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EFFECTS OF HEAT ON IRON.

AT a recent meeting of the Physical Society, London,
the following paper was read :

¢ The Permanent and Temporary Effects on some of
the Physical Properties of Iron, produced by raising
the Temperature to 100° C.” By Mr. Herbert Tom-
linson, B.A.

'The paper 1s divided into three sections: 1st. Internal
Friction of Iron. 2d. The Longitudinal and Tor-
sional Elasticities of Iron. And 3d. The Velocity of
Sound in Iron.

In his experiments on the internal friction of metals,
the author uses a vertically suspended wire, rigidly
clamped at its upper extremity, and having its lower
end secured to a horizontal bar of metal, attached to
which are two eylinders of equal mass and dimensions,
placed at equal distances fromm the wire., When the

and also show that time and temperature have great
effect on the internal friction. By repeatedly heating
to 100° C. and slowly cooling an annealed wire for six
days, the logarithmic deerement due to internal friction
was reduced to about one-eighth its original amount,
at the same temperature, and when the wire was
m;&ntained at 98° C., the decrement was reduced to
1-30.

The author considers the permanent diminution pro-
duced by heating and cooling to be mainly due to the
slow shifting backward and forward of the molecules,
induced by that process.

In the second part of the paper, it is shown that the
effects of change of temperature on the longitudinal
and torsional elasticities of iron and steel are not
nearly so great as that produced on the internal
friction. Thus, by heating annealed iron wire, its
longitudinal and torsional elasticities are slightly
decreased, but on cooling there is a permanent increase
in both. Time is also an important element, for a long
restafter cooling stiil further increases both elasticities.
From the above results it is evident that the velocity
of sound in iron and steel must diméinish with rise of
temperature. This was experimentally proved before
the meeting. Attention was particularly directed to
this fact because most of the best text-books make the
opposite and erroneous statement.

PAPER CALENDERING AND CUTTING.

THE annexed illustrations represent two fine ex-
amples of paper calendering and cutting machinery,
constructeti) by Messrs. George and William Bertram,
of St. Katherine’s Works, Edinburgh. Figs. 1,2, and 3
show a, web calender with eight rolls. The paper from
the giving-off reel is passed over the top roll, and then
between the various rolls below, until it leaves at the
bottom joint, and passes to the winding-up reel. There
are four cotton rolls, 7934 in. on the face, and 14 in. in
diametler, and four chilled rolls, 8014 in. on the face,
and respectively 20 in., 10 in., 10 in., and 16 in. in diam-
eter. The rolls are arranged in the following order:
That at the top is of chilled iron, and is 16 in. in diam-
eter, with journals 7 in. in diameter by 814 in. long.
The second is 16 in. in diameter and covered with cot-
ton. The third is 10 in. in diameter, chilled, and bored
to receive steam to heat it. The fourth is covered with
cotton, as is also the fifth. The sixth is chilled, 10 in.
in diameter. The seventh is covered with cotton, and

system is set in torsional oscillation, the amplitude
gradually diminishes, due to the internal friction of the
metal and the friction of the air. The combined effect
is measured by the logarithmic decrement of the osecil-
lations, and the air effect eliminated by Prof. Stokes’
formulz and the author’s experimental determination
of the viscosity of air. When the deformations are
sufficiently small, the experiments prove that the loga-
rithmic deerement of air;is independent of the ampli-
tude and period of vibration. These results are only
true when the wire has been allowed to rest a consider-
able time after any change has been made in the
arrangement, and when there have been a large
number of oscillations executed previous to the actual
testing. )

Reference is made to some experiments by Prof. G.
Wiedemann, which show that when a wire is subjected
to} torsional stress, it does not recover itself when the
stress is gradually reduced to zero, but remains per-
manently twisted through a small angle (say6). By
reversing the twisting couple, there is a permanent set
on the other side of the initial position. If the opera-
tions be repeated, 6 diminishes and attains a minimum.
The period during which this diminution takes place is
ca]leg the ‘‘accommodation period.”

When a wire isin torsional vibration, the position of
equilibrium is continually shifting to and fro, through
twice the above minimum angle, and Wiedemann con-
siders the loss of energy to be due to this shifting.
The author’s experiments verify Wiedemann’s results,

45 deg. from seven rolls at one time, and into four
widths. The paper from the seven rolls is brought
through a pair of leading-in rolls and through a pair of
cast iron drawing-in rolls, of which the upper is 9 in. in
diameter and the lower 10 in. in diameter. In front of
the leading-in rolls are two spindles 414 in. in diameter,
carrying five pairs of circular slitting knives, 6 in. and
734 in. in diameter, to cut the paper longitudinally.
Next come two small nipping rolls to hold the paper
while being cut, and in front of these are the dead and
crosscut knives. There is one dead knife fixed to an
adjustable frame, and on this frame the revolving drum
is carried. Two knives are fixed to the drum, which is
driven by an upright shaft and bevel wheels from a
shaft under the cutter, and the shaft, in turn, is driven
from the expanding pulley shaft by change wheels.
The dead knife frame and revolving drum are carried
in a circular frame planed on the top, and having a
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the eighth is chilled and 20 in. in diameter. Its bear-
ings measure 10 in. by 10 in., while the bearings of all
the intermediate rolls are 6 in. by 84 in. At the ingo-

 ing side of each pair of rolls there are safety bars, 114

in. in diamater. At the Edinburgh Exhibition, where
this machine was shown, these bars prevented a serious
accident, for the attendant’s hand was caught, and
would have been drawn into the rolls if the safety bar
had not been there. Power gear is provided to lift the
reel of paperinto position. This gear consists of guide
bars, 314 in. by 2 in., with 134 in. double threaded
screws. These screws are driven (Fig. 2) by bevel
wheels and a countershaft provided with fast and loose
pulleys. The motion of the reel is regulated by a fric-
| tion brake pulley, 15 in. in diameter by 38 in. broad,
tightened by a right and left handed serew. The wind-
ing-up reel is driven by a slipping motion with frie-
| tion plates 14 in. in diameter.

The pressure in the rollsis produced by weights hung
from compound levers, constructed on the double plate
| system. These levers and weights will give a pressure
| up to 50 tons. The top roll can be lifted by two 214 in.
square-threaded screws, fitted with 36 in. hand wheels
having wrought iron handles in the rims. The calen-
der can be driven from any convenientsource of power,
but the one shown in the engravings has an independ-
ent engine with cylinders 10 in. in diameter by 16 in.
stroke.

Fig. 4 shows a revolving knife cutting machine.

This will cut paper from the square up to an angle of
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IMPROVED PAPER CALENDERING AND CUTTING MACHINE.

suitable radius from the center of the upright shaft, so
that the paper coming forward to the knives may be
cut into sheets having any angle up to 45 deg.

T'o alter the speed to cut different lengths of sheets
an expanding pulley is provided, so that minute ad-
justments may be made. The machine will cut sheets
from 1934 in. to 98 in. long, the larger variations of
length being obtained by the use of change pulleys,
which are fixed, as required, on the spindle of one of
the drawing-in rolls. The cut sheets are caught on a
traveling felt and delivered at the end of the machine.
—Engineering.

STUDIES IN PYROTECHNY.

THE ancients knew how to correspond by means of
pyrotechnical signals. During the day they lighted
great fires, whose smoke could be seen from a distance,
and at night it was the flames of these burning piles of
wood that served as a signal. This telegraphic fire
was called mvpeos;and the art of signaling wvpceia.
The Cestes of Heron form a complete treatise on this
art, entitled wepz wvp6ewy. The armies of antiquity
did not always burn faggots or brushwood (zvpGor
‘avdwrew), but also used torches or firebrands (@pvxror
ToAELOL).

How did the ancients vary these flres so as to form
an alphabet that allowed them to correspond ? Simply
by varying the number of times at which they lighted
them. Modern pyrotechnists use fireworks,
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A signal rocket (Fig. 1) consists essentially of a car-
tridge, pot, and stick. The cartridge, @, consists of a
cardhoard cylinder charged with a ¢omposition whose
combustion must give the signal the impulsion neces-
sary to make it start. The pot, b, is another cardboard
cylinder filled with the materials that are to form the
signal. This pot is capped with a cone, d, for diminish-
ing the resistance of trl)le air. The stick, c, fixed along
the cartridge, directs the rocket in space.

It is easy to explain the operation of the apparatus.
Internally, the cartridge has the form of a very elo:ig-
ated cone. It isin this long conical cavity that coth-
bustion takes place (Fig. 2). The gases that are formed
make their exit from the bottom, but, at thegsame time,
exert an upward pressure that bringsabout the rocket’s
ascent. At the end of the combustion, the compogition
lights a small charge of powder, which both expels and
lights the fireworks contained in the pot.

The cartridge composition consists of 64 parts of
saltpeter, 12 of sulphur, and 24 of hardwood c¢harcoal
Mr. Ruggieri varies the proportions thus: 16 parts of
saltpeter, 4 of sulphur, and from 4 to 8 of softwood
charcoal.

In any case, the charcoal should not, be used in the
form of powder, but in that of grains ot various sizes.
The effect of using charcoal in this form is to produce
that long train of fire which everybody has observed
on the ascent of a rocket.

The amount of composition used must be calculated
in such a way that the rocket shall not expel its con-
tents until it has reached the end ot its travel. Prim-
ing is effected by means of a quick-mateh inserted in
the bottom of the cartridges.

The contents of the pot are arranged thus: The
primer beneath ; the serpents standing in one row;
the petards and the detonating stars and crackers in
two layers, separated by pieces of quick-match.

It is well to enter here into some detail concerning
these fireworks, the most commonly used of which are
stars, golden rain, serpents, crackers, saucissons, flames,
and parachutes.

STARS.

White Stars are made of a composition formed of
32 parts of saltpeter, 16 of sulphur, 14 of priming pow-
der, and 38 of antimmony. These materials, after being
first powdered and sifted, are moistened with a liquid
composed of 1,000 parts of pure water, 1,000 of brandy,
and 160 of gum arabie. The paste thus obtained serves
for making cubical or moulded stars. The cubical
stars are made, like brick, by means of a wooden
frame and” a roller. The moulded ones are formed
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DETAILS OF FIREWORKS.

in a mould (Fig. 3). Thesefireworksare primed with a
piece of quick-match placed in a channel formed in
the axis. They are dusted with priming powder on
every side (Fig. 4).

Another recipe for white stars is the following: 72
parts, by weight, of saltpeter, 25 of sulphuret of anti-
mony, and 3 of tallow.

Azure White.—Take 75 parts of saltpeter, 25 of sul-
phur, and 48 of regulus of antimony.

Green.—Mix 60 parts of chlorate of potash, 120 of
nitrate of baryta, and 39 of protochloride of mercury.

Bright Yellow.—Take 48 parts of chlorate of potash,
12 of oxalate of soda, 24 of sulphide of copper, and 12
of gum lac.

Ordinary Yellow.—Take 12 parts of chlorate of pot-
ash, 8 of oxalate of soda, and 8 of gum lac.

LAMARRE STARS.

The Lamarre star has the form of a plano-convex
lens 124 in. in diameter and 14 in. in thickness. It is
made in a bronze mould (Fig. 5). The composition is
compressed in the bottom of the mould, and a hole is
afterward punched in it by the rod, a b, for the inser-
tion of the quick-match.

White—Take by weight 37398 parts of chlorate of
potash, 37398 of nitrate of baryta, 162'6 of priming
powder, and 89°44 of boiled oil.*

Red.—Take 564°55 parts of chlorate of potash, 941 of
carbonate of strontia, 15°05 of lightwood charcoal, 7527
of boiled oil, 150 54 of priming powder, 4'51 of guin lac,
and 1'88 of oil.

DETONATING STARS.

These consist of cartridges containing about 36 grains
of rifle powder, above which has been rammed down

* Obtained by boiling linseed oil in a pot until the liquid takes fire in
contact with a body in flames. It is allowed to burn for 8 or 10 minutes,
and then the fire is smothered by putting the cover on the pot. The oil is
allowed to thoroughly cool before the cover is removed,

some star paste. This latter, in ceasing to burn, sets |
fire to the powder (Fig. 6).

GOLDEN RAIN.

This is formed of small cubes cut out of a composi-
tion made of 5 parts of priming powder, 1 of saltpeter,
1 of sulphur, 1 of oxide of zine, 1 of gum arabic, and 1
of German black. This mixture is moistened with a
brandy containing 128 grains of gum arabic to the
pint, so as to obtain a paste havingnearly the consis
tency of glazier’s putty.

SERPENTS.

These consist of small cartridges charged with 15
grains of powder, and above this a composition formed
of 6 parts of priming powder and 14 part of sifted and
slightly moist charcoal.

CRACKERS.

These consist of cartridges similar to those of the de-
tonating stars. These cartridges are filled with com-
pressed rifle powder, and are primed with a quick-
match. Marrons are simply cubes of cardboard tilled
with powder. Saucissons consist of cartridges filled
with compressed powder, and capped at the ends. They
are primed with a quick-mateh.

A dynamite rocket contains a charge of nine ounces
of dynamite, designed to explode in the air and be heard
at a great distance. The explosive is primed with a de-
tonator or a capsule of fulminate of mercury. Thus
formed, this rocket makes an excellent acoustie signal.

Every rocket is set off from a picket 6 feet in height
planted in the ground. This picket is provided at the
to% with a small horizontal iron fork.

eacons serve for signaling to a great distance. To
this effect, we can use, in the day time the ‘‘smoke ball,”
consisting of 12 parts of saltpeter, 4 of sulphur, 2 of
charcoal, 10 of pitch, and 124 of resin. At night wecan
use ‘‘ Bengal fire,” casks filled with tar, straw smeared
with pitch and tar and then dusted with powder, and,
finally, the beacon properly so called.

This apparatus consists of a piece of hard wood
hollowed out at the wide end, and filled with a com-
position consisting of 2 parts of saltpeter, 145 of sulphur,
and ! of priming powder. This mixture will burn
from 7 to 8 minutes.

These fire signals are arranged upon points of great
altitude. They are suspended from the top of a pole
stuck into the ground, or from the trunk of a tree.

