  m e t al
h a s  b e e n  e s t a blis h e d.

The  a r t  of ob t aining  t h e  m e t al  sinc e  t h e  p e riod  u n d e r
con sid e r a tion  h a s  p ro g r e s s e d  s t e a dily by on e  p roc e s s
af t e r  a no t h er, cons t a n tly inc r e a sing  in po w e r s  of
p ro d uc tivi ty a n d  r e d u cin g  t h e  cos t .   Thes e  a r t s
a r e  in t e n s ely in t e r e s tin g  to  t h e  s t u d e n t ,  b u t  m u s t
b e  d e nie d  m o r e  t h a n  a  r efe r e nc e  a t  t his  tim e.  
The  p ric e  of t h e  m e t al  m ay b e  s aid  to  h ave  co m e  wit hin
t h e  r e a c h  of t h e  m a n ufac t u ring  a r t s  al r e a dy.
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A p r e s e n t  gl a nc e  a t  t h e  u s e s  a n d  pos sibili tie s  of
t his  won d e rful m e t al, it s  a p plica tion  a n d  its  va rying
q u ali ty, m ay no t  b e  ou t  of pl ac e.   I t s  alloys
a r e  ve ry n u m e ro u s  a n d  alw ays  s a tisfac to ry; wi th  iron,
p ro d ucing  a  co m p a r a tive  r u s t  p roof; wi th  cop p er, t h e
b e a u tiful golde n  b ro nz e,  a n d  so  on,  e m b r a cing  t h e
e n ti r e  lis t  of a r ticles  of u s efulne ss  a s  w ell a s  wo rks
of a r t ,  jew el ry, a n d  sci en tific ins t r u m e n t s .

I t s  c a p a city to  r e sis t  oxida tion  o r  r u s t  fit s  it  m o s t
e min e n tly for  all ho us e hold  a n d  cooking  u t e n sils,
w hile  i ts  colo r  t r a n sfo r m s  t h e  d a rk  visa g e d,  di s a g r e e a ble
a r r ay  of po t s,  p a n s ,  a n d  ki tch e n  imple m e n t s  in to  t hings
of co m p a r a tive  b e a u ty.  As a  m e t al  it  s u r p a s s e s
cop p er, b r a s s ,  a n d  tin  in  b eing  t a s t ele s s  a n d  odo rle s s,
b e side s  b eing  s t ro n g e r  t h a n  ei th er.

I t  h a s,  a s  w e  h ave  s e e n ,  b ulk wi thou t  w eig h t ,  a n d
con s e q u e n tly m ay  b e  availabl e  in cons t r uc tion  of fu rni tu r e
a n d  ho us e  fi t tings,  a s  w ell in t h e  m ul ti t udinous  r e q ui r e m e n t s
of a r c hi t ec t u r e.   The  b uilding  a r t  will exp e rie nc e
a  r a pid  a n d  r a dic al ch a n g e  w h e n  t his  m a t e r ial e n t e r s
a s  a  co m po n e n t  m a t e ri al, for  t h e r e  will b e  possibiliti e s
s uc h  a s  a r e  now  u n d r e a m e d  of in t h e  e r e c tion  of ho m e s,
p u blic b uildings,  m e m o rial s t r uc t u r e s ,  e t c . e t c .,
for  in t his  m e t al  w e  h ave  t h e  s t r e n g t h,  d u r a bility,
a n d  t h e  colo r  to  give  all t h e  va rie ty t h a t  g e nius  m ay
dic t a t e .
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And w h e n  w e  t ak e  a  s till fu r t h e r  s u rvey of t h e  vas t
field t h a t  is op e ning  b efor e  u s ,  w e  find  in t h e  s t r e n g t h
wi tho u t  size  a  m os t  d e si r a ble  a s sis t a n t  in all t h e
av e n u e s  of loco motion.   I t  is t h e  ide al m e t al  for
r ailw ay t r affic, for  c a r ri a g es  a n d  w a go ns.   The
s t e a m s hips  of t h e  oc e a n  of e q u al  size  will do u ble
t h ei r  c a r go  a n d  inc r e a s e  t h e  s p e e d  of t h e  p r e s e n t
g r eyhou n d s  of t h e  s e a ,  m a king  six d ays  fro m  s ho r e  to
s ho r e  s e e m  inde e d  a n  old  tim e  c alc ula tion  a n d  a cco m plish m e n t.  
A t hin n e r  a s  w ell a s  a  ligh t e r  pl a t e;  a  s m alle r  a s
w ell a s  a  s t ro n g e r  e n gin e;  a  la rg e r  a s  w ell a s  a  les s
h az a r do us  p ro p elle r;  a n d  a  n a t u r al  con dition  of r e sis t a nc e
to  t h e  a c tion  of t h e  el e m e n t s;  will m a k e  t r avel by
w a t e r  a  forcible  r ival to  t h e  s p e e d  a t t ain e d  u po n
land,  a n d  b rin g  all t h e  di s t a n t  cou n t rie s  in co n t a c t
wi th  ou r  civiliza tion,  to  t h e  p rofit  of all. 
This  m e t al  is d e s tin e d  to  a n nihila t e  s p a c e  eve n  b eyon d
t h e  d r e a m  of p hilosop h e r  o r  po e t .

The  t e n sile  s t r e n g t h  of t hi s  m a t e ri al  is so m e t hin g
e q u ally wo n d e rful, w h e n  wi r e  d r a w n  r e a c h e s  a s  high
a s  1 2 8,00 0  po u n d s,  a n d  u n d e r  o t h e r  con di tions  r e a c h e s
n e a rly if no t  q ui t e  1 0 0,00 0  pou n d s  to  t h e  s q u a r e  inch.  
The  r e q ui r e m e n t s  of t h e  Bri tish  a n d  Ger m a n  gove r n m e n t s
in t h e  b e s t  w ro u g h t  s t e el  g u n s  r e a c h  only a  s t a n d a r d
of 7 0,00 0  pou n ds  to  t h e  s q u a r e  inch.   Bridg e s
m ay b e  cons t r uc t e d  t h a t  s h all b e  ligh t e r  t h a n  wood e n
on e s  a n d  of g r e a t e r  s t r e n g t h  t h a n  w ro u g h t  s t e el a n d
e n ti r ely fre e  fro m  co r rosion.   The  tim e  is no t
dis t a n t  w h e n  t h e  m o d e r n  wo n d e r  of t h e  Brooklyn s p a n
will s e e m  a  toy.

It  m ay  al so  b e  no t e d  t h a t  t his  m e t al  affo rds  wid e
d evelop m e n t  in  plu m bing  m a t e ri al, in  piping,  a n d  will
r e n d e r  pos sible  t h e  al mos t  ind efini t e  ex t e nsion  of
t h e  co ming  fea t u r e  of co m m u nica tion  a n d  exc h a n g e—t h e
p n e u m a tic  t u b e .

The  r e sis t a nc e  to  co r rosion  evide n tly fit s  t hi s  m e t al
for  r ailw ay sle e p e r s  to  t ak e  t h e  pl ac e  of t h e  d ec aying
wood e n  ti e s.   In  t his  m e t al  t h e  sle e p e r  m ay b e

96



m a d e  a s  sof t  a n d  yielding  a s  le a d,  w hile  t h e  r ail m ay
b e  h a r d e r  a n d  to u g h e r  t h a n  s t e el, t h u s  a t  onc e  for ming
t h e  n e c e s s a ry c us hion  a n d  t h e  avoid a nc e  of ja r  a n d
nois e,  a t  t h e  s a m e  tim e  co n t ribu ting  to  a d di tion al
s ec u ri ty in vi r t u e  of a  s t ro n g e r  r ail.

In  con d uc tivi ty t his  m e t al  is only exc e e d e d  by cop p er,
h aving  m a ny ti m e s  t h a t  of iron.   Thus  in t ele g r a p hy
t h e r e  a r e  r e n e w e d  p ros p e c t s  in t h e  s u p pla n ting  of
t h e  g alva nized  iron  wi r e—ligh t n es s,  s t r e n g t h,
a n d  d u r a bili ty.  Whe n  a p plied  to  t h e  g e n e r a tion
of s t e a m,  t his  m a t e ri al  will e n a ble  u s  to  c a r ry  hig h e r
p r e s s u r e  a t  a  r e d u c e d  cos t  a n d  inc r e a s e d  s afe ty, a s
t his  will b e  a cco m plish e d  by t h e  t hin n e r  pl a t e ,  t h e
g r e a t e r  con d uc tivity of h e a t ,  a n d  t h e  b e t t e r  fiber.

I t  is s aid  t h a t  so m e  of it s  alloys  a r e  wi thou t  a  r ival
a s  a n  a n ti-fric tion  m e t al, a n d  h aving  h a r d n e s s  a n d
tou g h n e s s ,  fit s  it r e m a r k a bly for  b e a rin gs  a n d  jou r n al s.  
H e r ein  a  vas t  pos sibility in t h e  m e c h a nic  a r t  lies
do r m a n t—t h e  size  of t h e  m a c hin e  m ay  b e  r e d u c e d,
t h e  s p e e d  a n d  t h e  po w e r  inc r e a s e d ,  r e alizing  t h e  conc e p tion
of t wo  t hings  b e t t e r  don e  t h a n  on e  b efor e.   I t
is on e  of m a n’s c r e a tive  a c t s .
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F ro m  o th e r  of it s  alloys,  knives,  axe s,  s wor ds ,  a n d
all cu t tin g  imple m e n t s  m ay  r ec eive  a n d  hold  a n  e d g e
no t  s u r p a s s e d  by t h e  b e s t  t e m p e r e d  s t e el.  H ulot,
di r e c to r  in t h e  pos t a g e  s t a m p  d e p a r t m e n t ,  Pa ris,  a s s e r t s
t h a t  1 2 0,00 0  blow s  will exh a u s t  t h e  u s efuln es s  of t h e
c us hion  of t h e  s t a m p  m a c hin e ,  a n d  t his  n u m b e r  of blows
is give n  in  a  d ay; a n d  t h a t  w h e n  a  c us hion  of alu min u m
b ro nze  w a s  s u b s ti t u t e d ,  i t w a s  u n affec t e d  af t e r  m o n t h s
of u s e.

If w e  h ave  foun d  a  m e t al  t h a t  poss e s s e s  bo t h  t e n sile
s t r e n g t h  a n d  r e sis t a n c e  to  co m p r e s sion; m alle a bili ty
a n d  d uc tili ty—t h e  q u ali ty of h a r d e nin g,
soft e ning,  a n d  tou g h e ning  by t e m p e ring; a d a p t a bili ty
to  c a s tin g,  r olling,  o r  forging; s u sc e p tibili ty to
lus t e r  a n d  finish;  of co m ple t e  ho mo g e n eo us  ch a r a c t e r
a n d  u n u s u ally r e si s t a n t  to  d e s t r u c tive  a g e n t s—m a nkind
will c e r t ainly leave  t h e  p r e s e n t  a cco m plish m e n t s  a s
b elon ging  to  a n  effe t e  p a s t ,  a n d,  a s  i t w e r e ,  s t a r t
a n e w  in a  c a r e e r  of g r e a t e r  p ro s p e c t s.

This  impo r t a n t  m a t e ri al is to  b e  foun d  la r g ely in
n e a rly all t h e  rocks,  o r  a s  P rof.  Da n a  h a s  s aid,
“N e a rly all rocks  a r e  o r e-b e d s  of t h e  m e t al.” 
I t  is in eve ry clay b a nk.   I t  is p a r ticula rly a b u n d a n t
in t h e  coal m e a s u r e s  a n d  is incide n t al to  t h e  s h al e s
o r  sla t e s  a n d  cl ays  t h a t  u n d e rlie  t h e  co al.  This
u n d e r  clay of t h e  co al s t r a t u m  w a s  in all p rob a bili ty
t h e  soil ou t  of w hich  g r e w  t h e  veg e t a tion  of t h e  coal
d e posi t s.   I t  is a  co m po u n d  of alu min u m  a n d  o t h e r
m a t t er, a n d,  w h e n  mixed  wi th  c a r bo n  a n d  t r a n sfo r m e d
by t h e  p roc e ss e s  of g eologic a c tion,  it b e co m e s  t h e
s h ale  rock  w hich  w e  know  a n d  w hic h  w e  disc a r d  a s  wor t hl es s
sla t e .   And it is b a r ely possible  t h a t  w e  h ave
b e e n  a n d  a r e  s till c a r ti ng  to  t h e  r efus e  pile  a n  a r ticle
m o r e  valu a ble  t h a n  t h e  so  g r e a tly lau d e d  co al w a s t e
o r  t h e  m e r c h a n t a ble  co al it s elf.  We h ave  s e e n
t h a t  t h e  b e s t  alu min a  o r e  con t ain s  only fifty-fou r
p e r  c e n t .  of m e t al.

The  following  p r e p a r e d  t a bl e  h a s  b e e n  fu rnish e d  by
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t h e  cou r t e sy a n d  kind n e s s  of Mr. Alex.  H.  S h e r r e d ,
of S c r a n ton.

ALUMINA.

Blue-bl ack  s h ale,  Pine  Brook d rif t                
            2 7 .36  Sla t e  fro m  Briggs’ S h af t  coal
                                1 5.9 3  Black fir e  cl ay,
4  ft.  t hick,  N os.  4  a n d  5  Rolling  Mill mi n e s  2 3.53
Fi r s t  c u t  on  r ail ro a d,  bl ack  clay a bove  Rolling  Mill
         3 2.6 0  G vein  bl ack  clay, Hyd e  Pa rk  min e s
                           2 8.6 7

It  will b e  s e e n  t h a t  t h e  bl ack  clay, s h al e,  o r  sl a t e ,
h a s  a  cons ti t u e n t  of alu minu m  of fro m  1 5.93  p e r  c e n t .,
t h e  low es t,  to  3 2 .60  p e r  c e n t .,  t h e  hig h e s t .  
U n d e r  eve ry s t r a t u m  of coal, a n d  fre q u e n tly mixe d  wi t h
it, a r e  t h e s e  u n d e r  d e posi t s  t h a t  a r e  r ich  in  t h e
m e t al.  Wh e n  expos e d  to  t h e  a t m os p h e r e ,  t h e s e
s h ale s  yield  a  s m all d e posi t  of alu m.   In  t h e
m a n ufac t u r e  of alu m  n e a r  Gla sgow  t h e  s h al e  a n d  sla t e
clay fro m  t h e  old  coal pi t s  cons ti t u t e  t h e  m a t e r ial
u s e d,  a n d  in F r a n c e  alu m  is m a n ufac t u r e d  di r ec tly
fro m  t h e  cl ay.
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S ufficien t  h a s  b e e n  a dv a nc e d  to  w a r r a n t  t h e  a d di tion al
a s s e r tion  t h a t  w e  a r e  h e r e  eve ryw h e r e  s u r ro u n d e d  by
t his  inco m p a r a ble  mi n e r al, t h a t  i t is b ro u g h t  to  t h e
s u rfac e  fro m  its  d e posi t s  d e e p  in  t h e  e a r t h  by  t h e
n a t u r al  p roc e s s  in  mining,  a n d  is only exc e e d e d  in
q u a n ti ty by  t h e  coal it s elf.  Taking  a  colu m n a r
s ec tion  of ou r  coal field, a n d  co m p u tin g  t h e  t hickn e s s
of e a c h  s h al e  s t r a t u m,  w e  h av e  fro m  t w e n ty-five  to
sixty fee t  in t hickn e s s  of t his  m e t al-b e a rin g  s u b s t a nc e ,
w hich  ave r a g e s  ove r  t w e n ty-five p e r  c e n t .  of t h e  w hole
in q u a n ti ty in  m e t al.