THE PNEUMATIC HYDROMETER.

SMALES’ pneumatic hydrometer is a handy instru-
ment for measuring the depths of fluids. It is capable

of being applied in many different situations. For
instance, it may be used in a ship to ascertain the
amount of water in the different compartments, and
for this purpose it is fixed in the chart room or in the
engineer’s cabin, and enables the officer to sound each
part of the vessel in succession without leaving his
post. In a brewery it will indicate to the manager the
amount of water in the well, in the cistern at the top
of the building, and in the various tuns throughout
the building. In the latter case, the dial may be
marked in gallons if it be preferred. Many other
situations, says £ngineering, will suggest themselves to
the reader in which an instrument which will measure
the depth of liquids at a distance, without involving
the trouble of a visit to the spot, would *»2 most con-
venient and economical of labor.

The principle on which the hydrometer acts is ex-
ceedingly simple. A pipe, open at the lower end, is

laced in each tank or compartment to be measured.

he other end of this pipe is led to an air-compressing
pump provided with a pressure gauge. The pump is
worked and air forced into the pipe until the whole of
the liquid is ejected from it, and the air escapes at the
lower end. A reference to the gauge shows the pres-
sure required to effect this, and this amount may be
readily converted from pounds per square inch into
the equivalent head of water. Or better still. the
gauge may be marked in feet of the liquid which is to
be measured.

The illustration on the present page shows the in-
strument as constructed for sounding four vessels or
compartments. The four pipes lead to a four-way
cock, by which any one may be placed in connection
with the pump and the pressure gauge. The manu-
Elacturers are W. Reid & Co., 45 Fenchurch street, Lon-

on.

" THE articles in this week’s SUPPLEMENT ‘‘On
Kites,” ‘* Studies in Pyrotechny,” * Magnetic Car-

riages,” ¢ Driving a Needle through a Coin,” are from
our excellent cotemporary, La Nature.
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MODERN WAR SHIPS.

AN important paper on this subject was read on
January 21 at the Mansion House, London, by Mr. W.
H. White, Director of Naval Construction, the lecture
being one of a series delivered under the auspices of
the Shipwrights’ Company. Lord Charles Beresford
presided, and introduced the lecturer. Mr. White com-
menced by stating that, while his official position im-
posed limitations and restrictions upon his publie
discussion of many important matters affecting our
naval forces, he was glad to comply with the request of
the Master of the éutlers’ Company, hoping to sue-
ceed in some degree in the attempt to place before
them facts and figures illustrating the progress of war
ship building in recent years, and the most character-
istic features of modern war ships. At the outset it
was necessary to lay down some definition of modern
war ships. rogress in war material had been so rapid
during recent yearsthat it was not uncommon to find
ships defined as obsolete before they were ready for
their first commission. He should not follow that
method of classification, or treat a ship as unworthy
of consideration because she was not in every respect
‘“up to date,” or possessed of the latest improvements.
He would include in his review all the vessels that had
been constructed since 1859, when he first became con-
nected with shipbuilding, which happened to be the
date when the ironclad reconstruction of the Royal
Navy began. The period 1859-87, of which he would
speak almost entirely, had witnessed greater changes
than had taken place in the whole preceding history
of war ship building, and it was possible for him to
speak of these remarkable events in the light of inti-
mate personal knowledge and observation.

‘When he entered the Admiralty service, twenty-eight
years ago, the dockyards were the scene of feverish
activity, the too long deferred steam reconstruction of
the navy being in full swing. Forced on by the action
of Napoleon III. and his able naval architect, M.
Dupuy de Lome, the Admiralty had at Jast frankly
faced the necessity for fitting screw propellers and
steam machinery to the largest class of warships. Full
sail power was to be retained, and wood hulls {built on
the old methods) were to be adopted on all these
vessels, structure and armament being practically iden-
tical with those of the sailing ships of eariler date.
Many of these sailing ships were being converted into
screw steamships in 1859, and he had assisted at the
cutting down of sailing three-deckers and their conver-
sion into screw two-deckers, as well as at cutting
asunder, lengthening, and alterations of other kinds
carried out in various classes of ships.

‘While that might sound like ancient history, it was
of comparatively recent date, and was treated as of
paramount importance at the time. Some idea of that
might be gathered from the statement that in 1859 no
less than seventeen line-of-battle ships and ten frigates
were launched or converted, while twelve line-of-battle
ships and thirteen frigates remained in hand. It was
a supreme and costly effort to retrieve lost ground, but
it came too late. While money was being lavished on
wood hulled steamships, a further reconstruction was
recognized as inevitable by those who watched the
progress of events in France, where the Gloire, an
ironclad seagoing frigate, was already far advanced,
and others of the class were being pressed forward.

As a contrast to subsequent changes, Mr. White
%lanced at a few of the leading particulars of first class

ritish war ships, from the Great Harry down to the
last of the complete screw three-deckers, remarking
that from 1600 to 1850 changes were few and gradual,
and ships remained effective for long periods, and that,
in default of more important subjeets, discussions
arose over what now appeared to be trivial details.
Could it be possible that our successors would think
similarly of what we now treated as burning questions?
It must be frankly admitted that the lead taken by
the French on both the steam and the ironclad re-
constructions was the primary cause of most subsequent
acitivity in war ship building. Throughout the period
under review, the ceaseless competition between rival
designers of different nationalities had been productive
of great and material advantages.

English naval authorities in 1858-59 would, no doubt,
have gladly postponed action in the building of armor-
clads had they been free to decide, but the Gloire and
her consorts made action imperative, and in May, 1859,
the first English seagoing armored ship, the Warrior,was
ordered. he was followed by several other ironclads
within the next two years; but in1861 something very like
a panic setin, eaused by thegreatlead which the French
had obtained in armored ships. The new departure
made by the Admiralty in the design of the Warrior
class, and later onin the design of the Minotaur class,
was remarkable for its boldness and success, even when
regarded from our present standpoint.

The Gloire and Warrior, and all their successors,
owed their existence to the terribly destructive effects
of shell fire on unarmored wood built ships. The
primary use of armor plating was to keep common
shell with large bursting charges out of the batteries of
ships, and for a long period the struggle between the
attack and the defense in war ships was chiefly one be-
tween guns and armor. The 4% inch armor and
thick wood backing on the Warrior’s sides were practi-
cally proof against the heaviest shot, as well as the
shell, of the armaments carried when she was designed.
In the first stage of the contest, therefore, the defense
scored a victory, but it was not a lasting one. Gun
manufacture rapidly developed, and had continued
to advance ; improved kinds of powder had been de-
vised ; the science of explosives had been thoroughly
investigated; projectiles had been produced of a vastly
superior kind ; and so step by step the power of this
%orm of attack had been increased to an astounding ex-

ent.

Guns had been increased in weight from 43 tons to
110 tons, in powder charge from 16 lb. to 900 1b., in
weight of projectile from 68 1b. to 1,800 1b., in energy
(measuring the force of the blow struck on impact)
from 450 foot tons to 50,000 foot tons, at a range of
1,000 yards. The 68 pounder failed to penetrate the
Warrior target with 414 inches of wrought iron armor
at close range ; the 110 ton gun can penetrate 35 inches
of iron at 1.000 yards. In range and accuracy, as well
as in the efficiency of arrangements for mounting and
loading guns, the progress made was of inestimable
value. There could be no question but that the power
of the heaviest guns now carried in war ships as com.
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pared with the resistance of the strongest armored
defense in existing ships was greater than it had been
at any time since the ironclad reconstruction began.
Nor was the end yet reached, for new projectiles and
explosives were being produced which might reason-
ably be expected to place the attack in an even superior
position in relation to the defense.

His sympathy was, of course, on the side of the ship,
but it was folly to shut one’s eyes to facts and probabil-
ities, and from the very nature of the case the attack

~must have greater flexibility and capability of varia-

tion or development than the defense. On the other
hand, it was but right to note that the defense showed
to least advantage under the conditions of peaceex-
periment. These conditions were altogether favorable
to the attack, and in actual warfare the gun did not
show the same power as at Shoeburyness, Garves, or
Spezia.

For the first half of the period under review ram-
ming was the only rival attack to gun fire ; but while
the newly revived, yet ancient, form of attack exercised
but little influence upon ship designs, the contrary
was true of gun armament. Strengthened and suit-
ably shaped bows and great handiness were essentials
to success in ramming, which were easily provided ;
good internal subdivision into water tight compart-
ments and great handiness were the best means to pre-
vent injury from ram attacks, and were easily arranged
for. With the gun armament the case was altogether
different. Upon the nature and number of guns to be
carried, their disposition and range of command, their
height above water, and the means of working and
loading them, as well as upon the protection to be
afforded to guns and gunners, the design of each war
ship must be principally based. Hence it happened,
speaking broadly, that from 1859 to 1873, the most
notable changes in war ships might be said to have
resulted from the desire, on the one hand, to carry
fewer, but heavier, guns under armor protection, giv-
ing to these guns great horizontal command, and, on
the other hand, to increase the defense by thickening
armor over the protected portions of ships, obtaining
this result by carrying larger relative weights of ar-
mor and diminishing the ratio of armored surface to
the total surface of the ship’s side.

The lecturer then entered upon examination of the
principles of construction of several ships, including
the Warrior, Minotaur, Bellerophon, Hercules, Devas-
tation, Dreadnought, Inflexible, Admiral, Collingwood,
Trafalgar, and the Nile, and contended that that hasty
glance over the influence which progress in naval gun-
nery had had upon armored defenses and types of
ships would confirm the justice of the generalization
that the gun was the most influential factor in modern
war ship design. The artillerist was fond of speaking
of ships as gun carriages. That was true, but not all
the truth. A ship was that and much besides. The
gun was the principal weapon no doubt, but the ram
and torpedo were also important. There was one view,
however, of this popular description which the artiller-
ist often overlooked when he gloried in the progress of
gunnery. Every increase in the weight and power of
guns added to the difficulty of the shipbuilder, for in
the final result every strain incidental to carrying and
fighting the guns had to be borne by the structure of
the ship. Only those who had to be responsible for
the structural arrangements realized fully what had
been involved in the adoption of the modern types of

uns, and it was a marvel that such complete success
ad been attained.

It would be improper not to give due acknowledg-

ment of the great assistance which the mechanical en-
gineer had given in the device of suitable mountings
and appliances for loading and working these monster
guns. It was no exaggeration to say that with these
aids the largest guns are now under more complete
control than were the much smaller guns formerly
worked by manual power. There were not wanting
advocates of the view that the risks of failure inciden-
tal to these mechanical appliances were too serious to
be aceepted, and that guns had outgrown the neces-
sities of the naval service. Mr. White stated both
sides of the debate on this point, and said that, having
done so, he would leave the matter, only adding that
in the latest ships, both English and foreign, while
-heavy guns were to be carried, they were not the
heaviest available. In concluding the gun question, he
must allude to the remarkable movement now in its
early stages, but undoubtedly destined to great de-
velopment, in the cousgruction of quick-firing guns
and mountings for them.

A quick-firing gun was capable of delivering. from
eight to ten well aimned shots per minute, or possibly
more. Beginning with a six pounder, to which a three

pounder was soon added, this class of gun had already-

reached a 40 pounder, and promised to embrace still
larger calibers. Such rapidity of firing, combined
with aeccuracy, range, penetrative power, and shell
fire, would undoubtedly prove of enormous value, and
could not fail to have an effect on both the armaments
and the protection of ships. In some cases attempts
had beén made to give protection against the 6 pounder,
which could perforate 234 inch steel plates at 500 yards.
This protection was, however, quite inadequate to re-
sist the fire of the 40 pounder,and so there seemed to be a
possibility that another chapter might be opened in
the duel between guns and armor.

Leaving the gun, Mr. White passed on to direct at-
tention to the influence exerted upon modern war ships
by the introduction of the locomotive torpedo. In the
course of his remarks he pointed out that a moderately
rough sea, that scarcely troubled the ironclad or the
cruiser of considerable size, sufficed to render inevit-
able a reduction in speed of the small vessels, and a
serious loss of power in the accurate use of their tor-
pedoes and guns. As adjuncts to fleets, the small,
swift vessels and boats were undoubtedly of immense
value under many circumstances; for the defense or
attack of ports and coasts they were well fitted ; but as
substitutes for all other types, and as the successful
rivals of large war ships in sea service, their claim was
not, and probably would not be, established. The dis-
covery of the minimum size of swift torpedo vessels or
torpedo boat destroyers really capable of independent
sea service ‘with a fleet was now engaging attention in
all navies. Messrs. Thomson, of Clydebank, had just
completed another example of the class intermediate
in size between the Bourke and Grasshopper, and said
to have attained the very high speed of 224 knots on
trial in smooth water. Experience at sea with these

vessels would be of immense value to future designs.
Having alluded to the torpedo cruisers of 1,300 to
1,700 tons which had been built during the last four or
five years, and to the Polyphemus, he referred to the
great development which had taken place during the
last four or five years in the construction of swift pro-
tected cruisers. Passing from these descriptions of
types and armaments of war ships, he directed atten-
tion to certain important masters common to all types,
and largely affecting their efficiency as well as their
cost. A war ship was minutely subdivided into a very
great number of water tight compartments, in order to
gain increased safety against under water attacks.
Another noticeable feature in modern war ships was
the extended use of mechanical appliances as substi-
tutes for manual labor. It would be obvious that
the task of designing and building modern war ships
would be one of great difficulty, even if it were possible
to fix beforehand all the conditions to be fulfilled in
armament and equipment. Since the ironclad recon-
struction began, however, no such fixity in design,
especially for the larger classes of ships, had been ob-
tained.

The progress in guns, torpedoes, equipment, ma-
terials of construction, propelling apparatus, ete.,
had been rapid and continuous, and there is a great
desire to embody these improvementsin vessels stili
incomplete at the date of their introduction. Of
course, these additions and alterations meant greater
first cost, and generally greater weight. Changes,
additions, rearmament, were the rule during the whole
period of a war ship’s career. Wide differences of
opinion existed on many, if not most, of the features
of war ship design; but there was almost absolute
agreement that high speed was of primary importance
in all classes. The increase in speed had been obtained
by improvements in two directions—first, in the forms
of the ship; and, secondly, in the design and con-
struction of the propelling apparatus.

The progress made in the machinery of the grand
steamers of the mercantile marine had been of the
utmost advantage to war ships. In the latter, the in-
troduction of both the compound and the triple expan-
sion engine had been the result of mercantile experi-
ence, and the inverted cylinder engine had found its
way into war navies from merchant ships, adding to
its reputation, and ﬁndin% general favor where it could
possibly be adopted. The war fleet had not only de-
rived benefit from the mercantile marine; it had also
given it the benefit of special experience. Twin screws,
for example, had been first applied and proved efficient
in deep draught war ships; ‘‘forced draught” had
been developed, and in the construction of the engines
many imErovements both in design and materials had
been worked out which would help the future associa-
til?n of strength with lightness in marine engines gener-
ally.

Before the abandonment cf sail in the Devastation
class was decided upon in 1869, there were anxious dis-
cussions. Subsequent experience had proved how wise
the decision was. All the changesmade since that date
had favored reliance upon steam. Twin screws gave
an assurance of safety against the breakdowns so
troublesome with single screws ; higher steam pressures
and triple expansion engines had greatly reduced the
rate of coal consumption. Ships were now built cap-
able of steaming continuously for five or six weeks
8,000 to 10,000 knots, at speeds of ten knots an hour,
before their coal supply was exhausted, and for still
longer distances and periods at lower speeds. Sail
was still continued, however, in many classes of war
ships, and was absolutely necessary for certain services
and stations.

After what had been said respecting the size, armor,
armament, and complex fitting of war ships, no one
would be surprised to find that their first cost had been
greatly increased. Large as had been. the sums ac-
tually spent on shipbuilding during the last quarter of
a century, they had not been large enough in propor-
tion to the number and cost of the new ships in hand
to permit of rapid construction. That financial limita-
tion or want of funds in relation to work incomplete
had sadly hampered and hindered progress and com-
pletion, lengthening out the time over which a ship
had been on hand, it had indirectly added to the cost,
and had given time for the numerous alterations and
additions which he had deseribed. Even when funds
were ample, and all conditions favorable, the time re-

quired to complete a first class modern battle ship for.

sea could not be put at less than three or four years,
for a cruiser one and a half to two years, and for the
smaller vessels one to one and a half years. These
figures compared badly with what was done in
merchant ship construction, but the reasons for the
difference were obvious enough.

For many reasons the development of the swift
cruiser class was to be welcomed. The British navy
must always be in a position to meet every class of
ship which an enemy could bring into the line of bat-
tle or send on detached service. If what was being
done abroad was observed, and the necessary provision
made in proper time, our shipbuilding resources were
such that the lead could always be secured. With
respect to the possible use of mercantile auxiliaries in
time of war, he fully recognized the splendid perform-
ances and unrivaled capabilities of our swift modern
steamships. He heartily sympathized with all that
had been done in the last ten years to encourage
methods of construction and subdivision which would
be'ter fit these vessels to receive an armament of guns,
and to be capable of fighting. And he believed that in
many ways these armed vessels would be of immense
value to the country in the time of war. But he did
not concur in the opinion that they were to be treated
as substitutes for regular war ships, and that the navy
could be reduced in numbers because these auxiliaries
were or might be available.

There were radical and unavoidable differences in
structure, protection, machinery, and steering gear, as
well as handiness and capability of using their arma-
ments, between such vessels and regular built figzhtipg
ships. The officers and men who had to navigate and
fight the War ships of these days had great demands
made upon their intelligence, skill, and courage. In
concluding, Mr. White said he had purposely avoided
anything of a controversial nature, and refrained al-
most entirely from all attempts to assign individual
credit for many and great improvements which had
marked the ironclad period. His wish had been to in
dicate in general terms the character and scope of
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recent changes, and to illustrate the difficulties that
had been overcome, as well as the results attained.

Lord Charles Beresford, in proposing a vote of
thanks to the lecturer; said it had been shown that our
naval expenditure, heavy as it was, had not been
thrown away, for it had been incurred in order to keep
pace with foreign countries. In regard to the relative
position between attack and defense, people, when
they heard;of guns firing at armor, forgot that the
gun was then placed in the most favorable position.
The shot struck at right angles, whereas, if the
target was placed obliquely, the shot would probably
strike and ricochet off, That was what generally oc-
curred in action. He had always been an advocate of
having small guns as well as large ones on our big
fighting ships, as you could find the range better, and
the moral effect on the men was bad of not having a
shot for a long time from their own ship when shot
was striking them. In regard to the citadel and belted
type of ships, there were advantages in both. He,
however, inclined to the belted type, armored fore and
aft. The citadel type had their vitals well protected
as strongly as they could be ; but he thought if they
were toram another vessel, the enormous weight in the
center would cause the light fore end to collapse, and
that the armored deck would be shoved out through
the ship’s sides.

The constructors did not agree with him ; they said
the horizontal armor and deck armor would support
the ship, and keep her bow intact. In any case he
would be very glad to command one of them in action,
and he should not anticipate the danger suggested by
Sir E. J. Reed that shell fire would so cut up the ends
that buoyancy would be lost and the ship would turn
turtle. e would, however, take care to see his enemy
in a very advantageous peosition before he rammed.
Referring to the l%ile and the Trafalgar, he said they
would probably be the last of the heavy ironclads, un-
less other nations continued to build that type of ship,
when we should have to do so too. We could not
afford to allow any nation to build vessels of any kind
superior to ours. He believed the determination to
build these two vessels had had a great effect on
France, as theysaw we were determined to keep the
lead, and knowing that we had most money, they came
tc]> the conclusion it was useless to kecp up the strug-
gle.

He was rather borne out in that theory by the recent
report of the French minister of marine, who for years
had held that the French ought to build small ships with
enough coal to run out from French ports to the foci of
our trade across the Atlantic and round the Cape, and
prey on our comnmerce, and no doubt they would do it if
we did not look out, instead of devoting their mmoney to
building large ironclads, in which we were sure to beat
them. He deprecated the plan of taking so many
years to complete a ship, declaring that a vessel would
be a far superior fighting machine if shewas finished
quickly as_she was first designed, instead of delaying
and introducing changes which altered her speed and
draught. The mechanical engineershad made fighting
a science, and through their invaluable aid the 110 ton
gun, the 80 ton gun, and the 68 ton gun were worked
by one man with vastly more ease than five men .could
work a 68 pounder in1859. He did not anticipate that
torpedoes were going to revolutionize warfare. They
were neither to be underrated nor overrated.

In his opinion, the energy, dash, and audacity
which would be required to handle the torpedo boat
would tell for Englishmen rather than against them.
Those little craft were yet in their infancy, and it was
not quite certain what class would be most useful for
our fighting fleets and squadrons, but we should not,
in his opinion, want anything between 400 tons, or
thereabouts, and the small boats of 70 to 80 feet, which
could be hoisted in and out. The boats from 135
feet to 70 feet would never be able to keep the sea,
as instanced récently by the French torpedo squadron,
where out of seventeen only six reached the rendezvous
and were able to do what was expected of them. Sub-
marine boats were another novelty; but he did not
think they would revolutionize warfare. If they could
be made safe to get into a position to fight, they might
be very useful. As to big ships running away from
pygmy torpedo boats, the explanation was that in
order to demolish the pygmies the best thing to be done
was to go as hard as you could in an opposite direction.
He did not like the expression running away, for then
you would get them altogether in pursuit of you, and
your quick firing could be used with most effect. As
to the measured mile trials, he would much prefer to
have ships tested under exactly the same conditions as
they would be in fighting an action, and then they
would know the worst of her at first instead of at last.
As to the cost of ships, they must look, not to that, but
to what our ships had to do; and one of ours had to
do sixty-six times more than a French ship in proteet-
ing our floating wealth and our food supply. Vee must
not be satisfied with a small numerical superiority
over the French. In conclusion, Lord Charles Beres-
ford dealt with swift passenger steamers, thirty of
which are on the Admiralty list for use as cruisers to
protect commerce in case of war. Of these, he said,
sixteen would probably be at home when war broke
out, and our organization should admit of their being
armed, manned, and dispatched to sea in three days,
in which case we should probably prevent the depart-
ure of a few French rovers, who otherwise might step-
out of port to play the role of Alabamas, and do in-
calculable mischief to our commerce.

THE SPANISH CRUISER DESTRUCTOR.

THE torpedo cruiser Destructor, built by Messrs.
James and George Thomson, Clydebank, for the Span-
ish government, has arrived in Spain, her sea Voya,%e
having justified the expectations of her builders. She
crossed the Bay of Biscay from Falmouth to Finisterre
in twenty-four heurs, her mean speed being twenty-
one knots, or a little over 24 miles, per hour. She was
launched in July last. Her particular function is to
catch and destroy torpedoboats, and every other feature
is almost entirely subservient to those qualities which
secure high speed. The vessel is of 450 tons displace-
ment, and is propelled by two sets of three cylinder
engines, each in separate compartments. These are

rotected by steel plates, 13 inches to 34 inch thick,
ghe carries several guns, and has five torpedo tubes.
Two rudders, one fore and one aft, have been fitted
to enable her to maneuver quickly.
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WEIGHT AND POWER OF MODERN GUNS. Willkbe filled with concrete after the caissons are
sunk,
TABLE OF ARMSTRONG GUNS. The masonry will be built on grillages, 46 ft. by
e IOO]ft. by 10 ft. deep, with temporary sides. These
; : will be sunk to rest on the top of the caissons, which
Total Welght. Muzzl Total | Energyper Eli;rc%y&er vs'rl;];llfg}?ce ”fiﬁn will be 20 ft. below high’'water. The ma.sonr’y piers
Gun. | Caliber. | Weight. Length of Length of Bore. - Vell:)zczit;. Engrgy Ton Weight| Shot’s | Platethe Shot_| are 24 ft. thick and 86 ft. long. and their tops will be 30
Gun, Charge.| FPToJec- of Gun. | Circumfer- jis Capable of | ft, above high water. From that level to the lowest
. = € _|point of the superstructure—100 ft.—will be steel
4i?é4 4i';12.4 togsé caligfrs. ]i1121.7 cali%ers. l(i)g.o ll:;2 11;.0 ft. Botes ft. t?gg fg. 22to&15. ft.sgo;ls. 1;10 towers, 16 ft. by 60 ft. on the base and 16 ft. by 30 ft.
. . . : . : . 1 : . : on top, made of eight columns well braced together in
g'g% ég% i-?) gg %222 g% igg'g 13 % gk%g %:5?3 5533-; 1:%3 1%-(1; all directions. The wind pressure provided against is
Go | 6o | s3| & | 0| B | HOO| | 0| 2 | Gws | s | ios | e e O P e e e he
. . . . . s g : . spans and towers an e area o e trains. e
(03 o B fmeil = b B0 Al Sow ik A e spans are provided to carry a train load of 3,000 Ib. on
g 8 gg 1%% gg %‘0 ?2,3 %g-g 1%3 1@ g}#} g,g(l)g gﬂg %g g %g each track, h(leladedhby two consolidation lo&‘cilmotlves
X : i ‘5 : g g } : X of 85 tons each, with factor of safety of 5. e pres-
A (I Wek = ol mol R Ao Bl &l e pae | 2.8 i i sure on_the caisson bases is about 8 tons per square
g'g g-g %slrg 28 257°6 26 33?*7 %(5) 320 3,86(5) g‘gg égg% %§ %8-5 foot, ai.nd 'lslllle ma,terla,{ lipon W?lch'?ﬁey rest 1s1 hsla.rd
: : X 32 | 2813 30 | 2618 380 .03 ; : ! 0 gravel. The principal changes from the original plan
0oltho2 2ol E jasdl B YLy B oA in h pes e L of this bridge, as desnfned some fifteen years ago, are,
100 | 100 210 32 320 0 30 300°0 210 410 2,185 560 576°3 4979 22°8 substitution of steel towers for masonry, which
10:0 | 10-0 300 31 | 3100 3 | 300 [ 210 500 2,213 16,979 5660 5433 238 diminishes the Fressure on foundations very much;
Rid | 129 s HiE s o B ] i e g a0k i o substitution of three cantilever spans of 548 ft. each,
120 | 12°0 51°0 37 4440 35 420°0 450 850 2,205 28,665 562°0 7636 281 and two connection spans of 525 ft. each, for five dis-
iggg %ggg 1%'8 % égg-g % ﬁg{g 8058 {,338 gégg 55,371 ggg'i %35‘3,; %g conrtl}acted spans of 525 ft. each. This change enables
. X . . . s . £ . 00, . the Union Bridge Company to erect the three canti-
16'25 | 16°25 12 56875 | 900 | 1,800 2,295 65.745 5176 1,292'6 365 2 ALY ¢ p
170 | 17°0 1500 % | s % | Mo | wr | 2o | Tees | i 517°9 973°1 317 lever spans without staging in the river. It also gives
170 | 170 116°0 32 544°0 30 51000 | 1,000 | 2,000 2,190 66,512 5733 1,249°7 358 more waterway between the piers, and a clear height
170 17°0 1370 37 629°0 35 595°0 | 1,000 2,000 2,255 70,520 5147 1,3%5°0 370 of 160 ft. instead of 180 ft. in three spans.
The superstructure will embody all the results of the
latest and best practice. The followingis a record of
%hpdtest of an eyebar similar to those to be used in this
. ridge :
THE HUDSON RIVER BRIDGE AT POUGH- |and Gardiner, will obviate this difficulty by makin, Ultimate strength, 66,445 1b. per square inch.
KEEPSIE. an almost direct route from Boston and Springfiel Elastic limit, 36,063 1b. per square inch.
. to Scranton and the anthracite coal fields and Harris-| Elongation in 8 ft., 21 per cent.
A GLANCE at any map of the Eastern and Middle burg. The advantages to be derived by the trans-| Elongation in 12 in. at point of fracture, 8714 per
States will show the need of a bridge over the Hud- " portation of coal over this route, and by the passenger | cent.
son River at a point midway between New York and and freight traffic between New England and the| Reduction of area at point of fracture, 51 per cent.
Albany. All traffic between the New England States| West and South, are apparent. All broke in the body of the bar.
and the West and South over either of the lines bav-| The Poughkeepsie bridge has four piers in the| These were tested on the Union Bridge Co.’s 600 ton
ing a terminus at Jersey City is subjected to more or river. These are of masonry resting upon timber |testing machine at Athens, Pa., at present the most
less delay, caused by crossing the Hudson at that caissons, which are dredged down to about 125 ft be- | powerful testing machine in the world.
point. The Poughkeepsie bridge, together with about low high water. These caissons are 60 ft. by 100 ft.,| It isexpected to pass trains over this bridge before
twelve miles of road to be built between Poughkeepsie with twelve pockets left open for dredging, and which | December 31, 1887. When it is considered that the
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river part of this bridge is equal to three cantilever bridges of longer
span than that at Niagara, and of about the same height, and with

three-fourths of a mile of viaduct on the shore, making in all about l}g .

miles of double-track bridge, the task appears to be a great one; an
yet it will be done.
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THE DIAMOND MINE OF WISCONSIN.