I t  is r e a dily a p p a r e n t  t h a t  t h e  only t a sk  now  b efo r e
u s  is t h e  r e d u c tion  of t h e  o r e  a n d  t h e  ext r a c tion
of t h e  m e t al.  Ca n  t his  b e  do n e?   We a n s w er,
it  h a s  b e e n  do n e.   The  e g g  h a s  s tood  on  e n d—t h e
n e w  wo rld  h a s  b e e n  sig h t e d .   All t h a t  no w  r e m ains
is to  r e p e a t  t h e  op e r a t ion  a n d  ex t e n d  t h e  p roc e ss .  
Ch e a p  alu min u m  will r evolu tionize  indus t ry, t r avel,
co mfo r t,  a n d  ind ulge n c e,  t r a n sfo r ming  t h e  p r e s e n t
in to  a n  eve n  g r e a t e r  civiliza tion.   Let  u s  s e e .

We h ave  s e e n  t h e  discove ry of t h e  m e r e  ch e mic al exis t e nc e
of t h e  m e t al, w e  h ave  s tood  by t h e  bi r t h  of t h e  fi rs t
w hi t e  glob ule  o r  b e a d  by Wohler, in  1 8 4 6,  a n d  wi t n e s s s e d
its  in t ro d uc tion  a s  a  m a n ufac t u r e d  p ro d u c t  in 1 8 5 5,
since  w hich  ti m e,  by t h e  al t e r a tion  a n d  c h e a p e ning
of on e  p roc e ss  af t e r  a no t h er, it h a s  fallen  in p rice
fro m  t hi r ty-t wo  dolla r s  p e r  po u n d  in 1 8 5 5  to  fift ee n
dolla r s  p e r  po u n d  in 1 8 8 5.   Thir ty ye a r s  of p e r sis t e n t
labo r  a t  s m el ting  h ave  inc r e a s e d  t h e  q u a n ti ty ove r
a  t hou s a n dfold  a n d  r e d u c e d  t h e  cos t  u p w a r d  of fifty
p e r  c e n t .

All t h e s e  p roc e s s e s  involve  t h e  a p plica tion  of h e a t—a
m e r e  q u e s tion  of t h e  a p plianc e s .   The  elec t ric
c u r r e n t s  of Be rz elius  a n d  Oe r s t e d ,  t h e  c r ucible  of
Wohler, t h e  clos e d  fu rn a c e s  a n d  t h e  hyd ro g e n  g a s  of
t h e  F r e n c h  m a n ufac t u r e r s  a n d  t h e  Bess e m e r  conve r t e r
a p p a r a t u s  of Tho m p son,  all indica t e  on e  di r ec tion.  
This  m e t al  c a n  b e  m a d e  to  a b a n do n  it s  b e d  in t h e  e a r t h
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a n d  t h e  rock a t  t h e  will of m a n.   Du ring  t h e  p a s t
ye ar, t h e  M e s s r s .  Cowles ,  of Clevela n d,  by t h ei r  el ec t ric
s m el ting  p roc e s s,  claim  to  h ave  m a d e  it pos sible  to
r e d u c e  t h e  p ric e  of t h e  m e t al  to  b elow fou r  dolla r s
p e r  po u n d;  a n d  t h e r e  is no w  e r e c tin g  a t  Lockpor t ,  N e w
York, a  pl a n t  involving  on e  million  of c a pi t al  for
t h e  p u r pos e .

Tu r ning  fro m  t h e  e m ploy m e n t  of t h e  exp e n sive  r e d u cin g
a g e n t s  to  t h e  sim ple  a n d  sole  a p plic a tion  of h e a t ,
w e  a r e  u n willing  to  b elieve  t h a t  w e  do  no t  h e r e  poss es s
in e min e nc e  bo t h  t h e  min e r al  a n d  t h e  m e diu m  of it s
r e d u c tion.   Whe t h e r  t h e  el ec t ric  o r  t h e  r ev e r b e r a to ry
o r  t h e  conve r t e r  fu r n ac e  sys t e m  b e  e m ployed,  it  is
s u r ely possible  to  p ro d uc e  t h e  r e s ul t .

To e n t e r  in to  conside r a tion  of t h e  d e t ails  of t h e s e
con s t r u c tions  wo uld  involve  m o r e  tim e  t h a n  is p e r mi t t e d
u s  on  t his  occ asion.   They a r e  ve ry in t e r e s ting.  
We co m e  a g ain  n a t u r ally to  t h e  limitles s  conside r a tion
of pow d e r e d  fuel, conc e r nin g  w hich  ce r t ain  conclusions
h ave  b e e n  r e a c h e d.   In  t h e  di ssocia tion  of w a t e r
in to  its  hyd ro g e n  a n d  oxyg e n,  wi th  t h e  mi n gle d  c a r bo n
in a  po w d e r e d  s t a t e ,  w e  u n do u b t e dly poss es s  t h e  el e m e n t s
of co m b u s tion  t h a t  a r e  u n exc elled  on  e a r t h ,  a  h e a t-p ro d ucin g
co m bin a tion  t h a t  in bo t h  a c tivity a n d  po w e r  leaves
lit tle  to  b e  d e si r e d  t his  sid e  of t h e  p rod uc tion  of
t h e  el ec t ric  forc e  a n d  h e a t  di r e c tly fro m  t h e  c a r bo n
wi tho u t  t h e  in t e r m e dia ry  of boile r s ,  e n gin e s,  dyn a mos,
a n d  fu rn a c e s .
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In  t h e  ho p e  of s tim ula tin g  t hou g h t  to  t his  infini t e
q u e s tion  of p rop e r  fuel co m b u s tion,  wit h  it s  a t t e n d a n t
pos sibili ti e s  for  m a n’s  g r a tifica tion  a n d  a m bi tion,
t his  a dv a nc e d  s t e p  is p r e s e n t e d .   The  disc us sion
of p roc e s s e s  will r e q ui r e  a n  a m o u n t  of ti m e  w hich  I
ho p e  t his  Boa r d  will no t  g r u d gin gly d evo t e  to  t h e
s u bjec t,  b u t  w hich  is impos sible  a t  p r e s e n t .  
Do no t  forg e t  t h a t  t h e r e  is no  single  s po t  on  t h e  face
of t h e  glob e  w h e r e  n a t u r e  h a s  lavish e d  m o r e  fre ely
h e r  c hoices t  gift s.   Let  u s  b e  a c tive  in t h e  p u r s ui t
of t h e  t r e a s u r e  a n d  g r a t eful for  t h e  dis ting uish e d
con sid e r a tion.

*       *       *       *  
    *

THE ORIGIN OF METEORITES.

On Jan u a ry  9,  P rofesso r  Dew a r  d elive r e d  t h e  sixth
a n d  las t  of his  s e ri e s  of lec t u r e s  a t  t h e  Royal Ins ti t u tion
on  “The  S to ry of a  M e t eo ri t e .” [For  t h e
p r e c e ding  lec tu r e s ,  s e e  S UPPLEME NTS 5 2 9  a n d  5 8 0.] H e
s aid  t h a t  cos mic  d u s t  is foun d  on  Arc tic  s now s  a n d
u po n  t h e  bo t to m  of t h e  oc e a n;  all ove r  t h e  world,
in  fac t ,  a t  so m e  tim e  o r  o t h er, t h e r e  h a s  b e e n  a  la r g e
d e posi t  of t his  m e t eo ric  d u s t ,  con t aining  lit tle  r o u n d
no d ule s  foun d  also  in  m e t eo ri t e s.   In  Gre e nla n d
so m e  ti m e  a go  n u m b e r s  of w h a t  w e r e  s u p pos e d  to  b e
m e t eo ric  s ton e s  w e r e  foun d;  t h ey  con t ain e d  iron,  a n d
t his  iron,  on  b ein g  a n alyzed  a t  Cop e n h a g e n,  w a s  foun d
to  b e  rich  in nickel.  The  Es q ui m a ux onc e  m a d e
knives  fro m  iron  con t aining  nick el; a n d  a s  a ny s uc h
alloy t h ey m u s t  h ave  foun d  a n d  no t  m a n ufac t u r e d,  it
w a s  s u p pos e d  to  b e  of m e t eo ric  o rigin.   So m e  you n g
p hysicis t s  visi t e d  t h e  b a s al tic  coa s t  in Gr e e nla n d
fro m  w hich  so m e  of t h e  s u p pos e d  m e t eo ric  s to n e s  h a d
b e e n  b ro u g h t ,  a n d  in t h e  mid dle  of t h e  rock  la rg e  nod ules
w e r e  foun d  co m pos e d  of i ron  a n d  nickel; it, t h e r efo r e ,
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b ec a m e  evide n t  t h a t  t h e  e a r t h  mig h t  p ro d uc e  m a s s e s
no t  u nlike  s uc h  a s  co m e  to  u s  a s  m e t eo ri t e s .  
The  lec tu r e r  h e r e  exhibi t e d  a  s ec tion  of t h e  Gr e e nla n d
rock  con t aining  t h e  iron,  a n d  nickel alloy, mixe d
wi th  s to ny c rys t als , a n d  it s  r e s e m bla nc e  to  a  s e c tion
of a  m e t eo ri t e  w a s  obvious.   I t  w a s  2 1/2  ti m e s
d e n s e r  t h a n  w a t er, ye t  t h e  w hole  e a r t h  is 5 1/2  tim e s
d e n s e r  t h a n  w a t er, so  t h a t  if w e  could  go  d e e p  e no u g h,
it  is no t  imp ro b a ble  t h a t  ou r  ow n  glob e  mig h t  b e  foun d
to  con t ain  so m e t hing  like  m e t eo ric  iron.   H e  t h e n
c alle d  a t t e n tion  to  t h e  following  t a ble s: 

Ele m e n tary  S u b s ta nc e s  foun d  in M e t e ori t e s .

Hyd rog e n.         Ch ro miu m.         Arse nic.  
Lithiu m.         M a n g a n e s e .        Vanadiu m?  
Sodiu m.           I ron.             P hos p ho r u s .  
Pot a s siu m.        Nickel.          S ulp h ur. 
M a g n e siu m.        Cob al t .           Oxyge n.  
Calciu m.          Copp er.          Silicon. 
Alumin u m.         Tin.             Ca r bo n.  
Tit a niu m.         Antimony.        Chlo rine .

Densi ty  of  M e t eori t e s .

  Ca r bo n a c eo us  (Org u eil, e t c .)    
1 . 9  to  3
  Aluminous  (Java)                 3 . 0  
" 3 .2
  Pe rido t e s  (Ch as signy, e t c .)     
3 . 5   " —
  Ordin a ry  typ e  (Sain t  M e s)         3 .1  
" 3 .8
  Rich  in  iron  (Sie r r a  d e  Chuco)   6 .5  
" 7 .0
  I ron  wit h  s to n e  (Kras noya r sk)    7 . 1  
" 7 .8
  Tru e  irons  (Caille)              7 .0  
" 8 .0
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In t erior of  t h e  Ear t h
Pa r t s
of t h e
r a diu s.      De nsi ty.
0.0         1 1.0
0.1         1 0.3
0.2          9 .6
0.3          8 .9
0.4          8 .3
0.5          7 .8
0.6          7 .4
0.7          7 .1
0.8          6 .2
0.9          5 .0
1.0          2 .6

[Illus t r a tion]

Twice  a  ye ar, s aid  P rofesso r  De w ar, w h a t  a r e  c alled
“falling  s t a r s”  m ayb e  pl e n tifully s e e n;
t h e  tim e s  of t h ei r  a p p e a r a n c e  a r e  in Augus t  a n d  N ove m b er. 
Althou g h  t ho us a n d s  u po n  t hou s a n d s  of s uc h  s m all m e t eo r s
h ave  p a s s e d  t h ro u g h  ou r  a t m os p h e r e ,  t h e r e  is no  di s tinc t
r e co r d  of on e  h aving  ev e r  falle n  to  t h e  e a r t h  d u rin g
t h e s e  a n n u al  dis plays.   On e  w a s  s aid  to  h ave  fallen
r e c e n tly a t  N a ple s,  b u t  on  inves tiga tion  it  t u r n e d
ou t  to  b e  a  myt h.   Thes e  a n n u al  m e t eo r s  in t h e
u p p e r  ai r  a r e  s u p pos e d  to  b e  only s m all on e s,  a n d
to  b e  dis sip a t e d  in to  d us t  a n d  vapo r  a t  t h e  t im e  of
t h ei r  s u d d e n  h e a tin g;  so  n u m e ro u s  a r e  t h ey t h a t  4 0,0 0 0
h ave  b e e n  co u n t e d  in on e  eve ning,  a n d  a n  exc e p tion ally
g r e a t  di spl ay co m e s  a bo u t  onc e  in 3 3 1/4  yea r s.  
The  infe r e n c e  fro m  t h ei r  p e riodici ty is, t h a t  t h ey
a r e  s m all bodie s  m oving  ro u n d  t h e  s u n  in  o r bi ts  of
t h ei r  ow n,  a n d  t h a t  w h e n eve r  t h e  e a r t h  c ro ss e s  t h ei r
o r bi t s ,  t h e r e by g e t ting  in to  t h ei r  p a t h,  a  s ple n did
dis play of m e t eo r s  r e s ul t s.   A s econ d  dis play,
a  ye a r  la t er, u s u ally follows  t h e  exc e p tion ally g r e a t
dis play jus t  m e n tion e d,  cons e q u e n tly t h e  t r ain  of
m e t eo r s  is of g r e a t  leng t h.   So m e  of t h e s e  m e t eo r s
jus t  e n t e r  t h e  a t m os p h e r e  of t h e  e a r t h ,  t h e n  p a s s  ou t
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a g ain  for ever, wit h  t h ei r  di r ec tion  of m o tion  al t e r e d
by t h e  influe nc e  of t h e  a t t r a c tion  of t h e  e a r t h .  
H e  h e r e  c alled  a t t e n tion  to  t h e  a c co m p a nying  di a g r a m
of t h e  o r bi t s  of m e t e o r s .