In 1888, some little excitement was occasioned by the
discovery of diamonds in Wisconsin, the little village
of Eagle, which is situated on the line of the Chicago,
Milwaukee, and St. Paul Railroad, about thirty-six
miles west of Milwaukee, being the place of discovery.
The mine is owned by Mr. S. B. Boynton, a Milwaukee
jeweler, and I will give Mr. Boynton’s own words in
way of description and the incidents that led to the
discovery of the diamonds:

‘ Eagle is surrounded by a beautiful and romantic
country, abounding in springs, brooks, lakes, and hills.
On the north of the town, not more than a stone’s
throw from the depot, lay a long range of high hills,
known as the Kettle Range. This range of high hills
seems to be the terminus of a large body of float which
undoubtedlK was thrown down from the northeast
corner of the State, during the glacial periods, long
agesago. The hills are forty or fifty feet above the
general level of the country, and are formed of beauti-
ful gravel. All along the top of these hills are great
siri}( dholes, or pot holes, as they are more generally
called.

‘“On the top of one of these hills, not far from the
depot, some twenty years ago a man by the name of
Bovee built a house, and dug a well to supply his
household with water. The well was dug about thirty
feet deep at that time, going through the first stratum
of gravel and striking a bed of hardpan below. Think-
ing they had sufficient amount of water, they ceased
digging. In a few years after, the property was sold
to a Dr. Tucker, and the doctor concluded to sink the
well still deeper, as the water was scantand insufficient
to supply the wants of his family. They dug throu%h
the hardpan, which was thirty-five feet thick, at the
bottom of which they found a bed of cement, or crust,
about four inches in thickness. This crust was as hard
as a solid rock. With erowbar and pick they broke a
hole through it, when the water spouted up twenty
feet high, so great was the pressure from below. In a
short time the force of the water was spent, and the
workmen went to work again. They dug out this
crust and came to a beautiful bed of gravel below, in
which they found a vast variety of very beautiful stones.
They found one stone that attracted their special at-
tention from its shape and brilliancy. One of the
workmen picked it up and gave it to Mrs. Dr. Tucker;
at the same time he said, ‘ Mrs. Tucker, here is a dia-
mond, and I will give it to you.” She took the stone
%nd showed it to several of her friends, who now live in

agle.

After a few years Mr. Tucker sold the place to
Devereux, who built another house on one part of the
lotandrented this house to Mr.Wood. The well became
filled up at the bottom, and it was necessary to clean it
out. orkmen were set to work to do the job. They
cleaned out all of the debris and dug about one foot
into the lower bed of gravel, all of which was put into
a pile at the top of the ground, near the well. One
morning, after a hard rain, Mrs. Wood went out to feed
her chickens, and saw something shining in the sun-
light. She picked it up, and found it to be a very bright
stone. She sent it to E[ilwaukee by a friend, who took
it to a jeweler, who pronounced it a topaz, of no great
value. It was taken back to Mrs. Wood, who laid it
aside. After a few years, Mrs. Wood moved to Milwau-
kee. She brought the stone to me, to have it made into
aring. Ilooked at the stone, and told her that it was
a very pretty one, and would make her a beautiful ring,
and to do the job in a good shape would cost her
twelve or fourteen dollars. She said she did not feel
like paying so much money for a ring, and thought
she would not have the work done. Then I told her 1
would buy the stone of her if she wished to sell it.
‘ What will you give me for it ?’ she asked. I told her I
did not regard it of any great value, although it was
verypretty. *Yes, I think it is pretty. I am told that
it is a topaz,’ she said. I offered her one dollar for it.
She said she would not sell it for that, and she went
away. This was in November, 1883, I saw no more of
her until a few days before Christmas, last, when she
came into the store again, and said to me, ‘I guess I
will sell you that stone, Mr. Boynton, if you want it.’
As she spoke she handed me the stone. I took it, and
asked her how much I had offered her for it, for I had
really forgotten. She said one dollar. ‘All right,’I
said, and handed her the money. I then asked her
where she found it, and she told me as I have related
her story. She then went away. I sat down to my
bench, took up my eyeglass, and took a look at the
stone with a glass for the first time. After looking it

| over carefully for a few moments, I became convinced

that it was a diamond. I tried to cut it with a file,
but could not make the least impression upon it. 1
then spoke to my son, and told him that I had a dia-
mond. He came to my side and we both examined the
stone, and came to the conclusion that I was right
about it. My son took the stone to a manufacturer of
jewelry, and showed it to him and asked him what he
thought it was. He tooked it over carefully, and said
he could not tell, but thought it might be a sapphire.
My son brought it back to the store, and I took it to
one of our leading jewelers, and showed it to him, and
told him I thought it was a diamond.  He smiled a sort
of sickly smile and said, ‘ Yes, that is a diamond, in a
horn.” 1 brought it home, and in a day or two I took
it to Chicago to have it tested.

I took the stone to Messrs. Giles Bros., of Chicago,
and showed it to C. K. Giles, who said, as soon as he
saw it, ‘That is a diamond.” He then showed it to his
diamond cutter, who said, ‘ Why, that is a diamond.’
He then tested it, weighed it, and said it was a very
fine stone, and weighed 153 carats.

‘1 then went to my brother’s store, who is a jeweler
on State Street, in Chicago, and we talked the matter
over, and came to the conclusion that it would be a
good plan to prospect the old well, and see if there was
not some more diamonds there. Itold him I did not
know where the old well was, nor did I know thelady’s
name from whom I bought the stone, or where she
lived. I knew she said she found the stone in Eagle,
and that it came out of a well, but whether in the
village of Eagle or in the township of Eagle I could
not tell.

*I came home, and began hunting for the woman.
I walked the streets daily for some time, looking into
the faces of all the ladies I chanced to meet, until I be-

came ashamed of myself, so I concluded to change
base ; suffice it to say that after a trip to Eagle and
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back, and much inquiry, I finally struck the trail, and
found the lady.

‘*She called at my store to get a clock repaired. I
at once recognized her, and asked her what her name
was. She said it was Wood. 1 asked her if she was
not the lady fromn whom I bought the stone, and she
said she was. I then asked her again all about the
finding of the stone, and where the well was, who now
owned the place, etc. I got all the information I de-
sired; and she went away. In a day or two, I took a
friend with me, and we went to Eagle to purchase the
land where the old well was.

“On our way to Eagle, we arranged a story that
we thought would look reasonable to tell the parties,
giving a reason why we desired to purchase the land
on which the old well was located. We arrived at the
depot, went to the post office, called upon Mr. Parks.
I told him that the gentleman with me was a man
who desired to purchase a small piece of land, suitable
to raise some fancy chickens on ; that he wanted from
four to ten acres, and would pay what it was worth if
it suited him. Mr. Parks gave us the names of several
parties who had land for sale, but in doing so he did
not name the name of Devereux, the man who owned
the land we wanted, so we told him we had been told
that a Mr. Devereux had a piece of land that might be
bought. He said, ‘ Yes, he has a piece of land, but I
hardly think it is what you want, but however you
can take a look at it and see.’” We thanked him for his
information, and went to look at the land. We called
upon several parties, and finally called on Devereux.
We found him chopping wood. We told him what we
wanted, he thought his place was just the place for us,
and he would sell it to us for $800, not a cent less. We
looked the land over; there was the old well, and he
said that at one time Mr. Wood’s folks had lived upon
the place, etec. We became convinced that that was
the place, and we bought the property for the $800.

‘“When Mr. Parks found out that we had bought the
Devereux property he was much surprised, as it was
up on top of a high hill, and poor land. But we told
himm that there was a point in the chicken business
that he undoubtedly did not understand. We told him

‘- one very great advantage in that place was that it was
so well located, being on high ground and so near the
town, that if the hens knew their business they could
lay their eggs in such a way that they would roll right
into market. We returned home and waited for warm
weather to come, so that we could begin work on the
claimm, and prospect it. We endeavored to keep the
matter quiet, and succeeded in doing so for more than
a month.

‘ After we had got the land secured and all safe, 1
sent word to Mrs. Wood by Mr. Wood to call at my
store when she came by, I wanted to have a talk with
her. She came in next morning, and I told her that
the stone I bought of her proved to be of much more
value than I supposed it was, and that I proposed to
make her a good present, not in jewelry, but in cash.
She said I did not owe her a cent, that 1 had paid her
for the stone, and that it was all right. She said she
had tried to sell it to other jewelers, and that all she
could get for it was fifty cents, and I gave her one
dollar, and that was all right.

‘*Inaday ortwo the reporters of the Evening Wiscon-
stn came to me to find out how much truth there was in
the story. I tried to throw them off the track, but no
io. I told themn that it was all bosh, but theysaid they

new better, so the next evening the paper came out
with a flaming heading, and gave the thing a most
wonderful send off, setting the value of the stone at
$850, ete.

*“ As soon as Mrs. Wood saw this account of the dia-
mond, its value, ete., it broke her all up, and now she
made haste to call upon me, and demanded the stone.
Said if it was a topaz it was mine. but if a diamond it
was hers. I did not give her the stone. She went
away, and sued me for $10,000.

“On the 23d of April last, we began work at the
claim. We sunk a shaft seventy feet deep, passed
through thirty feet of gravel, then thirty feet of hard-
pan, then came to a stratum of cement about four
inches thick, and as hard as solid rock. We broke
through this and struck a bed of gravel below, in
which we found such a body of water that we are com-
pelled to put up an engine and pump. In digging
through the upper stratum of gravel, we found several
nice small diamonds and a multitude of other very fine
stones. We have now demonstrated the fact that
there are diamonds in those hills.

‘*Several old African diamond miners have visited
the mines, and all of them say we have the very best of
indications, and if we do not find diamonds in good
paying quantities, they are greatly mistaken.”

The above is an extract from a letter written to the|

editor by Mr. Boynton, July, 1885.—Amer. Jeweler.

MAGNETIC CARRIAGES IN CHINA AND
JAPAN.

IN the Bibliotheque Electro-technique of Hartleben,
of Vienna, we find a very interesting little volumne, by
Dr. A. De Urbanitzky, on electricity and magnetism in
ancient times. We extract from it a few passages re-
lating to the applications of the magnetic needle. The
invention of the compass dates back to the year 2634
before our era. In fact, we find the following lines in
a great historical work, the Thung Kian Kang mow :

‘ Tschi-yeu loved war, which permitted him to raise
disorder and confusion. He had manufactured for him
sabers, spears, and machines for throwing projectiles,
in order to subjugate his neighbors and plunder them
at his ease. oang-ti, not %eing able to tolerate such
conduct any longer, forbade him to leave his dwelling,
Choa-hao. But Tschi-yeu still persisted in his mis-
doings. He crossed the river Yang-chui, ascended the
Kieu-nao, and attacked the imperial army. The em-
peror, forced to beat a retreat, succeeded in getting in
shape again through the aid of subsidies from his
vessels, and forced Tschi-yeu to give battle in the plain
of Tscho-lu. The rebel governor then caused clouds of
dust to be raised, in order to hide the disorder of his
army from the enemy. But Hoang-ti, having had a
carriage constructed that pointed out the south, was
enabled to pursue the insurgents and seize Tschi-yeu.”

This carriage is thus described by Tschu-iu : *‘ It car-
ried a small pavilion supported by four wooden
dragons. Upon this pavilion stood a carved wooden
image representing a genius. Whatever was the diree-

tion of the carriage, the hand of the genius always
pointed toward the south.”

On another hand, according to the historic memoirs
of Szu-mathsian, written in the first half of the second
century before Christ, the invention of the magnetic
carriage dates back only to the year 1100 B. C.
Tscheu-Kung (uncle and prime minister of the emperor
Tsching-wang) made a present, to some ambassadors
from distant lands, of five carriages constructed in such
a way as to constantly point out the south. Thanks
to these vehicles, the ambassadors found it possible to
reach the coast and embark for their own country.

The Chinese employed the magnetic needle, not only
to get their bearing upon land, in their travels, or in
military expeditions, but also to determine the prin-
cipal lines of their structures, and to guide their
ships by.

According to Tsui-pao, the art of constructing mag-
netic carriages was lost, and not discovered again until

Fic. 1. -MAGNETIZED IMAGE BELONGING TO
A CHINESE MAGNETIC CARRIAGE.

A. D. 285, bi; the learned Ma-Kiun. The following de-
seription is borrowed from a code of ceremonies inserted
in the history of the Sungs:

‘““To whichever side it turned, the hand constantly
pointed south. One of the commanders of the impe-
rial escort, charged with the guarding of this valuable
car, always led it at the head of the cortege, when the
prince attended a ceremony.”

We find the most recent description in the encyclope-
dia San thsai thu hoei (A. D. 1609). Fig. 1is a fac-
simile of the sketch that accompanies the text.

* The ornament of the carriage has the following di-
mensions: One foot, four inches and two lines in
height, and seven inches and four lines wide at the
base. At the extremity of the wooden shafts there is
a circular aperture of a diameter of three inches and
seven lines. A pivot of same diameter turns in this
orifice, and is surmounted with a statuette represent-
ing a man with his arm always stretched out toward
the south. This statuette mmovesin the aperture. . . .”
(Here the text is effaced.)