The  lec tu r e r  n ext  invit e d  a t t e n tion  to  a  hollow glob e
of line n  o r  so m e  ligh t  m a t e ri al; i t w a s  a bo u t  2  ft.
o r  2  ft. 6  in. in dia m e t er, a n d  con t ain e d  hidd e n  wi thin
it  t h e  g r e a t  elec t ro-m a g n e t ,  w eighing  2  cw t.,  so  of te n
u s e d  by Fa r a d ay in his  exp e ri m e n t s.   H e  also  exhibi t e d
a  b all m a d e  p a r tly of t hin  i ron; t h e  glob e  r e p r e s e n t e d
t h e  e a r t h ,  for  t h e  p u r pos e s  of t h e  exp e ri m e n t ,  a n d
t h e  b all a  m e t eo ri t e  of so m e w h a t  la r g e  r el a tive  size.  
The  b all w a s  t h e n  disc h a r g e d  a t  t h e  glob e  fro m  a  lit tle
c a t a p ul t;  so m e ti m e s  t h e  glob e  a t t r a c t e d  t h e  b all to
its  s u rfac e,  a n d  h eld  it  t h e r e ,  so m e ti m e s  it mi ss e d
it, b u t  al t e r e d  it s  cu rve  of m o tion  t h ro u g h  t h e  air. 
So  w a s  it, s aid  t h e  lec t u r er, wit h  m e t eo ri t e s  w h e n
t h ey n e a r e d  t h e  e a r t h .   P ho tog r a p h s  fro m  d r a win gs,
by  P rofes so r  A. H e r s c h el, of t h e  p a t h s  of m e t eo r s
a s  s e e n  by nigh t  w e r e  p rojec t e d  on  t h e  sc r e e n;  t h ey
all s e e m e d  to  e m a n a t e  fro m  on e  r a di a n t  poin t ,  w hich,
s aid  t h e  lec t u r er, is a  p roof t h a t  t h ei r  m o tions  a r e
p a r allel to  e a c h  o t h e r;  t h e  p a r allel line s  s e e m  to
d r a w  to  a  poin t  a t  t h e  g r e a t e s t  dis t a nc e ,  for  t h e  s a m e
r e a son  t h a t  t h e  r ails  of a  s t r aig h t  line  of r ailw ay
s e e m  to  co m e  fro m  a  di s t a n t  c e n t r al  poin t .   The
m os t  in t e r e s ting  t hin g  a bo u t  t h e  p a t h  of a  co m p a ny
of m e t eo r s  is, t h a t  a  co m e t  is know n  to  m ove  in t h e
s a m e  o r bi t;  t h e  co m e t  h e a d s  t h e  p roc e s sion,  t h e  m e t eo r s
follow, a n d  t h ey a r e  t h e r efo r e,  in all p ro b a bili ty,
p a r t s  of co m e t s,  a l t hou g h  eve ry thing  a bo u t  t h e s e  difficul t
m a t t e r s  c a n no t  a s  ye t  b e  e n ti r ely explaine d;  e no u g h,
how ever, is know n  to  give  foun d a tion  for  t h e  a s s u m p tion
t h a t  m e t eo ri t e s  a n d  co m e t s  a r e  no t  ve ry dissimilar.
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The  ligh t  of a  m e t eo ri t e  is no t  s e e n  u n til it  e n t e r s
t h e  a t m os p h e r e  of t h e  e a r t h,  b u t  falling  m e t eo ri t e s
c a n  b e  va po rize d  by el ec t rici ty, a n d  t h e  ligh t  e mi t t e d
by t h ei r  cons ti t u e n t s  b e  t h e n  ex a min e d  wi th  t h e  s p e c t ro scop e.  
The  ligh t  of co m e t s  c a n  b e  di r e c tly ex a min e d,  a n d  it
r eve als  t h e  p r e s e nc e  in t hos e  bo die s  of so diu m,  c a r bo n,
a n d  a  few o th e r  w ell-know n  s u b s t a n c es .   H e  wo uld
p u t  a  pi ec e  of m e t eo ri t e  in t h e  el ec t ric  a r c  to  s e e
w h a t  ligh t  it wo uld  give; h e  h a d  n eve r  t ri e d  t h e  exp e ri m e n t
b efo r e.   The  ligh t s  of t h e  t h e a t e r  w e r e  t h e n  t u r n e d
dow n,  a n d  t h e  discou r s e  w a s  con tin u e d  in d a rk n e s s;
a m o n g  t h e  m o s t  p ro min e n t  line s  visible  in t h e  s p e c t r u m
of t h e  m e t eo ri t e,  P rofe sso r  De w a r  s p ecified  m a g n e siu m,
sodiu m,  a n d  lithiu m.  “Wh e r e  do  m e t eo ri t e s
co m e  fro m?” s aid  t h e  lec t u r er.  I t  mig h t
b e,  h e  con tinu e d,  t h a t  t h ey  w e r e  po r tions  of explod e d
pla n e t s,  o r  h a d  b e e n  ejec t e d  fro m  pla n e t s.   In
t his  r el a tion,  h e  s ho uld  like  to  explain  t h e  m o d e r n
ide a  of t h e  possible  m e t ho d  of cons t r u c tion  of ou r
ow n  e a r t h .   H e  t h e n  s e t  for t h  t h e  n e b ula r  hypo t h e sis
t h a t  a t  so m e  long  p a s t  tim e  ou r  s u n  a n d  all hi s  pl a n e t s
exis t e d  b u t  a s  a  volu m e  of g a s ,  w hich  in co n t r a c tin g
a n d  cooling  for m e d  a  ho t  volu m e  of ro t a ting  liquid,
a n d  t h a t  a s  t his  fu r t h e r  con t r a c t e d  a n d  cooled,  t h e
pla n e t s,  a n d  m oo ns,  a n d  pla n e t a ry  rin gs  fell off fro m
it a n d  g r a d u ally solidified,  t h e  s u n  b ein g  lef t  a s
t h e  solit a ry  co m p a r a tively u n cooled  po r tion  of t h e
o rigin al n e b ula.   In  p a r ti al illus t r a tion  of t his,
h e  c a us e d  a  li t tle  glob e  of oil, s u s p e n d e d  in a n  a q u e o us
liquid  of n e a rly it s  ow n  s p ecific g r avity, to  ro t a t e ,
a n d  a s  i t r o t a t e d  it  w a s  s e e n ,  by  m e a n s  of it s  m a g nified
im a g e  u po n  t h e  s c r e e n ,  to  t h ro w  off fro m  its  ou t e r
ci rc u mfe r e n c e  rin gs  a n d  li t tle  glob es .

*       *       *       *  
    *
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CANDELABRA CACTUS AND CALIFORNIA 
WOODPECKER.

By C.F.  HOLDER.

On e  of t h e  m o s t  pic t u r e s q u e  objec t s  t h a t  m e e t  t h e
eye  of t h e  t r avele r  ove r  t h e  g r e a t  pl ains  of t h e  sou t h e r n
po r tion  of Califo rnia  a n d  N e w  M exico is t h e  c a n d ela b r a
c a c t u s.   Sys t e m a tic ally it  b elon gs  to  t h e  Ce r e u s
fa mily, in w hich  t h e  no t a ble  Nig h t-bloo ming  Ce r e u s
al so  is n a t u r ally includ e d.   In  t ropical o r  s e mi-t ro pical
cou n t rie s  t h e s e  pl a n t s  t h rive,  a n d  g row  to  e no r m o u s
size.   For  ex a m ple,  t h e  Ce r e u s  t h a t  b e a r s  t hos e
g r e a t  flow e r s,  a n d  bloo m s  a t  nigh t ,  exh aling  pow e rful
p e rfu m e,  a s  w e  s e e  t h e m  in ho t ho us e s  in ou r  cold  clim a t e ,
a r e  eve n  in t h e  s e mi-t ropic al r e gion  of Key West,
on  t h e  Flo rid a  Re ef, s e e n  to  g row  e no r m o u sly in leng t h.

[Illus t r a tion:  THE CANDELABRA CACTUS—CEREUS
GIGANTEUS.]

We c ul tiva t e d  s eve r al  s p e ci e s  of t h e  m o r e  in t e r e s ting
for m s  d u rin g  a  r e side n c e  on  t h e  r e ef.  Ou r  b rick
ho us e,  t wo  s to ri e s  in  h eig h t ,  w a s  e n ti r ely cove r e d
on  a  b ro a d  g a ble  e n d,  t h e  b r a n c h e s  m o r e  t h a n  g aining
t h e  top.   The r e  is a  r e g ula r  m o n t hly g ro wt h,  a n d
t his  is indica t e d  by  a  join t  b e t w e e n  e a c h  t wo  len g t h s .  
S ho uld  t h e  s t alk b e  allow e d  to  g row  wi tho u t  s u p po r t ,
it  will con tinu e  g rowing  wi t ho u t  division,  a n d  exhibi t
s t alks  five o r  six fee t  in  leng t h,  w h e n  t h ey d roop,
a n d  fall u po n  t h e  g ro u n d.
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Whe r e  t h e r e  is a  conve nie n t  r e s ting  pl ac e  on  w hic h
it  c a n  s p r e a d  ou t  a n d  a t t ac h  its elf, t h e  s t alk t h row s
ou t  feele r s  a n d  roo tle t s ,  w hich  fas t e n  s e c u r ely to
t h e  w all o r  b rickwork; t h e n,  t his  b eing  a  no r m al  g ro wt h,
t h e r e  is a  s e p a r a t ion  a t  in t e rv als  of a bo u t  a  foot.  
Tha t  is, t h e  s t alk g row s  in on e  m o n t h  a bo u t  tw elve
inch es ,  a n d  if i t h a s  s u p po r t ,  t h e  mid dle  woody s t alk
con tinu e s  to  g ro w  a bo u t  a n  inch  fu r t h er, b u t  h a s  no
g r e e n,  s ucc ule n t  po r tion,  in fac t ,  looks  like  a  s t e m;
t h e n  t h e  o t h e r  m o n t hly g row t h  t ak e s  pl ac e,  a n d  e n d s
wi th  a  s t e m,  a n d  so  on  ind efini t ely.  Ou r  ho u s e
w a s  e n ti r ely cove r e d  by t h e  s t e m s  of s uc h  a  pl a n t ,
a n d  t h e  flowe r s  w e r e  go r g eo us  in t h e  ext r e m e.  
The  p e rfu m e,  how ever, w a s  so  po t e n t  t h a t  it b ec a m e
a  n uis a nc e.   S uc h  is t h e  Nigh t-bloo min g  Ce r e u s
in t h e  w a r m  clim a t e s ,  a n d  si mila rly t h e  Ca n d ela b r a
Ce r e u s  g row s  in s t alks,  b u t  a r c hi t ec t u r ally e r e c t ,
flu t e d  like  colu m n s.   The  flowe r s  a r e  la r g e ,  a n d
r e s e m ble  t hos e  of t h e  nigh t-bloo ming  va rie ty. 
So m e  colu m n s  r e m ain  sin gle,  a n d  a r e  a m azingly a r tificial
a p p e a ring;  o t h e r s  t h row  off s hoo t s,  a s  s e e n  in t h e
pic t u r e .   The r e  a r e  so m e  s m alle r  va ri e ti e s  t h a t
h ave  eve n  m o r e  of a  c a n d ela b r a  look, t h e r e  b ein g  clus t e r s
of sid e  s hoo t s,  t h e  la t t e r  p u t ti ng  ou t  fro m  t h e  t r u nk
r e g ul a rly, a n d  s t a n din g  u p  p a r allel to  e a c h  o t h er. 
The  e no r m o u s  size  t h e s e  a t t ain  is w ell s how n  in t h e
pic t u r e .

Whe n eve r  t h e  g r e a t  s t alks  of t h e s e  c ac ti di e,  t h e
s ucc ulen t  po r tion  is d rie d,  a n d  no t hing  is left  b u t
t h e  woody fiber.  They a r e  hollow in pl ac es ,  a n d
e a sily p e n e t r a t e d.   A s p e ci es  of woodp e ck er, M elan er p e s
for micivorus , is foun d  to  h av e  a do p t e d  t h e  u s e
of t h e s e  d ry s t alks  for  s to ring  t h e  win t e r’s
s tock of p rovisions.   The r e  a r e  s eve r al  r o u n d
a p e r t u r e s  s e e n  on  t h e  s t e m s  in t h e  pic t u r e s,  w hich
w e r e  p eck e d  by t his  bi r d.   This  s p e ci es  of wood p e ck e r
is a bo u t  t h e  size  of ou r  co m m o n  ro bin  o r  mig r a to ry
t h r u s h ,  a n d  h a s  a  bill s to u t  a n d  s h a r p.   The  holes
a r e  p eck e d  for  t h e  p u r pos e  of s to ring  a w ay a co r ns
o r  o th e r  n u t s ;  t h ey  a r e  jus t  la rg e  e no u g h  to  a d mi t
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t h e  frui t,  w hile  t h e  cu p  o r  la r g e r  e n d  r e m ains  ou t side .  
The  n u t s  a r e  force d  in, so  t h a t  it  r e q ui r e s  conside r a ble
w r e n c hing  to  di slodg e  t h e m.   In  m a ny  ins t a nc e s
t h e  n u t s  a r e  so  n u m e ro u s,  t h e  s t alk h a s  t h e  a p p e a r a n c e
of b ein g  s t u d d e d  wit h  b ulle t s .   This  a p p e a r a n c e
is m o r e  p ro no u nc e d  in c a s e s  w h e r e  t h e  d e a d  t r u nk  of
a n  oak  is u s e d.   The r e  a r e  so m e  s p e ci m e n s  of t h e
la t t e r  now  ow n e d  by t h e  Ame ric a n  M u s e u m  of N a t u r al
His to ry, w hich  w e r e  o rigin ally s e n t  to  t h e  Ce n t e n nial
Exhibi tion  a t  P hilad elp hia.   They w e r e  pl ac e d  in
t h e  d e p a r t m e n t  con t ribu t e d  by  t h e  Pacific R ail roa d
Co m p a ny, a n d  a t  t h a t  ti m e  w e r e  r e g a r d e d  a s  so m e  of
t h e  wo n d e r s  of t h a t  n e wly explo r e d  r e gion  t h ro u g h
w hich  t h e  r ail roa d  w a s  t h e n  p e n e t r a ting.   So m e
po r tions  of t h e  s u rfac e  of t h e s e  logs  a r e  n e a rly e n t i r ely
occ u pie d  by t h e  holes  wi th  a co r n s  in t h e m.   The
a co r n s  a r e  d rive n  in ve ry tigh tly in  t h e s e  ex a m ples;
m u c h  m o r e  so  t h a n  in  t h e  c a c t u s  pl a n t s ,  a s  t h e  oak
is n e a rly ro u n d,  a n d  t h e  holes  w e r e  p e ck e d  in solid
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t hou g h  d e a d  wood.   On e  of t h e  m o s t  r e m a rk a ble
ci rc u m s t a nc e s  con n e c t e d  wi t h  t his  h a bi t  of t h e  wood p e ck e r
is t h e  len g t h  of fligh t  r e q ui r e d  a n d  a cco m plish e d.  
At Mo u n t  Piza r ro,  w h e r e  s uc h  s to r e ho us e s  a r e  foun d,
t h e  n e a r e s t  oak  t r e e s  a r e  in t h e  Cor dille r a s ,  t hi r ty
miles  dis t a n t ;  t h u s  t h e  bi rd s  a r e  oblige d  to  m a k e  a
jou r n ey of sixty miles  to  a cco m plish  t h e  s to ring  of
on e  a co r n.   At fir s t  it  s e e m e d  s t r a n g e  t h a t  a
bi r d  s hould  s p e n d  so  m u c h  labo r  to  pl ac e  t hos e  bi t s
of food, a n d  so  fa r  a w ay.  De  S a u s s u r e,  a  S wiss
n a t u r alis t ,  p u blis h e d  in t h e  Biblio th e q u e  U nivers elle ,
of Ge n eva,  e n t e r t aining  a cco u n t s  of t h e  M exica n  Cola p t e s ,
a  va rie ty of t h e  fa milia r  “high  hold,”
o r  golde n  win g e d  wood p eck er.  They w e r e  s e e n  to
s to r e  a co r n s  in t h e  d e a d  s t alks  of t h e  m a g u ey (Agav e
A m e ricana ).  S u mich r a s t ,  w ho  a c co m p a nie d  hi m
to  Ce n t r al  Ame ric a,  r e co r d s  t h e  s a m e  fac t s .   Thes e
t r av ele r s  s a w  g r e a t  n u m b e r s  of t h e  wood p e ck e r s  in
a  r e gion  on  t h e  slop e  of a  r a n g e  of volca nic  m o u n t ain s.  
The r e  w a s  li t tl e  el s e  of veg e t a tion  t h a n  t h e  Agav e ,
w hos e  b a r r e n ,  d e a d  s t e m s  w e r e  s t u d d e d  wi th  a co r n s  plac e d
t h e r e  by  t h e  wood p eck e r s .