The sovereigns of China, who alwayshad to lead their
armies over steppes of great extent, never were sure of
the direction to take except through the aid of these
compasses, which, moreover, were combined with ap-
paratus that permitted of measuring the distance tra-
versed.

According to Kai-bara Tok-sin, the author of Wa 2 st
(the origin of things in Japan), nagnetic carriages were
notknown in Japan until the second partof the seventh
century after Christ.

‘“In the fourth year (A. D. 658) of the great pontiff

F1e. 2. —_MAGNETIZED IMAGE BELONGING TO
A JAPANESE MAGNETIC CARRIAGE.

Sai-mei-tey-o, the Chamen (priest of Buddha) Tsehi-yu
constructed a magnetic carriage,” and he adds that this
was the origin of these apparatus in Japan.

Fig. 2 is a reproduction of a picture taken from vol.
xxXxili. of the great Japanese eneyclopedia.

SOME CURIOUS FLAMES.
By THOMAS FLETCHER.

FrAMES and their peculiarities have not, up to the
present time, received the amount of study which is
necessary to understand them from a scientific point
of view, or to utilize them cominercially to the best
advantage. Flame is really nothing but a sign of an
incomplete or transition state of chemical combination.
Its presence during combustion is not always neces-
sary, and I think I am within the actual facts when
I say that its presence under practical conditions in
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commercial use indicates always a loss of work. Many
of the experiments I shall show you have been adopted
asregular demonstrations at scientific lectures, and the
details of these will be found scattered among different
lectures of mny own. But they have never been col-
lected and classitied so as to be utilized for a systemadtic
study of the laws of fiame and combustion, and enable
a broad and general view to be obtained on this most
important subject. The appearance of flame is mislead-
ing, and the greater the flame the smaller the work
done, other things being equal. I was recently asked
by a well-known engineer if I could explain why
certain boilers gave such an exceedingly small duty for
the fuel consumed when the flues were, as he said,
‘“filled from end to end with magnificent flame.” The
fact was that his so-called magnificent fiame was a de-
lusion, hollow and cold inside, and not coming into
contact with his boiler at all. When the fuel was
burnt with a very small flame, hardly visible over the
bridge, the duty increased some 30 per cent. (The lee-
turer then gave some praectical demonstrations of the
various characters of flames, and their delusive appear-
ances.) A cotton handkerchief, as you no doubt are
aware, will burn readily to ashes, and I will prove this
to you by burning one. I have here another, precisely
the same, which we will saturate with proof spirit,
and, as you see, the flame, although apparently a fierce
one, is not hot enough to ignite the handkerchief,
which comes out of the fiery test without a singe or
mark. The fact is that the flame is not only compara-
tively a cold one, but it is also hollow, and does not
come in contact with the handkerchief at all, the space
between the handkerchief and the flame being filled
with cold vapor, which only burus when it coines in
contact with the surrounding air. To make this in-
ternal space in a flame visible to you, I must experi-
ment in a different way. I now take a burner 8in. in
diameter, supplied with a mixture of coal gas and air,
the air being supplied in a quantity sufficient to
increase the bulk of the flame, but not enough to
enable the gas to burn, except on the outer surface,
where the mixture comes in contact with the surround-
ing air, with which it combines. This great flame is
formed by the combustion of coal gas at the rate of 2
cu. ft. and about 20 cu. ft. of air per minute. It is of
very little use for any purpose, and we now proceed to
prove how great a delusion it is, by placing a ball of
paper inside it, then some loose gunpowder on an open
paper, and again a ball of guncotton, all of which
remain untouched. The outer film of flame is hot
enough to burn my hand if left in it. But if the body
of my hand is protected with a damp cloth, I can put
my naked fingers inside the flame without discomfort,
and pick the paper of guncotton out of the center of
the flame. By an alteration of the burner, admitting
sufficient air with the gasto form an explosive mixture,
which will burn without assistance from the external
air, the flame instantly becomes solid, much smaller,
less visible, and at once explodes the gunpowder. If
not the first to discover the peculiarities and value of a
solid flame without a cold center, the first application
of this discovery to practical use was made in Manches-
ter by Mr. Wallace, and any mention of this valuable
improvement would be incomplete without a mention
of the name of so worthy a pioneer in the study of
combustion. To reduce the flame to a still smalier size,
a different form of burner is necessary, with a supply
of air under pressure, and the same quantity of gas
and air burning, but the space taken up by the com-
bustion, instead of being, as at first, 8 in. wide and 18
in. high, is less than one hundredth part tige size. And
instead of being able to put my bare hand in, it will
fuse wrought iron almost instantly. Itis well known
that the available duty of any source of heat is, other
things being equal, in direct proportion to the differ-
ence of temperature between this source and the object
to be heated, and, therefore, we shall get a much
larger amount of work from our small high tempera-
ture flame than from the large and colder one. 1 will
now dispense with flame altogether, and show you the
same quantity of gasand air burning as before, but in
the most perfect form, the combination taking place
on the surface of the substance to be heated without
any flame. To show this, the mixture of gas and air is
directed on a large ball of iron wire, flame being used
at first to heat the wire to the necessary temperature
to continue the combustion. By stopping the gas
supply for an instant, the flame is extinguished, and
the combustion is now continued without any flame,
but with an enormous increase in the heat obtained.
This invisible or flameless combustion is only possible
under certain conditions, and one essential point is
that the combustible mixture shall come in absolute
contact with a substance at a high temperature which
is capable of absorbing the heat as it is generated.
We will now heat this small furnace to a temperature
sufficient to cause combustion without flame, and will
then remove the side, showing you the interior of the
furnace, with a crucible being kept at a white heat, by
blowing a cold mixture of gas and air into it. In the
absence of a solid substance at a high temperature, it
is impossible to cause combustion without flame. And
when a flame is used, it is also impossible to make it
touch a cold surface. Some may imagine that if a solid
body is surrounded by a flame, the flame touches it.
This is altogether a mistake ; there is a space between
the two which it is impossible to pass, a cold and flamne-
less zone which surrounds the cold surface, and which is
quite impassable to flamne under any conditions, and
which most seriously obstructs the work of heating.
To prove that this impassable cold zone exists beyond
any doubt, I take a copper vessel containing water,
and on the side of this vessel I paste a thin paper label.
On this I will direct the powerful flame, which you
have seen will fuse wrought iron instantly, and the
paper remains untouched, without a trace of singeing.
The full force of the flame, urged by aheavy blast of
air, may be directed on this paper for any length of
time without the slightest effect, so long as the vessel
contains any water. Some will imagine that the heat
is absorbed so quickly that the paper has not time to
get hot. But it is very easy to prove that this is not
the case, by heating a wire in the same flame and
touching the paper with it, causing instant charring.
The cause of this extraordinary result has mnever yet
been fully explained, but I believe it to be that all
substances have an adherent film of air which resists
the passage of any flame, but which is, of course,
instantly removed by the application of any solid
substance. This theory has one weak point, that the
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cold zone is impassable also to radiant heat. And in
the face of this fact, I must say that a really satisfac-
tory explanation is yet to be found, which will agree
with the present accepted theories of heat. The action
of flame or heated matter on moist surfaces is much
more easily explained. It is known that a moist hand
or stick ecan be passed through molten iron without
burning, owing to the filin of steam evolved, which
prevents contact with the metal. The same reason
accounts for the fact that we can burn guncotton on
the palm of our hands without feeling any heat, the
moisture present absorbing the heat as fast asitis
evolved. In the case of the paper label on the metal
vessel, there is no moisture, the label having been
carefully dried to prevent the sudden formation of
steam lifting it away from the metal surface. And I
think that the peculiar resistance to flame contact with
a cold surface requires some further explanation than
the present theories can account for. In connection
with the subject of flames, I may reter, as a curiosity,
to the enormous volume of sound of different tones
which is produced by placing various sizes of chimneys
on a gauze burner consuming a mixture of gas and air.
The sound is as powerful, but certainly not so pleasing,

" as that of a fog horn. In all the experiments ordinary
air has been used to combine with the combustible
materials, air being composed of four parts of nitrogen
and one of oxygen. The nitrogen is quite inert, having
no power to combine. In fact, it does nothing except to
dilute the oxygen and reduce the temperature obtained.
If we remove the nitrogen, and use oxyen alone, the
combustion is far more rapid and intense. So power-
ful is oxygen alone, that substances which are supposed
to be incombustible, such as iron wire, burn readily in
it. If we take a glass vessel full of oxygen, which is
ordinary air with the useless nitrogen removed from it,
I can show that iron, which is not usually considered
a fuel, burns brilliantly in oxygen gas. In the combus-
tion of iron, magnesium, and other substances of
which the product is a solid, and not a vapor or gas,
flame proper never exists, although in the® combustion
of magnesium and zine it is apparently present. The
brilliant incandescence of the particles thrown off
causes a deceptive appearance. Flame never exists
except as the result of combination of two or more
gases or vapors. As a familiar instance of both forms
of combustion, there is no more striking example than
coke or charcoal, which, if burnt at once to carbonic
acid. burn entirely without flame. If the supply of air
is deficient, carbonic oxide is formed, which, being a
combustible gas, burns with a flame. When speaking
of the properties of flame, I am on the borders of the
unknown, and my experiments and knowledge of this
subject are very incomplete. The study is, to myself,
one of both business and pleasure combined, and I am
still studying experimentally the cold zone or space
which exists between all flames and cold substances to
which they are applied. If this cold zone can e
passed in practice, and the flames can be applied in
direct contact with the vessels to be heated, we shall
then obtain something approaching the full theoretical
duty of the fuel consuimned, and our waste of fuel will
drop to a very small fraction. In a paper which I had
the honor of reading before the Iron and Steel Insti-
tute, I referred to one problem in heating which, if
solved, would reduce our waste of fuel to zero, <. e., the
conversion of a large bulk of heat of low intensity to a
smaller bulk of heat of high intensity. This conversion
is possible with all other natural forces, such as light,
electricity, ete., and I believe it to be possible with
heat also, the only objection being, so far as I can see,
that we do not know how to do it at present. But i
have no doubt that the time will come when this
problem will be solved by some one, who will be re-
warded by both fame and fortune.*

PURIFICATION OF THE WATER
OF CITIES.}

By ALBERT R. LEEDS, Ph.D.

ACTING under instructions from the Aqueduct Boards
of Newark and Jersey City, I spent the past summer in
examining the water supplies of the large cities in
England and Scotland. any of these cities have
already passed through crises in the history of their
water supplies, similar to those at present agitating
American communities. Itis of the remedies which they
have adopted, and of the pressing needs of Philadelphia,
Albany, Newark, Jersey City, Wilinington, Washington,
and other places, that I propose to speak this evening.

Our modern manufacturing towns increase in popu-
lation with such rapidity that they soon find their
local sources of water supply insufficient in quantity,
and dangerous to health from pollution by sewage and
factory waste. Then follows a more or less prolonged
period of bitter controversy. It matters not how plain
the fact of gross pollution may be ; the fact is denied.
In case the chemical testimony agrees with that of the
senses, and water which is dirty, foul smelling, and bad
tasting is found by the chemist to be impure, his
honesty and ability are assailed. Either his results are
declared false, or it is asserted that they mean just the
reverse of what he himself says. Other experts are em-
ployed, and the local water supply, though it may con-
tain the sewage of 10,000 or 100,000 people, is joyfully
discovered to be extremely pure, and second in purity to
none in the country. But at last, after years of denial,
during which the public health has severely suffered, the
fact of pollution is admitted, and the community re-
sorts to one or more of the three following remedies :

1 It abandons local for remote sources, such as
springs, lakes, rivers, or areas of upland drainage.

2. It sinks artesian wells, or deep wells, or subter-
ranean galleries.

3. It purifies the lE)olluted local supply.

In the study of this subject, there is no source of in-
formation more valuable than the blue “coks contain-
ing the niinutes of inquiry before the Royal Commis-
sions of 1851 and 1868 upon the supply of Londoh. It is
there stated that at first London drew its supply directl y
from the Thames, where it flowed through tge town, at
London Bridge. This was in 1581, and a century later
(1691) the Thames was again drawn upon at Charing
Cross, and this intake remained in use as late as 1829.
Again, in 1723, the Chelsea Water Works were estab-

-
* From a recent lecture before the Manchester Technical School.
+A818%cture delivered before the Franklin Institute, Thursday, December
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lished,” and in 1785 those at Lambeth. While some
part of the water supply was derived from springs in
the chalk formation at Chadwell (brought in through a
canal called the New River, in 1618), and another part
from the river Lea (mtroduced by the East London
Water Works Company, in 1806), yet as late as the
vear 1829 the metropolis was principally supplied by
water taken from the Thames within the reach of the
tidal flow. But in 1829, a Royal Commission, consisting
of Telford, Brande, and Roget, was appointed to in-
quireinto ‘‘ the description, the quality, and salubrity »
of the water. They reported that ‘‘ the Thames water,
when free from extraneous substances, was in a state
of considerable purity; but as it approached the
metropolis it became loaded with a quantity of filth
which rendered it disgusting. It appeared, however,
that a very considerable part, if not the whole, of this
extraneous matter might be removed by filtration
through sand, and the commission decided that it was
perfectly possible to filter the whole supply with the
requisite rapidity and within reasonable limits of ex-
pense.”

Stimulated by this report, and alarmed, probably, at
the prospect of a sweeping change of the sources of
supply, the companies directed their attention to the
purification of the water by filtration. It was soon
found that the only appropriate material for mechani-
cal filtration on a large scale was fine sand ; but the
great practical difficulty was to prevent the sand from
becoming clogged, and to find an easy, practical, and
cheap method for its renewal. After long experimen-
tation, a means was discovered of getting over these
difficulties. It was found that by far the greater
quantity of the impurities was held in suspension
by the agitation and motion of the water, and that
if it was allowed to stand for some time at perfect
rest, in a reservoir, the heavier and grosser particles
were deposited by simple sulbsidence, leaving only a
small proportion of lighter and finer matters to be
dealt with by filtration. It was also found that when
the water was allowed to filter downward through a
porous bed of sand, held up in its place by underlying
layers of coarse gravel, the dirt did not penetrate into
its mass, but was stopped at its upper surface, so
that the whole cleaning operation necessary was to
serape this surface off to a slight thickness, and when
it hg,d become too much diminished, to put on fresh
sand.