The  m a g u ey t h ro ws  u p  a  s t alk a bo u t  fift e e n  fee t  in
h eig h t  ye a rly, w hic h,  af t e r  flowe ring,  g ro w s  s t alky
a n d  b ri t tl e,  a n d  r e m ains  a n  u n sig h tly t hin g.  
The  in t e rio r  is pi t hy, b u t  af t e r  t h e  d e a t h  of t h e  s t alk
t h e  pi th  con t r a c t s ,  a n d  leaves  t h e  g r e a t e r  po r tion
of t h e  in t e rio r  hollow, a s  w e  h ave  s e e n  in t h e  c a s e
of t h e  c ac t u s  b r a n c h e s .   H o w  t h e  bi r d s  foun d  t h a t
t h e s e  s t alks  w e r e  hollow is a  p ro ble m  no t  ye t  solved,
b u t ,  n ev e r t h ele s s ,  t h ey t ak e  t h e  t ro u ble  to  p e ck  a w ay
a t  t h e  h a r d  b a rk,  a n d  onc e  p e n e t r a t e d,  t h ey  co m m e n c e
to  fill t h e  in t e rio r;  w h e n  on e  s p ac e  is full, t h e
bi r d  p e cks  a  li t tl e  high e r  u p ,  a n d  so  con tin u e s .

Dr. H e e r m a n,  of Califo rni a,  d e s c rib es  t h e  California
M elan er p es  a s  on e  of t h e  m o s t  a b u n d a n t  of t h e
wood p eck e r s ;  a n d  r e m a r ks  t h a t  i t c a t c h e s  ins ec t s  on
t h e  win g  like  a  flyca t c h er.  I t  is w ell d e t e r min e d
t h a t  it a lso  e a t s  t h e  a co r n s  t h a t  it t ak e s  so  m u c h
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p ains  to  t r a n s po r t .

[Illus t r a tion:  FLOWER OF CEREU S  GIGANTEUS.]

It  s e e m s  t h a t  t h e s e  bi r d s  also  s to r e  t h e  pine  t r e e s ,
a s  w ell a s  t h e  o aks.   I t  is no t  q ui t e  a p p a r e n t
w hy t h e s e  bi rd s  exhibi t  s uc h  va ri a tion  in h a bi t s;
t h ey  a t  ti m e s  s elec t  t h e  m o r e  solid  t r e e s,  w h e r e  t h e
s to rin g  c a n no t  go  on  wi t ho u t  e a c h  n u t  is s e p a r a t ely
s e t  in a  hole  of it s  ow n.   The r e  s e e m s  a n  ins tinc t
p ro m p tin g  t h e m  to  do  t hi s  wo rk,  t ho u g h  t h e r e  m ay  no t
b e  a ny of t h e  n u t s  touc h e d  a g ain  by  t h e  bi rd s.  
Cu riously e no u g h,  t h e r e  a r e  m a ny ins t a nc e s  of t h e
bi r d s  pl acing  p e b ble s  ins t e a d  of n u t s  in holes  t h ey
h ave  p u r pos ely p e ck e d  for  t h e m.   S e rious  t ro u ble
h a s  b e e n  exp e rie nc e d  by t h e s e  p e b ble s  s u d d e nly co min g
in con t ac t  wit h  t h e  s a w  of t h e  mill t h ro u g h  w hich
t h e  t r e e  is r u n nin g.   The  s ton e  h aving  b e e n  pl ac e d
in a  living  t r e e ,  a s  is of te n  t h e  c a s e,  it s  ex t e rio r
h a d  b e e n  los t  to  sigh t  d u ring  g row t h.

So m e  do u b t  h a s  b e e n  e n t e r t ain e d  a bo u t  t h e  p u r pos e
of t h e  bi rd  in s to rin g  t h e  n u t s  in t his  m a n n er. 
De  S a u s s u r e  t ells  u s  h e  h a s  wit n e s s e d  t h e  bi r d s  e a tin g
t h e  a co r n s  af t e r  t h ey h a d  b e e n  pl ac e d  in holes  in  t r e e s ,
a n d  exp r e s s e s  his  convic tion  t h a t  t h e  insignifica n t
g r u b  w hic h  is only s e e n  in a  s m all p ro po r tion  of n u t s
is no t  t h e  food  t h ey a r e  in s e a r c h  of.
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C.W.  Pla s s,  Es q., of N a p a  City, C aliforni a,  h a d
a n  in t e r e s ting  ex a m ple  of t h e  h a bi t s  of t h e  Califor ni a
M elan er p es  dis playe d  in  his  ow n  ho u s e.  
The  bi rd s  h a d  d e posi t e d  n u m b e r s  of a co r n s  in t h e  g a ble
e n d.   A conside r a ble  n u m b e r  of s h ells  w e r e  foun d
d ro p p e d  u n d e r n e a t h  t h e  e aves ,  w hile  so m e  w e r e  foun d
in pl ac e  u n d e r  t h e  g a ble,  a n d  t h e s e  w e r e  p e rfec t ,
h aving  no  g r u b s  in t h e m.

The  pic t u r e  s how s  a  ve ry co m mo n  sc e n e  in N e w  M exico. 
The  colu m n s,  s t r aig h t  a n d  a n g ular, a r e  oft e n  sixty
fee t  in h eig h t .   I t  is c alled  to rc h  c ac t u s  in
so m e  pl ac e s.   The r e  a r e  m a ny va rie ti e s,  a n d  a s
m a ny  diffe r e n t  s h a p e s.   So m e  lie  on  t h e  g ro u n d;
o th e r s ,  a t t a c h e d  to  t r u nks  of t r e e s  a s  p a r a si t e s,
h a n g  fro m  b r a nc h e s  like  g r e a t  s e r p e n t s;  b u t  no n e  is
so  m ajes tic  a s  t h e  s p e ci e s  c alled  sys t e m a tic ally Cer e us
gigan t e u s , m o s t  a p p ro p ria t ely.  The  s p ecie s
g rowing  p r e t ty  a b u n d a n tly on  t h e  islan d  of Key West
is c alled  c a n dle  c ac t u s .   I t  r e a c h e s  so m e  t e n  o r
t w elve  fee t ,  a n d  is a bo u t  t h r e e  inch e s  in  dia m e t er. 
The  a n gle s  a r e  no t  so  p ro min e n t ,  w hich  gives  t h e  cylind e r s
a  ro u n dis h  a p p e a r a n c e.   They for m  a  p r e t ty, r a t h e r
pic t u r e s q u e  fea t u r e  in t h e  o t h e r wis e  b a r r e n  u n d e r g ro wt h
of s h r u b b e ry a n d  s m all t r e e s .   Accom p a nie d  by
a  few flow e rin g  coco a  p al m s,  t h e  view is no t  u n ple asing.  
The  fibe r  of t h e s e  pl a n t s  is u tilized  in so m e  coa r s e
m a n ufac t u r e s.   The  m a g u ey, o r  Agave, is u s e d  in
t h e  m a n ufac t u r e  of fine  roping.   M a nila  h e m p  is
m a d e  fro m  a  s p eci es .   The  s p e cie s  w hos e  d ri ed
s t alks  a r e  u s e d  by t h e  wood p eck e r s  for  t h ei r  win t e r
s to r a g e  w a s  c ul tiva t e d  a t  Key West ,  Flo rid a,  d u ring
s eve r al  ye a r s  b efo r e  1 8 5 8.   Ext e nsive  fields  of
t h e  Agave  s tood  u n a p p ro p ri a t e d  a t  t h a t  p e riod.  
Conside r a ble  fun ds  w e r e  dis sip a t e d  on  t hi s  ven t u r e.  
Ext e nsive  works  w e r e  e s t a blish e d,  a n d  m u c h  confide nc e
w a s  e n t e r t ain e d  t h a t  t h e  sc h e m e  wo uld  p rove  a  p aying
on e,  b u t  t h e  “he m p” rop e  w hich  t hi s  w a s
in t e n d e d  to  rival could  b e  m a d e  c h e a p e r  t h a n  t his .  
The  g r e a t  Agave  pl a n t s,  wit h  t h ei r  long  s t alks,  s t a n d
now, inc r e a sin g  eve ry  ye ar, u n til a  po r tion  of t h e
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islan d  is ove r r u n  wit h  t h e m.

CEREUS GIGANTEUS.

This  won d e rful c a c t u s,  it s  coloss al p ro po r tions,  a n d
w ei r d,  ye t  g r a n d,  a p p e a r a n c e  in t h e  rocky r e gions
of M exico a n d  Californi a,  w h e r e  it is foun d  in a b u n d a nc e,
h ave  b e e n  m a d e  know n  to  u s  only t h ro u g h  books  of t r avel,
no  la r g e  pl a n t s  of it  h aving  a s  ye t  a p p e a r e d  in  c ul tiva tion
in t his  cou n t ry.  I t  is q u e s tion a ble  if eve r  t h e
n a t u r al  d e si r e  to  s e e  s uc h  a  veg e t a ble  c u riosi ty r e p r e s e n t e d
by a  la r g e  s p e ci m e n  in g a r d e n s  like  Kew c a n  b e  r e alize d,
owing  to  t h e  difficul ty of im po r tin g  la rg e  s t e m s  in
a  living  con di tion; a n d  eve n  if s ucc e ssfully b ro u g h t
h e r e ,  t h ey  s u rvive  only a  ve ry s ho r t  ti m e.   To
g row  you n g  pl a n t s  to  a  la rg e  size  s e e m s  e q u ally b eyon d
ou r  pow er, a s  pl a n t s  6  inc h e s  high  a n d  c a r efully m a n a g e d
a r e  q ui t e  t e n  yea r s  old.   Wh e n  youn g,  t h e  s t e m
is globos e,  af t e r w a r d  b eco min g  club-s h a p e d  o r  cylind ric al. 
I t  flowe r s  a t  t h e  h eigh t  of 1 2  fee t ,  b u t  g row s  u p
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to  fou r  o r  five  ti m e s  t h a t  h eigh t ,  w h e n  it d evelops
la t e r al  b r a nc h e s ,  w hich  c u rve  u p w a r d  a n d  p r e s e n t  t h e
a p p e a r a nc e  of a n  im m e n s e  c a n d ela b r u m,  t h e  b a s e  of
t h e  s t e m  b eing  a s  t hick a s  a  m a n’s  body. 
The  flow er, of w hic h  a  figu r e  is give n  h e r e ,  is a bo u t
5  inc h e s  long  a n d  wid e,  t h e  p e t als  c r e a m  colo r e d,
t h e  s e p al s  g r e e nish  w hi t e .   La r g e  clus t e r s  of
flow e r s  a r e  d evelop e d  tog e t h e r  n e a r  t h e  to p  of t h e
s t e m.   A richly colo r e d  e dible  frui t  like  a  la rg e
fig s ucc e e d s  e a c h  flow er, a n d  t his  is g a t h e r e d  by
t h e  n a tives  a n d  u s e d  a s  food  u n d e r  t h e  n a m e  of s a g u a r ro.  
A s p e ci m e n  of t his  c ac t u s  3  fee t  hig h  m ay b e  s e e n  in
t h e  s ucc ule n t  ho us e  a t  Kew.—B., T h e  Gard e n .

*       *       *       *  
    *

HOW PLANTS ARE REPRODUCED.

[Footno t e:   Re a d  a t  a  m e e tin g  of t h e  Ch e mis t s’
Assis t a n t s’ Associa tion.   Dec e m b e r  1 6,  1 8 8 5.]

By C.E.  STUART, B.Sc.

In  t wo  p r evious  p a p e r s  r e a d  b efo r e  t his  Associa tion
I h ave  t ri e d  to  con d e n s e  in to  a s  s m all a  s p ac e  a s
I could  t h e  p roc e ss e s  of t h e  n u t ri tion  a n d  of t h e
g row t h  of pl a n t s;  in t h e  p r e s e n t  p a p e r  I w a n t  to  s e t
b efo r e  you  t h e  b ro a d  lines  of t h e  m e t ho d s  by  w hic h
pla n t s  a r e  r e p ro d uc e d.