In accordance with these suggestions, the first large
filter, which had an area of one acre, was put into use
by the Chelsea Comf)any, in 1829.* It worked well, so
well, indeed, that it led to the well-nigh universal prac-
tice of filtration in England. Our failure to do the
same in this country shows that in this respect we are
behind the age.

But about the time of this first use of filters in
England, the disturbing ideas of modern sanitary
science took their rise ; that unspeakable abomination,
the dowestic cesspool attached to a city house, began to
be abolished ; drainage and sewerage works were
established, and the amount of impurities carried to
and fro under London Bridge was increased enorm-
ously.

This agitation kept on growing, until, in the year
1834, the engineer, Mr. Telford, recommended that the
Thames should be abandoned. This was not done, but
in 1851 a Royal Coinmission, consisting of Profs.
Graham, Miller, and Hofmann, recommended that
while the supply should still be drawn from the
Thames, the points of intake should be removed above
the influence of tidal flow (¢. e., above Teddington
Lock). They made other recommendations, which
were incorporated into an act, passed in 1852, regulat-
ing the water supply of the metropolis. In this act, the
two clauses of greatest significance to us are, 1, that
every storage reservoir within five miles of St. Paul’s
should be covered ; and 2, that ail water supplied for
domestic use should be effectually filtered, unless it is
pumped from wells direct into covered reservoirs.

A mere statement of the law which was passed after
a quarter of a century of discussion by the most emi-
nent engineers, chemists, and law makers of England,
is amore emphatic testlmony to the fundamental im-
portance of the provisions therein contained than any
argument I am able to make.

This law led to certain results throughout England,
which I trust will become universal. These are :

1. The education of public opinion to such a point as
to demand sources of city water supply actually and
visibly free from pollution. The wealthiest communi-
ties, like Glasgow, Manchester, and Liverpool, have
deemed it a wise investment of great sums of money to
obtain sources absolutely free from suspicion and re-
proach.

2. The construction of large, and in some cases vast,
reservoirs, with the object, not merely of safety, but
also of allowing opportunity for the dissolved organic
matters to oxidize, or to be carried by subsidence along
with the suspended mineral matters to the botton.

3. Effectual filtration. And it should be noted that
when the act of 1851 required the London companies
to filter the water, under very heavy penalties, the
water referred to was that taken fromm the Thames
above Teddington Lock, which water the Commission
had previously found to be ‘‘perfectly wholesome,
palatable, and agreeable.” Still more striking instances
of the estimate put upon filtration as a process indis-
pensable to the excellence of city water supply were
frequently brought under my personal observation,
and some I shall mention later.

4. The preservation of the water, after it has been
filtered, in covered storage reservoirs.

The good effects of the act of 1851 speedily became
apparent. The water companies expended £2,500,000,
with the result, according to the exa,mmatlons of Pro-
fessor Hofmann .and Mr. Blyth, made in 1856, of bring-
ing about ‘“a very positive and considerable diminu-
tion in the amount of organic matter. This, though
doubtless due chiefly to the removal of the intake to a
point above the tldeway of the Thames, was also at-
tributed in great degree to the considerable improve-
ment which had taken place in the collection, filtration,
and general management of the supply of water.”

But, fortunately, the public was not satisfied. In
pursuance of the recommendations of the Royal Com-
mission of 1865 on the pollution of rivers, the admis-
sion of sewage or any other offensive or injurious
matter into the Thames, or into any tributary stream

* Royal Comm, Water Supply, 1868.
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or water course within three miles of its junction with
the Thames, was declared illegal, with heavy penal-

In 1866, 5,596 lives were destroyed in London by cho-
lera; and although this visitation was subsequently
attributed to the pollated water of the Ravensbourne
and the foul untiltered water from the reservoirs at
Old Ford on the River Lea, vet it so alarmed the com-
munity that the Commission of 1866 was appointed to
make a far more extended inquiry than ever before,
and to ascertain what supply of unpolluted and whole-
some water could be obtained. by collecting and stor-

water in the high grounds of England and Wales,
elt er by the aid of natural lakes or by artificial reser-
voirs, at a sufficient elevation for the supply of London
and the principal towns of England. Now, itis a well-
known fact that the recommendations of the very dis-
tinguished engineers came to naught, so far as London
was concerned, though they are at present bearing
fruit in connection with Manchester and Liverpool.

It is well worth our while to inquire why such was.
the case. Mr. Bateman’s plan was to bring the waters
collected from the drainage areas at the head of the
River Severn in Wales (including the drainage area of
the Vyrnwy) bz gravitation through an aqueduect 180
miles in length, and capable of conveying 230,000,000
gallons per diem. Messrs. Hemans and Hassard pro-
posed to bring the waters of Lakes Thirlmere, Ulls-
water, and Haweswater through conduits, tunnels, and
pipes equivalent in their carrying capacity to a river
30 ft. wide and 10 ft. deep, over a length of 270 miles.
These plans, which were considered the best, were re-
ported upon unfavorably, principally on account of
the cost, the estimated expense of Mr. Bateman’s
scheme being £55,100,000, and that of the Cumberland
Lake scheme still greater.

This report decided the future supply of the metropo-
lis, and confined it to local sources. The supply from
Lake Thirlmere has already been appropriated by the
city of Manchester. The water will be brought in a
tunnel 9 ft. square to the reservoirs at Prestwich, on
one side of Manchester, a distance of 95 miles, and con-
tinued thence to reservoirs on the other side of Man-
chester, a distance of 110 miles. Mr. Hill, the engineer
of the new supply, informed e that the first 10,000,000
gallons are estimated to cost £2,000,000, inasmuch as
the tunnels of full size are to be constructed at once,
and connected by a 40 in. iron pipe where siphons are
necessary. The second ten million gallons are esti-
mated to cost only £400,000. The land damages to per-
sons living around the lake and along the tunnel are
£225,000.

The supply from Vyrnwy Lake has been appro-
priated by Liverpool. This artificial lake is to be
created by a dam, which, at its top, will have a length
of 1,178 ft., and will rise to a height of 144 ft. above
the bed rock and 84 ft. above the bed of the existing
river. Itslength will be 43 miles, its area 1,165 acres,
and its greatest depth of water about 84 ft. The
aqueduct from the lake to the existing Prescot Reser-
voir, nine miles east of the Liverpool Town Hall, is 68
miles. It will consist mainly of tunnels, through
which the ultimate supply of 40,000,000 gallons a day
may be passed without filling themn, and of three lines
of pipes, each having an internal diameter varying ac-
cording to the fall of the sections from 39 in. to 42 in.
All this water from the Welsh mountains will be sub-
jected to filtration through sand filters, the Oswestry
reservoir and the three reservoirs for filtered water
having an aggregate storage capaeity of 54,549,500
gallons.

In one very important particular, the Commission of
1866 was certainly in error. It thought a probable in-
crease of population to 4,500,000 or 5,000,000 would
have tobe provided for, and a maximum daily supply
of 200,000,000 gallons, though the time for such an ex-
tended provision would be very remote. Asa matter
of fact. the population supplied by the companies in
May of this year was 5,274,542, and the average daily
supply during the month was 160,388,316 gallons. Of
this, more than half, or 82,366,466 gallons, came from
the Thames, and the balance from the River Lea, and
from certain chalk springs in the valleys of the Lea
and Thames, and from twenty-one deep wells sunk
into the chalk formation to the north and south of
London. There are fifty-four subsiding reservoirs for
unfiltered water, with an area of 465 acres, and an
available capacity of 1,290,100,000 gallons, and fifty-
three covered reservoirs for storage of the water after
Siltration, with a capacity of 160,002,000 gallons. The
number of filter beds is ninety-nine, with an area of 98
acres. Of this surface, 92 acres were cleansed during
the month of May, some of the filter beds being
cleansed once and partly gone over again during the
month. The maximum permissiblerate of filtration is
2 ft. per hour and per square foot of surface, but, as a
matter of fact, the actual rate in the month of May
last was generally much smaller than this, some filters
passing only 13 ft. The construction of the filters
varies greatly, the top layer, however, being in all cases
fine sand, in depth from 2 ft. to 414 ft.

From the published analyses, it appears that the
quality of the water supplied to London is usually
satisfactory, though at times results are obtained ad-
verse to that portion of it which is derived from the
Thames. The population of the drainage area of- the
Thames is very large, and although the towns located
therein are compelled to purify their sewage, yet much
polluting material from them and from the floating
population on the river finds its way into the river.;

eaving, for the present, the history of the largest
experiments hitherto made in the way of purification
of a polluted water supply, I shall ask your attention
more particularly to the methods by which such puri-
fication may be effected.

Artificial Aeration.—One of the easiest and most in-
expensive methods of immproving the quality of water
is by means of artificial aeration. The importance of
natural aeration has been recognized from time im-
memorial, and the effect of tumbling down natural
falls and rapids, passing over artificial dams, and of
agitation by winds and storms, in keeping water lively
and sweet, is too well known to need more than passing
mention. It is of especial interest to us that this mode
of improving water was first applied to city water
supply in consequence of the extremely offensive taste
and odor of the Schuylkill water in January and Feb-
ruary, 1883. The fact that the analyses revealed the
presence of a large amount of sewage in the Fairmount
water did not explain its peculiar offensiveness at that
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season, for there have been times, before and since,
when it contained even more sewage and was not so
unpalatable. But it appeared to. me very noteworthy
that the oxygen which ought to be present in a state
of solution was largely deficient. . Much of it had been
used up in the oxidation of the sewage, and the river,
being ice bound from its source to Fairmount Dam,
had no opportunity of taking from the atmosphere
sufficient oxygen to replace that which had been lost.

Reflecting upon these facts, I thought it worth while
to try the effect of submitting the disgusting samples
from Fairmount Pool to artificial aeration. I found
that they not only took up from the air forced through
them the oxygen they lacked, but also that much of
the sewage to which their offensiveness was due was
destroyed. These experiments suggested to me the
idea of pumping air into the lower ends of the mains
at the pumping stations. This way of introducing the
air was not only the easiest and simplest, but it also
afforded an opportunity of placing the mixture of air
and water under a maximum pressure. Air, as is well
known, consists of twenty-one parts by volume of oxy-
gen and seventy-nine parts of nitrogen; but the oxy-
gen is more soluble in water than the nitrogen, and,
therefore, the greater the pressure to which a mixture
of air and water is subjected, the larger is the relative
amount of oxygen made to enter into solution.

The study of the subject received fresh impetus from
the condition of the water supply of Hoboken in the
latter part of July, 1884. At that time, the oxygen in
a number of samples from the Hackensack River,
whence the supply of Hoboken is derived, fell to 3-87
c. c. per liter, and the total dissolved gases to 1493 c. c.
Contemporaneously, the same waters, when impounded
in the reservoir, became covered with a scum several
inches in thickness, consisting largely of Oscillaric.
These quickly died, and yielded up a dark blue color-
ing matter (the Phococyan of Cohn). Finally, this
great accumulation of vegetable growth passed into a
state of active decomposition, attended with the forma-
tion of white foam and the liberation of large volumes
of carbonic acid and other gases. The water for ten
days previous had been too nauseous to drink, but the
whole succession of phenomena above deseribed took
place within twenty-four hours, the vast development
of alge, their breaking up with evolution of green and
blue coloring watter, and their final decomposition oc-
curring with astonishing rapidity. The entire reservoir
had the appearance of an enormous dyeing vat, cov-
ered with dark green and blue dyestuffs.

A repetition of the same disastrous sequence of
events was threatened on September 14, when the per-
centage of dissolved oxygen fell to four cubic centime-
ters, and at the same time a growth of alg® began in
the reservoir. But meanwhile arrangements had been
perfected in anticipation of this catastrophe, and by
pumping air under pressure into the mains, the per-
centage of total dissolved gases was raised from 159
cubic centimeters to 21:2 cubic centimeters. The green
scum on the reservoir disappeared, and the taste and
smell of the drinking water became satisfactory.

In November, 1884, a preliminary experiment was in-
stituted at the Fairmount Pumping Station, an air
pump being attached to the main at that point. The
aerated water was pumped into the Corinthian Basin
through the forty-eight inch main, a distance of 3,000 ft.
The results of this experiment were so encouraging that
the Chief Engineer, Col. Ludlow, obtained air com-
gressors for all the pumping stations. At only one of

hem, however, has the process been applied, namely,
at Belmont, the other mains being too leaky to permit
of its being used.

At this station, the water has been charged with
twenty per cent. of its volume of air, and the change in
composition thereby effected is strikingly illustrated in
the following results, which give the composition of the
water before it enters the pumping main, and as it is

discharged therefrom:
PARTS PER 100,000.

——

Eon-aerated. Acrated.

Free ammonia.......c.cveeenee. 0-017  0°004
Albuminoid ammonia........... 0-011 0°007
Oxygen required to oxidize or-

ganic substances.............. 0133 0117
Nitrous acid ....c.ovvvtivennn.. 0°0008 none
Nitricacid........oveee vonrrnen 045 054
Total solids. .ee ceveee venrnans 900 870

It will be seen that the albuminoid ammonia has
diminished nearly forty per cent. ; and, what is the
most noteworthy feature of all, the nitrous acid has
undergone complete oxidation, none being present in
the aerated sample. At the same time, by oxidation of
the nitrogenous portions of the organic matter, the
nitric acid has been increased twenty per cent. ; and by
oxidation of the organic constituents in general, the
total solids have been diminished from nine parts per
100,000 to 87 parts.

The process has now been applied to the entire water
supply of Hoboken, amounting to 4,000,000 gallons per
diem, for more than two years, and during this time
the unpleasant taste which caused its first application
has never reappeared.