Althou g h  in t h e  g r e a t  t r e e s  of t h e  conife r s  a n d  t h e
dico tyledons  w e  h av e  a p p a r e n tly p rovision  for  g ro wt h
for  a ny n u m b e r  of ye a r s,  o r  eve n  c e n t u rie s,  ye t  a ccide n t
o r  d e c ay, o r  on e  of t h e  m a ny ills t h a t  pla n t s  a r e
h ei r s  to,  will soon e r  o r  la t e r  p u t  a n  e n d  to  t h e  life
of eve ry individu al  pl a n t .
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H e n c e  t h e  m os t  impor t a n t  a c t  of a  pl a n t—no t
for  i t s elf p e r h a p s ,  b u t  for  it s  r a c e—is
t h e  a c t  by  w hich  it, a s  w e  s ay, “r e p ro d uc e s  its elf,”
t h a t  is, t h e  a c t  w hich  r e s ul t s  in t h e  giving  of life
to  a  s e con d  individu al of t h e  s a m e  for m,  s t r u c t u r e ,
a n d  n a t u r e  a s  t h e  o rigin al pla n t .

The  m e t ho d s  by w hich  it is s ec u r e d  t h a t  t h e  s eco n d
g e n e r a tion  of t h e  pl a n t  s h all b e  a s  w ell o r  eve n  b e t t e r
fit t e d  for  t h e  s t r u g gle  of life t h a n  t h e  p a r e n t  g e n e r a tion
a r e  so  n u m e ro u s  a n d  co m plica t e d  t h a t  I c a n no t  in  t hi s
p a p e r  do  m o r e  t h a n  allud e  to  t h e m;  t h ey  a r e  m os t  co m ple t ely
s e e n  in c ros s  fe r tiliza tion,  a n d  t h e  a d a p t a t ion  of
pl a n t  s t r u c t u r e s  to  t h a t  e n d.

Wh a t  I w a n t  to  poin t  ou t  a t  p r e s e n t  a r e  t h e  p rinciple s
a n d  no t  so  m u c h  t h e  d e t ails  of r e p ro d u c tion,  a n d  I
wish  you  to  no tic e,  a s  I p roc e e d,  w h a t  is t r u e  no t
only of r e p ro d u c tion  in pl a n t s  b u t  also  of all p roc e s s e s
in n a t u r e ,  n a m ely, t h e  p a u ci ty of typical m e t hod s  of
a t t aining  t h e  give n  e n d,  a n d  t h e  m ul tiplici ty of s p e ci al
va ri a tion  fro m  t hos e  typical m e t ho ds.   Wh e n  w e
s e e  t h e  won d e rfully va ri ed  for m s  of pl a n t  life, a n d
ye t  le a r n  t h a t ,  so  to  s p e ak,  e a c h  e difice  is b uilt
wi th  t h e  s a m e  kind  of b rick,  c alled  a  c ell, m o dified
in for m  a n d  func tion;  w h e n  w e  s e e  t h e  s m alles t  a n d
si m ples t  e q u ally wi th  t h e  la rg e s t  a n d  m os t  co m plica t e d
pla n t  inc r e a sing  in size  s u bjec t  to  t h e  laws  of g row t h
by in t u ss u sc e p tion  a n d  c ell division,  w hich  a r e  u nive r s al
in  t h e  o rg a nic  wo rld; w e  s ho uld  no t  b e  s u r p ris e d  if
all t h e  m e t ho ds  by w hich  pl a n t s  a r e  r e p ro d uc e d  c a n
b e  r e d u c e d  to  a  ve ry s m all n u m b e r  of typ e s.
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The  firs t  g r e a t  g e n e r aliza tion  is in to—

1.   The  veg e t a tive  typ e  of r e p ro d uc tion,  in  w hich
on e  o r  m o r e  o r din a ry c ells  s e p a r a t e  fro m  t h e  p a r e n t
pl a n t  a n d  b e co m e  a n  ind e p e n d e n t  pl a n t;  a n d—

2.   The  s p e ci al-c ell typ e  of r e p ro d uc tion,  in
w hich  ei t h e r  on e  s p e cial cell r e p ro d uc e s  t h e  pl a n t ,
o r  t wo  s p eci al cells  by t h ei r  u nion  for m  t h e  o rigin
of t h e  n e w  pla n t;  t h e s e  t wo  m o difica tions  of t h e  p roc e s s
a r e  know n  r e s p e c tively a s  a s exu al a n d  s exu al.

The  t hi rd  m o difica tion  is a  co m bin a tion  of t h e  t wo
oth e r s ,  n a m ely, t h e  a s exu al s p e ci al c ell do e s  no t
di r e c tly r e p ro d uc e  it s  p a r e n t  for m,  b u t  gives  ris e
to  a  s t r u c t u r e  in  w hich  s exu al  s p ecial c ells  a r e  d evelope d,
fro m  w hos e  coale sc e nc e  s p rings  a g ain  t h e  like n e s s  of
t h e  o rigin al pl a n t .   This  is t e r m e d  al t e r n a tion
of g e n e r a t ions .

The  s exu al s p e ci al c ell is t e r m e d  t h e  s pore .

The  s exu al s p e ci al c ells  a r e  of on e  kind  o r  of t wo
kinds.

Thos e  w hich  a r e  of on e  kind  m ay  b e  t e r m e d,  fro m  t h ei r
h a bi t  of yoking  t h e m s elves  to g e t h er, z y goblas t s ,
o r  conjug a tin g  c ells.

Thos e  w hich  a r e  of t wo  kinds  a r e ,  fir s t ,  a  g e n e r ally
a g g r e s sive  a n d  m o tile  fe r tilizing  o r  so-c alled  “m ale
c ell,” c alled  in i t s  typical for m  a n  ant h erozoid ;
a n d,  s eco n d,  a  p a s sive  a n d  m o tionle s s  r e c e p tive  o r
so-c alled  “fe m ale  c ell,” c alled  a n  oos p h er e .

The  p ro d u c t  of t h e  u nion  of two  zygobla s t s  is t e r m e d
a  z y gos por e .

The  p ro d u c t  of t h e  u nion  of a n  a n t h e rozoid  a n d  a n
oos p h e r e  is t e r m e d  a n  oos pore .
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In  m a ny  c a s e s  t h e  diffe r e n tia tion  of t h e  s exu al  c ells
do es  no t  p roc e e d  so  fa r  a s  t h e  for m a tion  of a n t h e rozoids
o r  of dis tinc t  oos p h e r e s;  t h e s e  c a s e s  I s h all inves tig a t e
wi th  t h e  o t h e r s  in d e t ail p r e s e n tly.

Fi r s t ,  t h e n,  I will poin t  ou t  so m e  of t h e  m o d e s  of
veg e t a tive  r e p ro d uc tion.

The  co m m o n e s t  of t h e s e  is c ell division,  a s  s e e n  in
u nic ellula r  pl a n t s,  s uc h  a s  p ro tococc us,  w h e r e  t h e
on e  c ell w hich  co m pos e s  t h e  pl a n t  si m ply divides  in to
t wo, a n d  e a c h  n e wly for m e d  c ell is t h e n  a  co m ple t e
pla n t .

The  p a r ticul a r  kind  of c ell division  t e r m e d  “bu d ding”
h e r e  d e s e rves  m e n tion.   I t  is w ell s e e n  in t h e
ye as t-pl a n t ,  w h e r e  t h e  c ell b ulg e s  a t  on e  sid e,  a n d
t his  b ulg e  b eco m e s  la r g e r  u n til it is nipp e d  off fro m
t h e  p a r e n t  by con t r a c tion  a t  t h e  poin t  of junc tion,
a n d  is t h e n  a n  ind e p e n d e n t  pl a n t .

N ex t,  t h e r e  is t h e  p roc e s s  by  w hich  on e  pl a n t  b e co m e s
t wo  by t h e  dying  off of so m e  co n n ec tin g  po r tion  b e t w e e n
t wo g rowing  p a r t s .

Take,  for  ins t a nc e ,  t h e  c a s e  of t h e  live r wo r t s .  
In  t h e s e  t h e r e  is a  t h allus  w hich  s t a r t s  fro m  a  c e n t r al
poin t  a n d  con tinu ally divide s  in a  forke d  o r  dicho to mo us
m a n n er.  N ow, if t h e  ce n t r al  po r tion  di e s  a w ay,
it  is obvious  t h a t  t h e r e  will b e  a s  m a ny pl a n t s  a s
t h e r e  w e r e  forkings ,  a n d  t h e  fu r t h e r  t h e  dying  of
t h e  old  e n d  p roc e e d s,  t h e  m o r e  youn g  pla n t s  will t h e r e
b e.

Take  a g ain,  a m o n g  high e r  pla n t s ,  t h e  c a s e s  of s uck e r s,
r u n n e r s ,  s tolons,  offse t s ,  e t c .  H e r e ,  by
a  p roc e ss  of g ro wt h  b u t  li t tl e  r e m ove d  fro m  t h e  no r m al,
po r tions  of s t e m s  d evelop  a dve n ti tious  roo t s,  a n d  by
t h e  dying  a w ay of t h e  con n e c ting  links  m ay b e co m e
ind e p e n d e n t  pl a n t s.
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S till a no t h e r  veg e t a tive  m e t ho d  of r e p ro d uc tion  is
t h a t  by b ulbils  o r  g e m m a e.

A b ulbil is a  b u d  w hich  b e co m e s  a n  inde p e n d e n t  pl a n t
b efo r e  it  co m m e n c e s  to  elon g a t e;  it  is g e n e r ally fles hy,
so m e w h a t  af t e r  t h e  m a n n e r  of a  b ulb,  h e nc e  it s  n a m e.  
Exa m ples  occu r  in t h e  axilla ry b u d s  of Liliu m  b ulbif er u m ,
in  so m e  Alliu m s , e t c .

The  g e m m a  is foun d  m os t  fr e q u e n tly in  t h e  live r wo r t s
a n d  m os s e s ,  a n d  is highly c h a r a c t e ris tic  of t h e s e
pla n t s,  in w hich  ind e e d  ve g e t a tive  r e p ro d u c tion  m ayb e
s aid  to  r e a c h  it s  fulles t  a n d  m o s t  va ri ed  ext e n t .

Ge m m a e  a r e  h e r e  for m e d  in a  so r t  of fla t  c u p,  by division
of s u p e rficial c ells  of t h e  t h allus  o r  of t h e  s t e m,
a n d  t h ey consis t  w h e n  m a t u r e  of fla t t e n e d  m a s s e s  of
c ells, w hich  lie  loos e  in  t h e  c u p,  so  t h a t  wind  o r
w e t  will c a r ry  t h e m  a w ay on  to  soil o r  r ock, w h e n,
ei t h e r  by di r ec t  g row t h  fro m  a pic al c ells, a s  wi th
t hos e  of t h e  live r wo r t s ,  o r  wi th  p r evious  e mission
of t h r e a d-like  c ells  for min g  a  “p ro to n e m a,”
in t h e  c a s e  of t h e  m o s s e s ,  t h e  you n g  pl a n t  is p ro d uc e d
fro m  t h e m.

The  lich e n s  h ave  a  ve ry p e c ulia r  m e t ho d  of g e m m a tion.  
The  lich e n-t h allus  is co m pos e d  of ch ains  o r  g ro u ps
of ro u n d  c hlo rop hyl-con t aining  c ells, c alled  “gonidia,”
a n d  m a s s e s  of in t e r wove n  ro w s  of elong a t e d  c ells  w hich
con s ti t u t e  t h e  hyp h a e.   U n d e r  c e r t ain  con di tions
single  c ells  of t h e  go nidia  b e co m e  s u r ro u n d e d  wi t h
a  d e n s e  fel t  of hyp h a e,  t h e s e  a c c u m ula t e  in  n u m b e r s
b elow t h e  s u rf ac e  of t h e  t h allus,  u n til a t  las t  t h ey
b r e ak  ou t ,  a r e  blow n  or  w a s h e d  a w ay, a n d  s t a r t  g e r min a tion
by o r din a ry  c ell division,  a n d  t h u s  a t  onc e  r e p rod uc e
a  fre s h  liche n-t h allus.   Thes e  m a s s e s  of c ells
a r e  c alle d  so r e dia.

Artificial b u d ding  a n d  g r af ting  do  no t  e n t e r  in to
t h e  scop e  of t his  p a p er.
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As in t h e  g e n e r al  g row t h  a n d  t h e  veg e t a tive  r e p ro d uc tion
of pl a n t s  c ell-division  is t h e  c hief m e t ho d  of cell
for m a tion,  so  in t h e  r e p ro d uc tion  of pla n t s  by  s p ecial
c ells  t h e  g r e a t  fea t u r e  is t h e  p a r t  pl ayed  by c ells
w hich  a r e  p ro d uc e d  no t  by  t h e  o r din a ry m e t ho d  of c ell
division,  b u t  by  on e  o r  t h e  o th e r  p roc e s s e s  of c ell
for m a tion,  n a m ely, fr e e-cell for m a tion  o r  r ejuve n e sc e nc e.

If w e  b ro a d e n  so m e w h a t  t h e  d efini tion  of r ejuve n e s c e n c e
a n d  fre e-c ell for m a tion,  a n d  do  no t  c all t h e  m o t h e r-c ells
of s po r e s  of m o s s e s,  hig h e r  c ryp tog a m s,  a n d  al so  t h e
m ot h e r-c ells  of pollen-g r ains ,  r e p ro d uc tive  c ells,
w hich  s t ric tly s p e aking  t h ey a r e  no t ,  b u t  only p rod uc e r s
of t h e  s po r e s  o r  pollen-g r ain s,  t h e n  w e  m ay s ay  t h a t
c ell-division  is confin e d  to  v e g e ta tive  proce ss e s ,
rejuv e n e sc e nc e  and  fr e e-cell for m a tion  are  confine d
to  reprod uc tive  proc e ss e s .

Rejuve n e sc e nc e  m ay  b e  d efine d  a s  t h e  r e a r r a n g e m e n t
of t h e  w hole  of t h e  p ro topla s m  of a  c ell in to  a  n e w
c ell, w hich  b eco m e s  fre e  fro m  t h e  m o t h e r-c ell, a n d
m ay or  m ay  no t  s e c r e t e  a  c ell-w all a ro u n d  it.

If ins t e a d  of t h e  w hole  p ro topla s m  of t h e  c ell a r r a n ging
its elf in to  on e  m a s s ,  it  divide s  in to s eve r al, o r
if po r tions  only of t h e  p ro topla s m  b eco m e  m a rk e d  ou t
in to  n e w  cells, in e a c h  c a s e  a cco m p a nie d  by ro u n din g
off a n d  co n t r a c tion,  t h e  n e w  cells  r e m aining  fr e e  fro m
on e  a no t h er, a n d  u s u ally e a c h  s ec r e ting  a  c ell w all,
t h e n  t his  p roc e s s,  w hos e  r el a tion  to  r ejuve n e sc e nc e
is a p p a r e n t ,  is c alled  fre e-c ell for m a tion.
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The  only c a s e  of p u r ely veg e t a tive  c ell-for m a tion
w hich  t ak e s  pl ac e  by ei th e r  of t h e s e  p roc e s s e s  is
t h a t  of t h e  for m a tion  of e n dos p e r m  in S el a gin ella
a n d  p h a n e rog a m s,  w hich  is a  p roc e ss  of fr e e-cell for m a tion.