Similar experience in Brooklyn has caused the pro-
cess to be used in connection with the water obtained
from driven wells. This driven well water has been
used in the Greenwood Cemetery to feed a number of
artificial lakes arranged to beautify the grounds. Last
summer, I was asked to examine the waterin the reser-
voir into which the driven well water is first pumped and
to devise a means if possible for preventing the enormous
growth of plants therein. The growth, on examination,
proved to be diatomacez, particularly of the species
Navicula viridis, and the green vegetable substance
which by its decay rendered the water offensive was
the slime secreted by these diatoms. Two facts were
prominent. The one was that the diatoms could be
made to grow very rapidly when exposed in open jars
to sunlight ; the other, that the weter of the reservoir
was very deficient in dissolved oxygen. It contained
only 232 cubic centimeters of oxygen in the liter, and
the enormous amount of 4'97 cubic centimeters of car-
bonic acid. I advised the covering of the reservoirs to
exclude sunlight. The authorities were opposed to so
doing, because it destroyed the very result aimed at in
providing the reservoir and ponds, which was to

beautify the park. Then I advised the use of an air':

compressor. This was installed, and the result is given
in the following letter from the consulting engineer :

November 27, 1886.
DRr. ALBERT R. LEEDS :

Dear Sir: In answer to your inquiry concerning
the trouble at the Greenwood Cemetery reservoir, 1
would state that the water, fresh from driven wells
when delivered into the reservoir, began to develop
decaying vegetation, which in a short time rendered
the water offensive to taste and smell ; that immedi-
ately on receipt of your report and recommendation,
last June, I set up an ordinary compressor, and pumped
air into the mains under a pressure of about eighty
pounds to the square inch, allowing it to escape
through the reservoir, with this result: At first there
was no perceptible effect, but upon increasing the
amount of air supplied to the water to the extent of
about ten per cent. of the free air to an equal volume
of water, the trouble in the reservoir disappeared.
Since that time air has been freely supplied whenever
there appeared to be any recurrence of the growth of
vegetation in the reservoir, and there has been no return
of the offensive taste and smell.

Respectfully submitted,
CHAS. B. BRUSH,
Con. Eng. Greenwood Cemetery.

Covered Reservoirs.—In May of this year, the water
from the driven wells supplying the city of Jamestown,
in Western New York, was similarly affected, the reser-
voir containing several species of diatomacesz, among
which the Cocconema lanceolata was the most abun-
dant. Certain of the protoccaces, especially various
species of Scenedesmus and certain genera of Zygne-
maceee, including different species of Spirogyra, were
also present. Tie water in the driven wells (May 22)
had a temperature of only 48° but that in the reservoir
was over 80°, and the development of the spores in the
deep well water was correspondingly rapid. The sug-
gestion to cover the reservoir was carried out in this
case, and the aquatic plants disappeared. Similar
troubles, and the development of a variety of odors
chronicled as ‘‘fishy,” ‘ pig-pen,” ‘ cucumber,” and
the like, have been reported as affecting, at one time
or another, the water supplies of most of our towns.

There is good reason to suppose that these complaints
will continue as long as water, which on standing has
lost much of its dissolved oxygen and has become stag-
nant, is exposed to our burning suns and allowed to
rise to a temperature of 70° and upward, in uncovered
reservoirs. Either it should be covered, so as to ex-
clude light, and kept cool, or, if its temperature is
allowed to rise above 70° and it is exposed to the sun, it
should be charged with air and kept moving.

Storage and Subsiding Reservoirs.—The develop-
ment of aquatic growth, and the nauseous tastes and
smells arising from its decay, have probably had a dis-
couraging influence upon the construction of large
subsiding reservoirs in our own country. In many
cities, as in New York and Philadelphia, the small
storage capacity has been for years the cause of most
serious apprehension. The new works now in progress
in connection with the Croton Aqueduct will, it is
hoped, overcome this danger so far as New York is
concerned. I noted, however, with great interest, that
Mr. Worthen, in the course of his examination before
the commission charged with providing a more abund-
ant supply for the metropolis, made the significant re-
mark, in relation to the great new reservoir at Quaker
Dam, which will hold 3,600,000,000 gallons, that stag-
nant water would not keep. In England, this difficulty
is sometimes, though rarely, encountered. Iasked Mr.
Wood, the City Engineer of Leeds, whether the English
reservoirs are injuriously affected by vegetation. He
said that trouble from this source seldom occurred, but
when it did occur it was owing to the growth of the
American weed. The particular kind of weed he re-
ferred to was not so common as its name would appear
to indicate, and I never saw it. The great benefit due
to storage and subsidence was strikingly exemplified in
the case of the city above referred to. Its watersupply
is taken from the drainage area of the small river
‘Washburn, at a distance of about ten miles from the
gity. On this stream are located three impounding
reservoirs, and their waters are carried by gravity into
the Eccup Reservoir, an artificial lake a mile long and
holding 1,400,000,000 gallons. This supply, without
addition, is adequate for the consumption of 10,000,000
gallons per diem for nearly five months. But this
safeguard is only a part of the advantage due to the
large size of the reservoir. For the water is made to
enter at the bottom near the great dam forming one
end of this artificial lake, and fifty-two feet below the
surface. It then travels the entire length of the lake
and is taken out by a bell supported on masonry piers,
the lip of the bell being 15 feet below the surface and
23 feet above the bottom. During its months of pas-
sage, not only nearly perfect sedimentation of earthy
particles occurs, but by a process of natural oxidation
the peaty color is bleached out. Though such is the
case, all the water is subsequently filtered, seven filter
beds being adequate, and finally stored in covered
reservoirs. These reservoirs are made with inverts of
masonry, upon which walls are built, capped by arches,
the latter being covered with earth and handsome
lawns. ’

It is not improbable that the difficulties which we
encounter in America from the long-continued heat of
summer may lead to remedies appropriate to our
peculiar needs. I have already alluded to the advan-
tage derived from first bringing the percentage of
oxygen to the highest possible pointin delaying or pre-
venting that condition of oxygen-poverty, with its re-
sultant growths, which we recognize as stagnation. Dur-
ing the warmer months, reservoirs could be provided
with such a covering as might be thrown out of use when
winter came on, with the accompaniment of erushing
weights of snow. I saw at Manchester, Bradford,
Buxton, and many other towns in England, subsiding
reservoirs arranged to effect a subsidence of the sludge
or coagulum which is produced when town sewage is
treated with lime. These reservoirs are built with
vertical partitions, so that the water flows over the top
of the first and under the bottom of the second, and
over the top of the third, and so on through sometimes
as many as twelve compartments. Where the town
sewage does not contain dye-stuffs, as at Buxton, the
water coming out of the last compartment is frequently
as sparkling as spring-water. The construction of
subsiding reservoirs for water storage in a similar
manner would facilitate cleansing, inasmuch as the
greater part of the silt would be deposited in the first
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and second compartments, and a constant onward
movement of the water without a disturbing current
would be obtained, permitting of subsidence, while at
the same time preventing stagnation.

Filtration.—Up to the present time, no material has
been found which is practically available for filtration
on a large scale, except fine sand. Sponge, coke, ani-
mal and wood charcoal, porous brick, carbide of iron,
spongy iron, and many other materials have been tried,
but with the result as above stated. When metallic
iron is used, excellent results are obtained, through its
chemical action as a carrier of oxygen to the organic
madtters, which are thereby oxidized and destroyed, but
the water even then must be subsequently filtered
through sand.

Until quite recently, it has been supposed that the
main benefit of sand filtration is in the removal of sus-
pended mud and dirt, the amount of organic impurities
thereby removed being small. But since Pasteur
discovered that the micro-organisms, which are sup-
posed by some to be the specific germs of disease, may
be completely arrested by filtration through a thin
porous plate, a great revolution of opinion has been
effected. In his report for the month of May last, Dr.
Frankland states that the unfiltered Thames water
yielded by the method of gelatine-peptone culture
4,800 colonies of microbes per cubic centimeter of
water. After passage through sand filters at Chelsea,
it yielded only fifty-nine colonies, and through those of
West Middlesex only nineteen colonies. This is indeed
astonishing, and the more so when the remarkably
pure water in the deep chalk-wells of Kent yielded
eight colonies, and the same water by the time it
reached its point nf supply had increased in its number
of micro-organisms until 101 colonies were obtained in
the culture liquid.

At the present time, American engineers regard it
impracticable to introduce the English system of sand
filters, on account of the great expense of operating
them. This has been variously estimated at from
$2.50 to $5 per day for each million gallons filtered,
exclusive of first cost and interest. Such being the case,
I need not go into a statement of the reasons why the
few which have been actually brought into use in this
country have been so little successful. The conviction
appears to be generally entertained that American
ingenuity must discover some method by which
mechanical arrangements may take the place of the
cumbrous English system, and dispense with the very
considerable manual labor required in -cleansing.
Many contrivances have been brought forward, but
they are crude, or have complicated systems of pipes
for reversals of the current, or are wasteful in the use
of filtered water for cleansing. Recently, however, an
extremely simple device has been proposed, which is
yielding excellent results. As is well known, the effi-
cient part of a filter bed is the top layer of sand, which
need not be more than two feet in thickness. At
Poughkeepsie, on the Hudson River, this two feet of
sand rests on four feet of gravel and stone, which are
provided merely to support the sand and to afford
channels for the filtered water to drain away. 'This
gravel and stone are replaced in the device I have
alluded to, the National filter, by a system of double
pipes which are perforated and the annular space
between the perforated pipes filled in with fine quartz
gravel. The filtered water runs out through these
double pipes, while the sand is arrested. By another
simple arrangement, the manual labor requisite to
clean the deposit of dirt from the upper surface is dis-
pensed with. A system of perforated pipes is laid at a
distance of six inches below the surface. - When it is
necessary to cleanse the filter, a reverse current of
filtered water is sent upward under pressure through
these pipes, and the impurities are washed off and
floated away.

Damage by Waste.—The statistics of water distribu-
tion in our American cities show that from one-third to
one-half of the water is wasted, not used. Less im-
portance seems to be attached to dirty and unwhole-
some water, provided there is enough of it, than to
controlling dishonest waste and expending the money
thus saved in improving the quality of the supply.
Until such waste is stopped by metering and fines,
there will be little popular sympathy or support for
movements intended either to purify and filter the
water at present used, or to go ninety miles to get
water, one-half of which will subsequently be thrown
away.—J. F. L.

THE SYMPATHETIC NERVOUS SYSTEM.*
By WALTER H. GASKELL, M.D.

THE lecturer commenced by giving a short sketch of
Bichat’s views of the division of life into organic and

1animal life, and pointed out how that division natu-

rally led to the conception of two separate central ner-
vous systems, the one, the sympathetic, to which all
the organic functions are to be referred, the other, the
cerebro-spinal, regulating the animal functions. He
then pointed out how Remak’s discovery of a special
kind of nerve fiber—the non-medullated nerves—asso-
ciated only with the ganglia of the sympathetic systen,
tended strongly to confirm Bichat’s teaching of the
existence of two separate central nervous systems in
the human body, each of which communicated-with
the other by means of its own special kind of nerve
fibers ; the cerebro-spinal supplying the sympathetic
system with white medullated fibers, and the sympa-
thetic supplying the cerebro-spinal with gray or gela-
tinous non-medullated fibers. He then continued as
follows :

Even at the present day the teaching of Bichat still
very largely holds its ground. It istrue that the ten-
dency of modern physiology is to increase the number
of centers of action for the organic nerves, which exist
in the cerebro-spinal central axis, and therefore to do
away with the necessity for a separate independent
sympathetic nervous system, yet the automatic actions
of isolated organs such as the heart, and the existence
of special nerve fibers in connection with this system,
still induce the newurologists of the present day to place
the sympathetic nervous system on an equality with
the brain or spinal cord. In this lecture to-night I
hope to give the death blow to Bichat’s teaching, and
to prove to you that the whole sympathetic system is
nothing more than an outflow of visceral nerves from

* Abstract of lecture at the Royal Institution, on June 4, 1886, by
Walter H. Gaskell, M.D., M.A., F.R.S.—Nature.
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certain nerve centers in the cerebro-spinal system, the
ganglia of which are not confined to one fixed position,
as is the case with the glanglia of the posterior roots,
but have traveled further away from the central axis.

I do not propose to-night to deal with the argument
for the independence of the sympathetic nervous sys-
tem, which is based upon the automatism of such
isolated organs as the heart. I havealready in various
papers given the reasons and arguments why I look
upon such automatic movements as due to the auto-
matism of the cardiac muscular tissue rather than to
any action of nerve cells comparable to the nerve cen-
ters of the spinal cord. I shall deal entirely with the
anatomical argument, and show you step by step how
the nerve fibers which constitule the sympathetic
systemn can be traced to their origin in the central cere-
bro-spinal axis.

Evidently, in endeavoring to determine by anatomi-
cal means whether the sympathetic and cerebro-spinal
systems are in reality independent of one another, our
attention must necessarily be especially concentrated
upon the nature of the connecting link between the two
systems, ¢. e., upon - the nature of the rami communi-
cantes. Largely owing to the preconceived notions of
anatomists, you will find that the rami communicantes
are arranged symmetrically in connection with all the
spinal nerves of the body. In reality this is far from
being the case. The rami communicantes of the tho-
racic nerves differ fromn those above thein, 7. e., of the
cervical nerves, and from those below them, <. e., of the
lumbar nerves, in two important particulars. In the
first place, the corresponding sympathetic ganglion is
connected with each thoracic nerve by two rami com-
municantes ; and secondly, these two rami differ in
color, one being gray, <. e., composed almost entirely of
non-medullated nerves, and the other white, 7. e., com-
posed essentially of medullated nerve fibers.

This double nature of the ramus communicans is
confined to the region lying between the two large
plexuses which supply the anterior and posterior
extremities, viz., the brachial, lumbar; and sciatic
plexuses; the rami communicantes to the lower cervi-
cal and first thoracic nerves, as well as those to the
nerves forming the anterior crural and the sciatie, are,
on the other hand, single, and are composed only of
gray rami. In other words, the sympathetic chain is
connected with the central nervous system by means
of white rami communicantes only between the second
thoracic and second lumbar nerves.