On  t h e  o t h e r  h a n d,  t h e  u nive r s al  con t r a c tion  a n d  ro u n din g
off of t h e  p ro topla s m,  a n d  t h e  for m a tion  by ei t h e r
r ejuve n e sc e nc e  o r  fr e e-c ell for m a tion,  di s tinc tly
m a r k  ou t  t h e  s p e ci al o r  t r u e  r e p ro d u c tive  c ell.

Exa m ples  of r e p ro d uc tive  c ells  for m e d  by r ejuve n es c e nc e
a r e :  

1 .   The  s w a r m  s po r es  of m a ny  alg a e,  a s  S tigeocloniu m
(figu r e d  in S ac hs’ “Bot a ny").  H e r e
t h e  con t e n t s  of t h e  cell con t r a c t ,  r e a r r a n g e  t h e m s elves,
a n d  b u r s t  t h e  side  of t h e  con t aining  w all, b e co min g
fre e  a s  a  r e p ro d uc tive  c ell.

2 .   The  zygobla s t s  of conjug a tin g  alg a e ,  a s  in
S pi rogy r a .   H e r e  t h e  con t e n t s  of a  c ell con t r a c t
a n d  r e a r r a n g e  t h e m s elves  only af t e r  con t a c t  of t h e
c ell wi t h  on e  of a no t h e r  fila m e n t  of t h e  pl a n t .  
This  zygobla s t  only b eco m e s  fre e  af t e r  t h e  p roc e ss
of conjug a tion,  a s  d e s c rib e d  b elow.

3.   The  oos p h e r e  of c h a r a c e a e ,  m os s e s  a n d  live rwor t s,
a n d  vasc ula r  c ryp tog a m s,  w h e r e  in s p e ci al s t r uc t u r e s
p ro d uc e d  by cell-divisions  t h e r e  a ri s e  single  p ri mo r dial
c ells, w hich  divide  in to  t wo  po r tions,  of w hic h  t h e
u p p e r  po r tion  di ssolves  o r  b e co m e s  m u cilaginous,  w hile
t h e  low e r  con t r a c t s  a n d  r e a r r a n g e s  it s elf to  for m
t h e  oosp h e r e .

4.   S po r es  of m os s e s  a n d  live r wo r t s ,  of vasc ula r
c ryp tog a m s,  a n d  polle n  c ells  of p h a n e ro g a m s,  w hich
a r e  t h e  a n alog u e  of t h e  s po r e s .

The  typ e  in all t h e s e  c a s e s  is t his:   A m o t h e r-c ell
p ro d uc e s  by cell-division  fou r  d a u g h t e r-c ells. 
This  is so  fa r  veg e t a tive.   E a c h  d a u g h t e r-cell
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con t r ac t s  a n d  b e co m e s  m o r e  o r  les s  ro u n d e d,  s ec r e t e s
a  w all of it s  ow n,  a n d  by t h e  b u r s tin g  o r  a b so r p tion
of t h e  w all of it s  m o t h e r-cell b e co m e s  fr e e.  
This  is evide n tly a  r ejuve n e s c e n c e.

Exa m ples  of r e p ro d uc tive  c ells  for m e d  by fr e e-c ell
for m a tion  a r e:  

1 .   The  a s cos po r e s  of fun gi a n d  alg a e .

2.   The  zoos po r e s  o r  m o bile  s po r e s  of m a ny  alg a e
a n d  fungi.

3 .   The  g e r min al vesicles  of p h a n e ro g a m s.

The  n ext  po r tion  of my  s u bjec t  is t h e  s t u dy of t h e
m e t ho ds  by w hich  t h e s e  s p e ci al c ells  r e p ro d uc e  t h e
pla n t .

1 s t .   Asexu al m e t ho ds.

1.   Rejuve n e sc e nc e  gives  ri se  to  a  s w a r m-s po r e
o r  zoos po r e .   The  w hole  of t h e  p ro topla s m  of a
c ell con t r a c t s ,  b e co m e s  ro u n d e d  a n d  r e a r r a n g e d,  a n d
e sc a p e s  in to t h e  w a t er, in w hich  t h e  pl a n t  floa t s  a s
a  m a s s  of p ro topla s m,  cle a r  a t  on e  e n d  a n d  p rovide d
wi th  cilia  by  w hich  it  is e n a ble d  to  m ove,  u n til af t e r
a  ti m e  it co m e s  to  r e s t ,  a n d  af t e r  s ec r e ting  a  w all
for m s  a  n e w  pl a n t  by  o rdin a ry  c ell-division.   Exa m ple: 
O e dogoniu m.

2.   F r e e-c ell for m a tion  for m s  sw a r m-s po r e s  w hich
b e h ave  a s  a bove.   Exa m ple:   Achlya.

3.   F r e e-c ell for m a tion  for m s  t h e  typical m o tionle ss
s po r e  of alg a e  a n d  fun gi.  For  ins t a n c e ,  in t h e
a s ci of liche ns  t h e r e  a r e  for m e d  fro m  a  po r tion  of
t h e  p ro topla s m  fou r  o r  m o r e  s m all a s cos po r e s ,  w hich
s ec r e t e  a  c ell-w all a n d  lie  loos e  in  t h e  a s c us .  
Occ asion ally t h e s e  s po r e s  m ay  consis t  of t wo  o r  m o r e
c ells.  They a r e  s e t  fr e e  by t h e  r u p t u r e  of t h e
a s c u s,  a n d  g e r min a t e  by  p u t tin g  ou t  t h ro u g h  t h ei r  w alls
on e  o r  m o r e  fila m e n t s  w hich  b r a nc h  a n d  for m  t h e  t h allus
of a  n e w  individu al.  Various  o th e r  s po r e s  for m e d
in t h e  s a m e  w ay a r e  know n  a s  t e tras por es , e t c .
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4.   Cell-division  wi th  r ejuve n e sc e n c e  for m s  t h e
s po r e s  of m o s s e s  a n d  high e r  c ryp tog a m s.

To t ak e  t h e  exa m ple  of m os s  s po r e s:  

Ce r t ain  c ells  in  t h e  s po ro goniu m  of a  m os s  a r e  c alled
m ot h e r-c ells.  The  p ro topla s m  of e a c h  on e  of t h e s e
b eco m e s  divide d  in to  fou r  p a r t s .   E ac h  of t h e s e
p a r t s  t h e n  s ec r e t e s  a  cell-w all a n d  b eco m e s  fre e  a s
a  s po r e  by  t h e  r u p t u r e  o r  a b so r p tion  of t h e  w all of
t h e  m o t h e r-c ell.  The  g e r min a tion  of t h e  s po r e s
I s h all d e s c rib e  la t er.

5 .   A p roc e ss  of b u d ding  w hich  in  t h e  ye a s t  pl a n t
a n d  in m o s s e s  is m e r ely veg e t a tively r e p ro d uc tive,
in  fungi b eco m e s  t r uly r e p ro d uc tive,  n a m ely, t h e  b u d s
a r e  s p eci al c ells  a rising  fro m  ot h e r  s p e ci al c ells
of t h e  hyp h a e.

For  ex a m ple,  t h e  so-c alle d  “gills” of
t h e  co m m o n  m u s h roo m  h ave  t h ei r  s u rf ac e  co m pos e d  of
t h e  e n d s  of t h e  t h r e a d s  of c ells  cons ti t u tin g  t h e
hyp h a e.   So m e  of t h e s e  t e r min al c ells  p u s h  ou t
a  li t tl e  fing e r  of p ro topla s m,  w hich  s w ells, t hicke n s
its  w all, a n d  b e co m e s  d e t a c h e d  fro m  t h e  m o t h e r-c ell
a s  a  s po r e ,  h e r e  c alled  s p e ci ally a  basidios por e .

Also in t h e  co m m o n  g r ay  m o uld  of infusions  a n d  p r e s e rv es,
Penicilliu m, by a  p roc e s s  w hich  is p e r h a p s  in t e r m e dia t e
b e t w e e n  b u d ding  a n d  c ell-division,  a  c ell a t  t h e  e n d
of a  hyp h a  cons t ric t s  it s elf in s eve r al  pl ac es ,  a n d
t h e  cons t ric t e d  po r tions  b e co m e  s e p a r a t e  a s  conidios por es .

Teleu to s por es,  ur e dos por es , e t c ., a r e
o th e r  n a m e s  for  s po r e s  si mila rly for m e d.

The s e  conidiospo r es  so m e ti m es  a t  onc e  d evelop  hyp h a e,
a n d  so m e ti m e s,  a s  in t h e  c a s e  of t h e  po t a to  fun g u s,
t h ey  t u r n  ou t  t h ei r  con t e n t s  a s  a  s w a r m-s po r e ,  w hich
a c tively m ove s  a bo u t  a n d  p e n e t r a t e s  t h e  po t a to  leaves
t h ro u g h  t h e  s to m a t a  b efor e  t h ey co m e  to  r e s t  a n d  elong a t e
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in to  t h e  hyp h al for m.

So  fa r  for  a s exu al  m e t ho d s  of r e p ro d uc tion.

I s h all now  conside r  t h e  s exu al  m e t hod s.

The  dis tinc tive  c h a r a c t e r  of t h e s e  m e t ho ds  is t h a t
t h e  c ell fro m  w hich  t h e  n e w  individu al is d e r ived
is inc a p a ble  of p ro d ucing  by division  o r  o t h e r wise
t h a t  n e w  individu al wi t ho u t  t h e  aid  of t h e  p ro topla s m
of a no t h e r  c ell.

Why t his  s ho uld  b e  w e  do  no t  know; all t h a t  w e  c a n
do  is to  g u e s s  t h a t  t h e r e  is so m e  p hysic al o r  c h e mic al
w a n t  w hich  is only s u p plie d  t h ro u g h  t h e  u nion  of t h e
t wo  p ro toplas mic  m a s s e s .   The  p roc e ss  is of b e n efit
to  t h e  s p ecie s  to  w hich  t h e  individu als  b elong,  sinc e
it  gives  it  a  g r e a t e r  vigo r  a n d  a d a p t a bili ty to  va rying
con di tions ,  for  t h e  s e p a r a t e  p e c ulia ri ti es  of t wo
individu als  d u e  to  clim a tic  o r  o t h e r  con di tions  a r e
in t h e  n e w  g e n e r a t ion  co m bin e d  in on e  individu al.

The  si m ple s t  of t h e  s exu al p roc es s e s  is conjug a tion.  
H e r e  t h e  t wo  co m bining  c ells  a r e  a p p a r e n tly of p r e cis ely
si mila r  n a t u r e  a n d  s t r u c t u r e.   I s ay a p p a r e n tly,
b ec a u s e  if t h ey a r e  r e ally alike  it is difficul t  to
s e e  w h a t  is g ain e d  by t h e  u nion.
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Conjug a tion  occu r s  in alg a e  a n d  fungi.  A typical
c a s e  is t h a t  of S pi rogy r a .   This  is a n  alg a  wi th
its  c ells  in long  fila m e n t s.   Two con tiguou s  c ells
of t wo  p a r allel fila m e n t s  p u s h  e a c h  a  li t tl e  p rojec tion
fro m  its  cell-w all tow a r d  t h e  o t h er.  Wh e n  t h e s e
m e e t ,  t h e  p ro to plas m  of e a c h  of t h e  t wo  c ells  con t r a c t s ,
a n d  a s s u m e s  a n  ellip tical for m—it u n d e r go e s
r ejuve n e sc e nc e.   N ex t  a n  op e ning  for ms  w h e r e  t h e
t wo  cells  a r e  in con t a c t,  a n d  t h e  con t e n t s  of on e
c ell p a s s  ove r  in to  t h e  o t h er, w h e r e  t h e  t wo  p ro toplas mic
bodie s  coale sc e ,  con t r a c t ,  a n d  d evelop  a  c ell-w all. 
The  zygos po r e  t h u s  for m e d  g e r min a t e s  af t e r  a  long  p e riod
a n d  for m s  a  n e w  fila m e n t  of c ells.

Anot h e r  ex a m ple  of conjug a tion  is t h a t  of Pa n do rin a ,
a n  alg a  allied  to  t h e  w ell-know n  volvox.  H e r e
t h e  conjug a tin g  c ells  s wi m  fre e  in w a t e r ;  t h ey h ave
no  c ell-w all, a n d  m ove  a c tively by cilia.   Two
ou t  of a  n u m b e r  a p p ro ac h,  coale sc e,  con t r a c t,  a n d
s ec r e t e  a  c ell-w all.  Afte r  a  long  p e riod  of r e s t ,
t his  zygos po r e  allows  t h e  w hole  of it s  con t e n t s  to
e sc a p e  a s  a  s w a r m-s po r e ,  w hich  af t e r  a  t im e  s e c r e t e s
a  g ela tinous  w all, a n d  by division  r e p ro d uc e s  t h e
sixt e e n-c elled  fa mily.

We now  co m e  to  fe r tiliza tion,  w h e r e  t h e  u ni ting  c ells
a r e  of t wo  kinds .

The  si m ple s t  c a s e  is t h a t  of Vauch e ri a,  a n  alg a.  
H e r e  t h e  veg e t a tive  fila m e n t  p u t s  ou t  t wo  p ro t u b e r a n c e s ,
w hich  b e co m e  s h u t  off fro m  t h e  bo dy of t h e  fila m e n t
by p a r t i tions.   The  p ro topla s m  in on e  of t h e s e
p ro t u b e r a n c e s  a r r a n g e s  it s elf in to  a  r o u n d  m a s s—t h e
oos p h e r e  o r  fem ale  c ell.  The  p ro topla s m  of t h e
o th e r  p ro t u b e r a nc e  divides  in to  m a ny  s m all m a s s e s ,
fu r nis h e d  wi th  cilia,  t h e  s p e r m a tozoids  o r  m al e  c ells. 
E a c h  p ro t u b e r a n c e  b u r s t s ,  a n d  so m e  of t h e  s p e r m a tozoids
co m e  in con t a c t  wi th  a n d  a r e  a b so r b e d  by t h e  oos p h e r e ,
w hich  t h e n  s ec r e t e s  a  c ell-w all, a n d  af t e r  a  t im e
g e r min a t e s .
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The  m o s t  a dva nc e d  typ e  of fe r tiliza tion  is t h a t  of
a n gios p e r m s.

In  t h e m  t h e r e  a r e  t h e s e  diffe r e nc es  fro m  t h e  a bove
p roc e s s:  t h e  con t e n t s  of t h e  m ale  c ell, r e p r e s e n t e d
by t h e  polle n,  a r e  no t  diffe r e n ti a t e d  in to  s p e r m a tozoids,
a n d  t h e r e  is no  a c t u al  con t a c t  b e t w e e n  t h e  con t e n t s
of t h e  pollen  t u b e  a n d  t h e  g e r min al  ve sicle, b u t  a cco r ding
to  S t r a s h u r g er, t h e r e  is a  t r a n sfe r e nc e  of t h e  s u bs t a nc e
of t h e  n ucle u s  of t h e  pollen  c ell to  t h a t  of t h e  g e r min al
vesicle  by  os mos e.   The  co al e sc e n c e  of t h e  t wo
n u clei wi thin  t h e  s u b s t a n c e  of t h e  g e r min al vesicle
c a u s e s  t h e  la t t e r  to  s ec r e t e  a  w all, a n d  to  for m  a
n e w  pla n t  by  division,  b ein g  no u ris h e d  t h e  w hile  by
t h e  m o t h e r  pla n t ,  fro m  w hos e  ti s s u es  t h e  youn g  e m b ryo
pla n t  con t aine d  in  t h e  s e e d  only b e co m e s  fre e  w h e n
it  is in a n  a dva nc e d  s t a g e  of diffe r e n ti a tion.

Pe r h a p s  t h e  m os t  r e m a rk a ble  c a s e s  of fe r tiliza tion
occ u r  in t h e  Flo rid e a e  o r  r e d  s e a w e e d s,  to  w hic h  cla s s
t h e  w ell-know n  Irish  m o ss  b elon gs.

H e r e ,  ins t e a d  of t h e  c ell w hich  is fe r tilized  by  t h e
ro u n d e d  s p e r m a tozoid  p ro d ucing  a  n e w  pla n t  t h ro u g h
t h e  m e diu m  of s po r e s ,  so m e  ot h e r  c ell w hich  is q ui t e
dis tinc t  fro m  t h e  p ri m a rily fe r tilize d  cell c a r ri e s
on  t h e  r e p ro d uc tive  p roc e s s.
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If t h e  allied  g ro u p  of t h e  Coleoc h a e t e a e  is conside r e d
tog e t h e r  wi th  t h e  Flo rid e a e,  w e  find  a  t r a n si tion
b e t w e e n  t h e  o r din a ry c a s e  of Coleoch a e t e  a n d  t h a t
of Dud r e s n ay a.   In  Coleoc h a e t e ,  t h e  m ale  c ell is
a  r o u n d  s p e r m a tozoid,  a n d  t h e  fe m ale  c ell a n  oos p h e r e
con t ain e d  in t h e  b a s e  of a  cell w hic h  is elon g a t e d
in to  a n  op e n  a n d  h ai r-like  t u b e  c alled  t h e  t r ichogyn e.  
The  s p e r m a tozoid  co ale sc e s  wi t h  t h e  oos p h e r e ,  w hich
s ec r e t e s  a  w all, b e co m e s  s u r ro u n d e d  wit h  a  cove rin g
of c ells  c alled  a  cys toc a r p ,  w hich  s p rings  fro m  c ells
b elow t h e  t richogyn e,  a n d  af t e r  t h e  w hole  s t r uc t u r e
falls  fro m  t h e  p a r e n t  pl a n t ,  s po r e s  a r e  d evelop e d  fro m
t h e  oospo r e ,  a n d  fro m  t h e m  a ri s e s  a  n e w  g e n e r a tion.

In  Dud r e s n ay a,  on  t h e  o t h e r  h a n d,  t h e  s p e r m a tozoid
co ale sc es  ind e e d  wi th  t h e  t r ic hogyn e,  b u t  t his  do es
no t  d evelop  fu r t h er.  F ro m  b elow t h e  t r icho gyn e,
how ever, s p rin g  s eve r al  b r a n c h e s ,  w hich  r u n  to  t h e
e n d s  of a dj ac e n t  b r a n c h e s ,  wi t h  t h e  a pic al c ells  of
w hich  t h ey  conjug a t e,  a n d  t h e  r e s ul t  of t his  conjug a tion
is t h e  d evelop m e n t  of a  cys toc a r p  simila r  to  t h a t
of Coleoc h a e t e .   The  r e m a rk a ble  poin t  h e r e  is t h e
w ay in w hich  t h e  effec t  of t h e  fe r tilizing  p roc e s s
is c a r rie d  fro m  on e  c ell to  a no t h e r  e n ti r ely di s tinc t
fro m  it.

Thus  I h ave  e n d e avo r e d  to  s u m  u p  t h e  p roc e s s e s  of
a s exu al a n d  of s exu al  r e p rod uc tion.   Bu t  i t is
a  p e c ulia r  c h a r a c t e ris tic  of m o s t  cl as s e s  of pla n t s
t h a t  t h e  cycle  of t h ei r  exis t e nc e  is no t  co m ple t e  u n til
bo t h  m e t hods  of r e p ro d uc tion  h ave  b e e n  c alled  in to
play, a n d  t h a t  t h e  s t r uc t u r e  p ro d uc e d  by on e  m e t hod
is e n ti r ely diffe r e n t  fro m  t h a t  p ro d u c e d  by t h e  o t h e r
m e t ho d.

Ind e e d,  it  is only in  so m e  alg a e  a n d  fungi t h a t  t h e
r e p ro d u c tive  c ells  of on e  g e n e r a tion  p ro d u c e  a  g e n e r a tion
si mila r  to  t h e  p a r e n t;  in  all o t h e r  pla n t s  a  g e n e r a tion
A p rod uc e s  a r e  u nlike  g e n e r a t ion  B, w hic h  m ay  ei th e r
go  on  to  p ro d uc e  a no t h e r  g e n e r a tion,  C, a n d  t h e n  b a ck
to  A, o r  it m ay  go  on  p ro d ucing  B’s u n til on e
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of t h e s e  r e p ro d uc e s  A, o r  a g ain  it m ay  di r ec tly r e p ro d u c e;
A. Thus  w e  h ave  t h e  t h r e e  typ es:  

1 .   A-B-C.--A-B-C.--A..................... e t c .
2 .   A-B-B.--B-B...................B--A ... e t c .
3 .   A B A B A............................. e t c .

The  firs t  c a s e  is no t  co m m o n,  t h e  u s u al  n u m b e r  of
g e n e r a tions  b ein g  t wo  only; b u t  a  typical ex a m ple
of t h e  occ u r r e n c e  of t h r e e  g e n e r a tions  is in s uc h
fungi a s  Puccinia Gra minis .  H e r e  t h e  fi r s t
g e n e r a tion  g row s  on  b a r b e r ry  leaves,  a n d  p rod uc es
a  kind  of s po r e  c alled  a n  aecidiu m  s pore . 
The s e  a e cidiu m  s po r es  g e r min a t e  only on  a  g r a s s  s t e m
or  leaf, a n d  a  dis tinc t  g e n e r a tion  is p ro d uc e d,  h aving
a  p a r ticula r  kind  of s po r e  c alled  a n  ur e dos pore . 
The  u r e dos po r e  for m s  fre s h  g e n e r a tions  of t h e  s a m e
kind  u n til t h e  clos e  of t h e  s u m m er, w h e n  t h e  t hi r d
g e n e r a tion  wi th  a no t h e r  kind  of s po r e ,  c alle d  a  t ele u tos por e ,
is p ro d u c e d.

The  t el e u to s po r e s  only g e r min a t e  on  b a r b e r ry  leaves,
a n d  t h e r e  r e p ro d uc e  t h e  o rigin al a e cidiu m  g e n e r a tion.

Thus  w e  h av e  t h e  s e rie s  A.B.B.B ...  BCA
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In  t his  ins t a n c e  all t h e  g e n e r a tions  a r e  a s exu al,
b u t  t h e  m os t  co m m o n  c as e  is for  t h e  s exu al a n d  t h e
a s exu al g e n e r a tions  to  al t e r n a t e .   I will d e sc rib e
a s  exa m ples  t h e  r e p ro d u c tion  of a  m os s ,  a  fe rn,  a n d
a  dico tyledon.

In  s uc h  a  typic al m o s s  a s  F u n a ri a ,  w e  h ave  t h e  following
cycle  of d evelop m e n t s:   The  s exu al  g e n e r a tion
is a  dioecious  leafy s t r u c t u r e ,  h aving  a  c e n t r al  elon g a t e d
axis,  wi th  leaves  a r r a n g e d  r e g ula rly a ro u n d  a n d  alon g
it.  At t h e  top  of t h e  axis  in t h e  m ale  pl a n t  r i s e
t h e  a n t h e ridia ,  s u r ro u n d e d  by a n  e nvelop e  of m o dified
leaves  c alled  t h e  p e rigo niu m.   The  a n t h e ridia
a r e  s t alke d  s ac s,  wit h  a  single  w all of c ells, a n d
t h e  s pi r al  a n t h e rozoids  a ri s e  by fre e-c ell for m a tion
fro m  t h e  c ells  of t h e  in t e rior.  They a r e  disc h a r g e d
by t h e  b u r s ting  of t h e  a n t h e ridiu m,  to g e t h e r  wi t h
a  m u cilag e  for m e d  of t h e  d e g r a d e d  w alls  of t h ei r  m o t h e r
c ells.

In  t h e  fem ale  pl a n t  t h e r e  a ri s e  a t  t h e  a p ex of t h e
s t e m,  s u r ro u n d e d  by a n  e nv elop e  of o rdin a ry  le aves,
s eve r al  a r c h e go nia.   Thes e  a r e  of t h e  o rdin a ry
typ e  of t hos e  o r g a n s,  n a m ely, a  b ro a d  low e r  po r tion,
con t aining  a  n a k e d  oos p h e r e  a n d  a  long  n a r ro w  n e ck
wi th  a  c e n t r al  c a n al le a ding  to  t h e  oosp h e r e .  
Dow n  t his  c a n al  p a s s  on e  o r  m o r e  a n t h e rozoids,  w hich
b eco m e  a b so r b e d  in to  t h e  oos p h e r e ,  a n d  t his  t h e n  s ec r e t e s
a  w all, a n d  fro m  it  g row s  t h e  s e con d  o r  a s exu al  g e n e r a tion.  
The  p e c ulia ri ty of t his  a s exu al  o r  s po r e-b e a rin g  pl a n t
is t h a t  it  is p a r a si tic  on  t h e  s exu al pl a n t;  t h e  two
g e n e r a tions,  a l t ho u g h  no t  o r g a nic ally con n e c t e d,  ye t
r e m ain  in clos e  con t a c t ,  a n d  t h e  s po r e-b e a rin g  g e n e r a t ion
is a t  a ll eve n t s  for  a  ti m e  no u ris h e d  by t h e  leafy
s exu al  g e n e r a tion.

The  s po r e-b e a rin g  g e n e r a tion  consis t s  of a  long  s t alk,
clos ely h eld  b elow by t h e  cells  of t h e  b a s e  of t h e
a r c h e go niu m; t his  s u p po r t s  a  b ro a d e n e d  po r tion  w hich
con t ain s  t h e  s po r e s,  a n d  t h e  top  is cove r e d  wi th  t h e
r e m ains  of t h e  n e ck  of t h e  a r c h e go niu m  for min g  t h e
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c alyp t r a .

The  s po r e s  a r is e  fro m  s p e ci al o r  m o t h e r-cells  by a
p roc e s s  of division,  o r  it  m ay  b e  eve n  t e r m e d  fr e e-c ell
for m a tion,  t h e  p ro topla s m  of e a c h  m o t h e r-c ell dividing
in to  fou r  p a r t s ,  e a c h  of w hich  con t r a c t s ,  s ec r e t e s
a  w all, a n d  t h u s  by  r ejuve n es c e nc e  b e co m e s  a  s po r e ,
a n d  by t h e  a b so r p tion  of t h e  m o t h e r-c ells  t h e  s po r e s
lie  loos e  in  t h e  s po r e  s ac.   The  s po r e s  a r e  s e t
fre e  by  t h e  b u r s ting  of t h ei r  c h a m b er, a n d  e a c h  g e r min a t e s ,
p u t ti ng  ou t  a  b r a n c h e d  t h r e a d  of c ells  c alled  a  p ro ton e m a,
w hich  m ay p e r h a p s  p rop e rly b e  t e r m e d  a  t hi rd  g e n e r a tion
in t h e  cycle  of t h e  pl a n t;  for  it  is only fro m  b u ds
d evelop e d  on  t his  p ro ton e m a  t h a t  t h e  le afy s exu al
pl a n t  a ri s e s.

The  ch a r ac t e ri s tics,  t h e n,  of t h e  m o s s e s  a r e ,  t h a t
t h e  s exu al g e n e r a tion  is le afy, t h e  on e  o r  two  a s exu al
g e n e r a tions  a r e  t h alloid,  a n d  t h a t  t h e  s po r e-b e a ring
g e n e r a tion  is in p a r a si tic  con n e c tion  wi th  t h e  s exu al
g e n e r a tion.

In  t h e  c a s e  of t h e  fe r n,  t h e s e  co n di tions  a r e  ve ry
diffe r e n t .

The  s exu al g e n e r a tion  is a  s m all g r e e n  t h alloid  s t r uc t u r e
c alle d  a  p ro t h alliu m,  w hic h  b e a r s  a n t h e ridia  a n d  a r c h e go nia,
e a c h  a r c h e go niu m  h aving  a  n e ck-c a n al  a n d  oos p h e r e ,
w hich  is fe r tilize d  jus t  a s  in t h e  m os s .
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But  t h e  a s exu al g e n e r a t ion  d e rived  fro m  t h e  oos po r e
only for  a  s ho r t  w hile  r e m ains  in  con n e c tion  wi th
t h e  p ro t h alliu m,  w hich,  of cou r s e ,  a n s w e r s  to  t h e
leafy po r tion  of t h e  m o s s.   Wh a t  is g e n e r ally know n
a s  t h e  fe rn  is t his  a s exu al g e n e r a tion,  a  g r e a t  con t r a s t
to  t h e  s m all le afles s  m o ss  frui t  o r  s po rogoniu m  a s
it  is c alled,  to  w hich  it is m o r p hologic ally e q uivale n t .  
On  t h e  leaves  of t his  g e n e r a tion  a r is e  t h e  s po r a n gi a
w hich  con t ain  t h e  s po r e s .   The  s po r e s  a r e  for m e d
in a  m a n n e r  ve ry simila r  to  t hos e  of t h e  m o ss es ,  a n d
a r e  s e t  fr e e  by  r u p t u r e  of t h e  s po r a n giu m.

The  s po r e  p ro d uc e s  t h e  s m all g r e e n  p ro t h alliu m  by
c ell-division  in  t h e  u s u al  w ay, a n d  t his  co m ple t e s
t h e  cycle  of fe r n  life.

The  al t e r n a tion  of g e n e r a tions ,  w hich  is p e r h a p s  m os t
cle a r  a n d  typical in t h e  c a s e  of t h e  fe r n,  b e co m e s
less  dis tinc tly m a rk e d  in t h e  pl a n t s  of high e r  o r g a niza tion
a n d  typ e.

Thus  in t h e  Rhizoca r p a e  t h e r e  a r e  t wo  kinds  of s po r e s,
m icros por es  a n d  m a cros pore s , p ro d ucing
p ro t h allia  w hic h  b e a r  r e s p ec tively a n t h e ridia  a n d
a r c h e go nia; in t h e  Lycopodiac e a e ,  t h e  t wo  kinds  of
s po r e s  p rod uc e  ve ry r u di m e n t a ry  p ro t h allia;  in  t h e
cyc a d s  a n d  conife r s,  t h e  mic ros po r e  o r  pollen  g r ain
only divides  onc e  o r  twice,  jus t  indica ting  a  p ro t h alliu m,
a n d  no  a n t h e ridia  o r  a n t h e rozoids  a r e  for m e d.  
The  m a c ros po r e  o r  e m b ryo-s ac  p ro d uc e s  a  p ro t h alliu m
c alle d  t h e  e n dos p e r m,  in w hich  a r c h e go nia  o r  co r p u sc ula
a r e  for m e d; a n d  las tly, in  typical dicotyledons  it
is only la t ely t h a t  a ny t r a c e  of a  p ro t h alliu m  fro m
t h e  mic ros po r e  o r  pollen  c ell h a s  b e e n  discove r e d ,
w hile  t h e  m a c ros po r e  o r  e m b ryo-s ac  p rod uc es  only t wo
or  t h r e e  p ro t h alliu m  c ells, know n  a s  a n tipod al c ells,
a n d  t wo  o r  t h r e e  oos p h e r e s ,  know n  a s  g e r min al vesicles.

This  d e s c rip tion  of t h e  a n alogie s  of t h e  pollen  a n d
e m b ryo-s a c  of dico tyledons  a s s u m e s  t h a t  t h e  g e n e r al
veg e t a tive  s t r uc t u r e  of t hi s  cl as s  of pl a n t s  is e q uivale n t
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to  t h e  a s exu al g e n e r a t ion  of t h e  high e r  c ryp tog a m s.  
In  d e sc ribing  t h ei r  cycle  of r e p ro d uc tion  I will e n d e avo r
to  s how  g ro u n d s  for  t his  a s s u m p tion.

We s t a r t  wi t h  t h e  e m b ryo a s  con t ain e d  in t h e  s e e d .  
This  e m b ryo is t h e  p ro d u c t  of fe r tiliza tion  of a  g e r min al
vesicle  by  a  polle n  t u b e .   H e n c e,  by  a n alogy wi th
t h e  p ro d uc t  of fe r tiliza tion  of r hizoca r p’s,
fe rn s,  a n d  m os s e s ,  it  s hould  d evelop  in to  a  s po r e
b e a rin g  pl a n t .   I t  do es  d evelop  in to  a  pla n t  in
w hich  on  c e r t ain  m o dified  leaves  a r e  p ro d uc e d  m a s s e s
of ti s s u e  in w hich  t wo  kinds  of s p eci al r e p ro d uc tive
c ells  a r e  for m e d.   This is p r e cis ely a n alogou s
to  t h e  c a s e  of gy m nos p e r m s,  lycopods,  e t c ., w h e r e
on  le af s t r uc t u r e s  a r e  for m e d  m a c ro  a n d  mic ro  s po r a n gia.

To d e al  fir s t  wi th  t h e  mic ros po r a n giu m  o r  pollen-s a c.  
The  pollen  c ells  a r e  for m e d  fro m  m o t h e r  c ells  by  a
p roc e s s  of c ell division  a n d  s u b s e q u e n t  s e t t ing  fre e
of t h e  d a u g h t e r  c ells  o r  pollen  c ells  by  r ejuve n e sc e nc e,
w hich  is di s tinc tly co m p a r a ble  wi th  t h a t  of t h e  for m a tion
of t h e  mic ros po r es  of Lycopodiac e a e ,  e t c . 
The  s u bs e q u e n t  b e h avio r  of t h e  pollen  c ell, its  division
a n d  it s  fe r tiliza tion  of t h e  g e r min al vesicle  o r  oos p h e r e ,
leave  no  do u b t  a s  to  it s  a n alogy wi th  t h e  mic ros po r e
of vasc ula r  c ryp tog a m s.
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S e con dly, t h e  n u cle us  of t h e  ovule  co r r e s po n d s  wit h
t h e  m a c ros po r a n giu m  of S ela gin ella,  t h ro u g h  t h e  con n e c ting
link of t h e  conife r s,  w h e r e  t h e  ovule  is of si mila r
o rigin  a n d  posi tion  to  t h e  m a c ros po r a n giu m  of t h e
Lycopodiac e a e .   But  t h e  for m a tion  of t h e  m a c ros po r e
o r  e m b ryo-s ac  is sim ple r  t h a n  t h e  co r r e s po n din g  p roc e s s
in c ryp tog a m s.   I t  a ri s e s  by a  sim ple  e nl a r g e m e n t
of on e  c ell of t h e  n u cle us  ins t e a d  of by t h e  division
of on e  c ell in to  four, e a c h  t h us  b eco ming  a  m a c ros po r e.  
At t h e  top  of t his  m a c ros po r e  o r  e m b ryo-s ac  t wo  o r
t h r e e  g e r min al vesicles  a r e  for m e d  by fre e  c ell for m a tion,
a n d  also  t wo  o r  t h r e e  c ells  c alled  a n tipod al c ells,
since  t h ey t r avel to  t h e  o t h e r  e n d  of t h e  e m b ryo-s ac;
t h e s e  la t t e r  r e p r e s e n t  a  r u di m e n t a ry  p ro t h alliu m.  
This  for m a tion  of g e r min al  vesicles  a n d  p ro t h alliu m
s e e m s  ve ry diffe r e n t  fro m  t h e  for m a tion  of a r c h e go nia
a n d  p ro t h alliu m  in S el a gin ella,  for  ins t a nc e;  b u t  t h e
link w hich  con n e c t s  t h e  t wo  is in t h e  gy m nos p e r m s,
w h e r e  dis tinc t  a r c h e go nia  in  a  p ro t h alliu m  a r e  for m e d.

Thus  w e  s e e  t h a t  t h e  flow e ring  pl a n t  is e s s e n ti ally
t h e  e q uivale n t  of t h e  a s exu al  fe r n,  a n d  of t h e  s po ro goniu m
of t h e  m o s s,  a n d  t h e  polle n  c ell a n d  t h e  e m b ryo-s ac
r e p r e s e n t  t h e  t wo  s po r e s  of t h e  high e r  c ryp tog a m s,
a n d  t h e  pollen  t u b e  a n d  t h e  g e r min al  vesicles  a n d  a n tipod al
c ells  a r e  all t h a t  r e m ain  of t h e  s exu al g e n e r a t ion,
s e e n  in t h e  m o s s  a s  a  leafy pla n t ,  a n d  in t h e  fe r n
a s  a  p ro t h alliu m.  Ind e e d,  w h e n  a  pl a n t  h a s  m o no e cious
o r  dioecious  flow e r s,  t h e  dis tinc tion  b e t w e e n  t h e  a s exu al
a n d  t h e  s exu al g e n e r a tion  h a s  p r a c tic ally b e e n  los t,
a n d  t h e  s po r e-b e a rin g  g e n e r a tion  h a s  b e co m e  ide n tified
wi th  t h e  s exu al g e n e r a tion.

H aving  now  d e sc ribe d  t h e  for m a tion  of t h e  pollen  a n d
t h e  g e r min al  ve sicles,  i t only r e m ains  to  s how  ho w
t h ey for m  t h e  e m b ryo.  The  pollen  c ell for m s  t wo
or  t h r e e  divisions,  w hich  a r e  ei t h e r  p e r m a n e n t  o r  soon
a b so r b e d;  t his,  a s  b efo r e  s t a t e d,  is t h e  r u di m e n t a ry
m al e  p ro t h alliu m.  The n  w h e n  it lie s  on  t h e  s tig m a
it d evelops  a  long  t u b e ,  w hich  p a s s e s  dow n  t h e  s tyle
a n d  t h rou g h  t h e  mic ro pyle  of t h e  ovule  to  t h e  g e r min al
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vesicle s,  on e  of w hich  is fe r tilize d  by w h a t  is p ro b a bly
a n  os mo tic  t r a n sfe r e nc e  of n u cle a r  m a t t er.  The
g e r min al  vesicle  no w  s ec r e t e s  a  w all, divide s  in to
t wo  p a r t s ,  a n d  w hile  t h e  r e s t  of t h e  e m byro-s ac  fills
wi th  e n dos p e r m  c ells, it  p ro d uc e s  by  c ell division
fro m  t h e  u p p e r  h alf a  s ho r t  ro w  of c ells  t e r m e d  a
s us p e n sor, a n d  fro m  t h e  lowe r  h alf a  m a s s  of cells
con s ti t u ting  t h e  e m b ryo.  Thus  w hile  in  t h e  m o s s
t h e  a s exu al g e n e r a tion  o r  s po ro goniu m  is no u ris h e d
by t h e  s exu al g e n e r a tion  o r  leafy pla n t ,  a n d  w hile
in t h e  fe r n  e a c h  g e n e r a tion  is a n  ind e p e n d e n t  s t r uc t u r e,
h e r e  in  t h e  dicotyle do n,  on  t h e  o t h e r  h a n d,  t h e  a s exu al
g e n e r a tion  o r  e m b ryo is a g ain  for  a  t im e  no u ris h e d
in t h e  in t e rio r  of t h e  e m b ryo-s ac  r e p r e s e n ting  t h e
s exu al  g e n e r a tion,  a n d  t his  a g ain  d e rives  it s  no u ri sh m e n t
fro m  t h e  p r evious  a s exu al  g e n e r a tion,  so  t h a t  a s  in
t h e  m o s s,  t h e r e  is a g ain  a  p a r t i al  p a r a si tis m  of on e
g e n e r a tion  on  t h e  o t h er.
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To s u m  u p  t h e  m e t hod s  of pl a n t  r e p ro d uc tion: 
They r e solve  t h e m s elves  in to  t wo  cla s s e s .

1 s t .   P u r ely veg e t a tive.

2 d.   Truly r e p ro d uc tive  by s p e ci al c ells.

In  t h e  s e con d  cla s s,  if w e  cou n t  conjug a tion  a s  a
si m ple  for m  of fe r tiliza tion,  t h e r e  a r e  only t wo  typ e s
of r e p ro d u c tive  m e t ho ds.

1 s t .   Rep ro d uc tion  fro m  a n  a s exu al s po r e .

2 d.   Rep ro d uc tion  fro m  a n  oos po r e  for m e d  by t h e
co m bin a tion  of t wo  s exu al  cells.

In  t h e  vas t  m ajori ty of pla n t  s p e ci es  t h e s e  t wo  typ e s
a r e  u s e d  by t h e  individu als  al t e r n a t ely.

The  ex t r ao r din a ry si mila ri ty of t h e  r e p ro d uc tive  p roc e ss ,
a s  s how n  in t h e  ex a m ples  I h ave  give n,  Achlya,  S pi rogyr a ,
a n d  Vauch e ri a  a m o n g  alg a e ,  t h e  m o ss ,  t h e  fe r n,  a n d
t h e  flow e ring  pl a n t ,  a  simila ri ty w hich  b e co m e s  t h e
m o r e  m a rk e d  t h e  m o r e  t h e  d e t ails  of e a c h  c a s e  a n d  of
t h e  c a s e s  of pl a n t s  w hich  for m  links  b e t w e e n  t h e s e
g r e a t  cl as s e s  a r e  s t u die d,  poin t s  to  a  co m m u ni ty of
o rigin  of all pl a n t s  in so m e  few o r  on e  p ri m ev al a n c e s tor. 
And to  t hi s  infe r e nc e  t h e  s t u dy of pl a n t  s t r uc t u r e
a n d  m o r p hology, tog e t h e r  wi th  t h e  evide nc e  of p al a eo bo t a ny
a m o n g  o th e r  ci rc u m s t a nc e s ,  len ds  confi r m a to ry evide nc e,
a n d  all m o d e r n  di scove ri e s,  a s  for  ins t a nc e  t h a t  of
t h e  r u di m e n t a ry  p ro t h alliu m  for m e d  by t h e  pollen  of
a n gios p e r m s,  t e n d  to  t h e  s moot hing  of t h e  p a t h  by w hich
t h e  d e s c e n t  of t h e  high e r  pl a n t s  fro m  si m ple r  typ es
will, a s  I t hink,  b e  eve n t u ally s ho w n.

*       *       *       *  
    *

A c a t alogu e,  con t aining  b rief no tice s  of m a ny impor t a n t
scie n tific p a p e r s  h e r e tofo r e  p u blish e d  in t h e  S UPPLEME NT,
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m ay b e  h a d  g r a ti s  a t  t his  office.

*       *       *       *  
    *
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TERMS OF S UBSCRIPTION, $ 5  A YEAR.

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

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

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

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

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

M U N N  & CO., PUBLIS HERS,

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

*       *       *       *  
    *

PATENTS.

135



In  con n e c tion  wi th  t h e  SCIE NTIFIC AMERICAN, M e s s r s .
M U N N  & Co. a r e  Solici to r s  of Ame rica n  a n d  For eign
Pa t e n t s ,  h ave  h a d  4 2  ye a r s’ exp e ri e nc e,  a n d
now  h ave  t h e  la rg e s t  e s t a blish m e n t  in t h e  wo rld.  
Pa t e n t s  a r e  ob t ain e d  on  t h e  b e s t  t e r m s .
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A s p e cial no tice  is m a d e  in  t h e  SCIE NTIFIC AMERICAN
of all Inve n tions  p a t e n t e d  t h ro u g h  t his  Agency, wi th
t h e  n a m e  a n d  r e sid e nc e  of t h e  Pa t e n t e e .   By t h e
im m e n s e  ci rc ul a tion  t h us  give n,  p u blic  a t t e n tion  is
di r e c t e d  to  t h e  m e ri t s  of t h e  n e w  p a t e n t ,  a n d  s ale s
o r  int rod uc tion  of t e n  e a sily effec t e d.

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

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

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

Bra nc h  Office,  6 2 2  a n d  6 2 4  F  S t .,  Washing to n,  D.C.       
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FeO.            | 1 2.60 |  7 .3 9 |  1 .17 | 4 6.98 | 1 8 .59 |  4 . 03 |  0 .8 4 | 2 9.4 5 |  2 .69 |  1 .12
Fe_{2 }O_{3 }      | 4 7.9 9 | 5 3.3 3 | 5 9.37 | 1 8.26 | 4 3 .12 | 5 7 .90 | 5 6.39 | 3
0.28 | 5 5.24 | 5 4.4 2
------------------+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----+ - ----
+ - ----+ - ----+ - ----+
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