Further, I have been able to trace both the white
and gray rami in their journey to the spinal cord by
means of consecutive sections of osmic acid prepara-
tions, and have found that the gray rami pass out of
the sympathetic ganglion as a single nerve, and then
ramify in the connective tissue about the vertebral for-
amina, a portion only reaching the spinal nerve trunk;
the gray fibers of this portion pass mainly along the
nerve peripherally ; the few which pass centrally never
reach the spinal cord, but pass out with the connective
tissue which lies in between the medullated nerve
fibers of the anterior and posterior roots, to ramify
over and to supply the blood vessels of the various
membranes which inclose the spinal cord.

In fact, the gray rami communicantes are peripheral
nerves, which partly supply the vertebre and the
membranes of the cord, and partly pass to their desti-
nation in the same direction as the efferent fibers of
the spinal nerve itself.

So far then I come to these conclusions :

(1) The sympathetic does not send non-medullated
fibers into the cerebro-spinal system, because these
fibers-all pass out of the nerve roots before they reach
the spinal cord.

(2) White or medullated nerve fibers constitute the
only link between the sympathetic and cerebro-spinal
systemns, constituting the white rami communicantes.

(3) Consequently the connection between these two
nervous systems is limited to the region of white rami
communicantes, <. e., to the region between the second
thoracic and second lumbar nerves.

Further, these conclusions are borne out when we at-

tempt to follow the white rami communicantes into
the central spinal axis by means of their structural
peculiarities ; sections of osmic preparations show that
each white ramus is composed chiefly of very small
medullated nerve fibers, varying in size from 1'8 u to
to 3'6 1, very much smaller, therefore, than the large
medullated nerves which form the bulk of the anterior
roots of the spinal nerves, these latter varying between
14 u to 20 £ or even larger. Clearly then the fibers of
the white ramus communicans ought to show very
conspicuously among the large fibers of the anterior
roots whenever they are present in those roots. I have
cut sections of the anterior roots of all the spinal
nerves in the dog, and have found, as I show you on
this screen, that these very fine medullated nerve
fibers make their appearance for the first time in the
anterior roots of the second thoracic nerve; they are
found in large quantities in all the anterior roots
between the second thoracic and second lumbar, and
then again the anterior roots immediately below the
second lumbar are free from such groups of very fine
fibers. We see then that exactly corresponding to the
presence of white rami communicantes in the thoracie
region we find groups of characteristic fine medullated
fibers existing in the anterior roots, fibers which clearly
form part of the white ramus communicans, and con-
firm by their presence the conclusion already arrived
at, viz., that the nerves which pass from the spinal
cord into the sympathetic system are limited to the
thoracic region of the cord.

We can now go a step further, and argue in the
reverse direction that the presence of groups of these
very fine medullated fibers in the anterior roots of any
nerve implies the existence of nerve fibers belonging to
the same system as the white ramni communicantes or
rami viscerales, as we may now call them. Examina-
tion shows how just isthis argument, for I find that
the same groups of fine nerve fibers suddenly appear
again in the anterior roots of the second and third
sacral nerves, and can be traced into that well known
nerve which passes from the second and third sacral
nerves into the hypogastric plexus to supply the rec-
tum, bladder, and reproductive organs ; a nerve, there-
fore, which may be looked upon as the white ramus
communicans of the sympathetic ganglia which form
the hypogastric plexus.

Again, in the cervical region, although such groups
of fine fibers are absent from the anterior roots of all
the cervical nerves, yet they form a conspicuous part

of the upper roots of the spinal accessory nerve, and
upon tracing them outward I find that they separate
entirely from the large fibers of the accessory which
forms its external branch to pass as the internal branch
into the ganglion trunci vagi (Fig. 2). Here, then, we
see in the upper cervical region that the internal
branch of the spinal accessory nerve is forimed on the
same plan as a white ramus communicans, the ganglion
belonging to which is the ganglion trunci vagi.

Among the cranial nerves we find, especially in the
vagus, glosso-pharyngeal, and chorda tympani, groups
of fine nerve fibers belonging to the same system. We
can therefore say that the communication between the
so-called sympathetic and cerebro-spinal systems is not
symmetrical throughout, but consists of three distinct
outflows of characteristic visceral nerves, viz.: (1) cer-
vico-cranial ; (2) thoracic ; (3) sacral ; the break of con-
tinuity corresponding to the exit of the nerve plexuses
which supply the upper and lower extremities.

Fi1a. 1.—Diagram of section of spinal cord to show the
various groups of nerve cells in the gray matter,
and the formation of a spinal nerve with its sym-
pathetic ganglion. 1. Cells of posterior horn and
somatic sensory nerves. 2. Cellsof Clarke’s column
and ganglionated splanchnic nerves. 3. Cells of
lateral horn and non-ganglionated splanchnic
nerves. 4. Cells of anterior horn and somatic
motor nerves. 5. Solitary cells of posterior horn
and splanchnic sensory nerves.

These medullated visceral nerves then pass out from
the central nervous system into the various ganglia of
the sympathetic, and it is possible that these latter
ganglia bear the same kind of relation to them as the
ganglia on the gosterior roots bear to the sensory
nerves. Before, however, we can accept this view, it is
absolutely necessary to account for the non-medullated
nerves which arise from the sympathetic ganglia. Now
it is hopeless to follow, by anatomical means, any
special nerve fiber through the confusion of a ganglion.
‘What we cannot effect by anatomical methods we can
by physiological. If we find two nerves, one of which
enters a ganglion and the other leaves it, and we find
their function absolutely the same on both sides of the
ganglion, we have a perfect right to conclude that we
are dealing with the same nerve in different parts of
its course. Thus, in the case of the posterior root
ganglion, the same sensory nerves are found on each
side of the ganglion, although they are in connection
with nerve cells of the ganglion itself.

So also with the sympathetic ganglia : we know, for
instance, that the nerves which increase the rate and
strength of the heart’s beat pass to the ganglion stella-
tup along the rami communicantes of the second and

Geangl, brwacs

/ Hypo. ==

/Sz\pl n.aceess.
[ Exttranci

Fie, 2.

following thoracic nerves, and we know also that the
same nerves pass to the heart from the ganglion stella-
tum, from the annulus of Vieussens, and from the
inferior cervical ganglion. Now, seeing that these
nerves are known to pass out of the cord in anterior
roots, and from thence into the white rami communi-
cantes of the upper thoracic nerves, it follows that they
are medullated in this part of their course, and are to
be found among the bundles of very fine medullated
nerves which we have seen are characteristic of the
anterior roots of this region and of the white rami
communicantes.

We can then say with certainty that the accelerator
nerves enter the ganglia stellata as fine white medul-
lated nerves. I am also able tosay with absolute cer-
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tainty that the accelerator nerves in that part of their
course which lies between the chain of sympathetic
ganglia and the heart are entirely composed of non-
medullated fibers. I know no other bundle of nerve
fibers which is so absolutely free from medullated
nerves ; in other words, nerve fibers of the same funec-
tion enter a sympathetic ganglion as white medullated
fibers, and leave it in increased numbers as gray non-
medullated nerves.

Throughout we find the same fact—all the vasomotor
nerves behave in exactly the same manner as the accel-
erators of the heart. In all cases the non-medullated
fibers of the sympathetic are simply the fine medullated
visceral nerves which have passed from the spinal cord
in one or other of the three visceral outflows and lost
their medullary sheath in their passage through the
ganglia of the sympathetic system ; together with that
loss of medulla they have increased in number by
division.

Seeing, then, that the non-medullated (so-called sym-
pathetic) nerve fibers are throughout modified medul-
lated (so-called cerebro-spinal) fibers, and do not,
therefore, arise in the sympathetic ganglia, we may
fairly look upon the sympathetic ganglia as bearing
the same kind of relation to the visceral nerves
that the ganglia of the posterior roots bear to the
ordinary sensory nerves. This conception is remark-
ably confirmed by the observations of Onodi, who has
shown that the ganglia of the sympathetic are devel-
oped in close connection with the posterior root
ganglia, and travel further away from the central axis
as the animal grows.

Finally, the meaning of the sympathetic as a simple
outflow of ganglionated visceral nerves from certain
portions of the spinal cord and medulla oblongata is,
to my mind, conclusively settled by the intimate re-
lationship which exists between the structure of the
spinal cord and the presence or absence of rami visce-
rales. In the gray matter of the spinal cord we find, as
shown in the accompanying diagram, certain well de-
fined groups of nerve cells, viz., @, a group of large
nerve cells in the anterior horn (4 in Fig. 1) ; these are
known to be the origin of ordinary motor fibers (4) ; b,
a group of nerve cells (8) split off from this and forming
the lateral horn; ¢, a group () known as Clarke’s
column ; and d and e, two sets of nerve cells (4) and (5),
in the posterior horn connected with seunsory nerves.
All these groups of nerve cells are found along the
whole length of the spinal cord, except those of Clarke's
column. Their connection with nerve fibers of differ-
ent functions is known, except those of Clarke’s col-
umn. Thus both sets in" the anterior horn are con-
nected with ordinary motor nerves ; both sets in the
posterior horn with ordinary sensory nerves. Now,
Clarke’s column is limited to certain definite regions of
the cord, being] conspicuous: first, between the sec-
ond thoracic and second lumbar nerves ; secondly, at
the top of the cervical region and extending into the
cranial region ; and, thirdly, an isolated patch in the
sacral region. In other words, its cells correspond
exactly in position to the distribution of the white rami
communicantes, so that, corresponding to the variation
of this cell group, we find variations of the number of
very fine medullated fibers in the anterior roots, and
we find corresponding variations in the white rami
communicantes, which latter, as I have told you, are
the only true connections of the cerebro-spinal nerve
center with the sympathetic. In other words, we have
driven home to their origin these visceral nerve fibers,
and we find that they do not arise from any nerve cells
outside the brain and spinal cord, but from a definite
nerve group within the spinal cord. -

We can, I think, go further than this, and say, with
Bichat, that two nerve systems do exist—the one for
organic, and the other for animal life. These two,
however, are not separate and distinet, but form parts
of the same central nervous system. Looking at this
diagram of the upper cervical region of the cord, we
see that the voluntary striped muscles may be divided
into two groups, according to theirnerve supply, viz., a
group supplied by the anterior (4), and one by the
lateral horn of nerve cells (3), and we know also that
these two groups of nerve cells separate from one
another more and more as we pass into the brain
region. So that we find for the muscles of the face a
distinct separation of two groups, viz., (1) those which
move the eyes and the tongue—these are supplied by
nerves which arise from the continuation of the an-
terior horns; and (2) the muscles of expression and
mastieation, the nerves of which arise from the contin-
uation of the lateral horn ; and remembering how the
smile, the laugh, and the snarl, as well as the action of
swallowing, are at the bottom only modified respiratory
movements, we see that Charles Bell was not so far
wrong when he inserted a lateral or respiratory system
of nerves in between the anterior and posterior roots.
This insertion is actually to be seen at the upper part
of the cervical cord (Fig. 2), where a separate nerve is
formed by elementsjwhich arise laterally, known as the
spinal accessory ; and what is most striking is this fact,
that in this region the fine medullated fibers (2 in Fig.)
are found only in connection with these lateral motor
nerves, and not with the anterior motor, so that not
only do these lateral or respiratory tracts supply
special muscles with motor nerves, but these motor
nerves have a closer relationship to the visceral nerves
than other motor nerves. What is true of the upper
cervical region is true also of the medulla oblongata.
Here, again, the visceral fine medullated nerves are
closely connected with the motor fibers which arise
from the lateral horn, e. g., the chorda tympani and the
facial. Undoubtedly this particular group of muscles
has some closer relationsnip to the viscera than other
trunk muscles, and that relationship 1s explained
immediately if we can accept and extend Van Wijhe’s
investigations, viz., that in the cranfaf region the mus-
cles which are supplied by the-third, fourth, sixth, and
twelfth cranial nerves are derived from the myotormes,
while the muscles-supplied by the seventh and fifth
cranial nerves are derived from the lateral plates of
mesoblast. .

In fact, we may look upon the body as composed of
two parts—an outside or somatic part, and an inside or
splanchnic part. Each part has its own system of vol-
untary muscles ;-each part is supplied by nerves ar-
ranged on the same plan, viz., a ganglionated and non-
ganglionated portion ; and each part has its own indi-
vidual centers of action, the inside portion of the gray
matter of the spinal cord containing the centers for the
splanchnic roots (2, 3, 5, in Fig. 1), <. e., the centers of
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organic life ; the outlying horns the centers for the so-
matie roots (1 and 4), <. e., centers for the aniual life. It
is a strange and suggestive fact that these two sets of
centers are not arranged symmetrically along the spi-
nal axis, but that two great breaks occur in which the
centers of organic life fall into the background in com-
parison to those of animal life. These two great breaks
correspond to the origin of the nerves for the legs and
arms, and suggest that the formation of the limbs in
the originally symmetrical ancestor of the vertebrata—
4. e., the large outgrowth of somatic elements in two
definite portions of the body—caused of necessity a
corresponding increase in the centers for animal life,
while there was no necessity for a corresponding
increase in the centers for organic life. The oldest
part of us is undoubtedly the vital part; those organs
and their nervous system by which the mere act of ex-
istence is carried on. With these two there may have
been foriginally a symmetrically segmental arrange-
ment of locomotor organs. Such symmetry, however,
went for good when it was found more convenient to
concentrate the locomotor machinery into the anterior
and posterior extremities, and with the asymmetrical
arrangement of the locomotor organs disappeared also
the symmetry of the central nervous system. This
correspondence between the plan of the central nerv-
ous system and the development of the extremities is,
to my mind, strongly in favor of the view which
have put before you to-night. In conclusion, I thank
you for the kindness with which you have listened to
me, and hope that I have succeeded in convincing you
that Bichat'’s teaching of an independent sympathetic
system is finally dead.

[Continued from SuPPLEMENT, No. 582, page 9299.]

ASTRONOMICAL TELESCOPES: THEIR OBJECT
GLASSES AND REFLECTORS.
By G. D. Hiscox.
1II.
REFLECTING TELESCOPES.

THE silver on glass reflectors of the Newtonian form
are considered the best for amateur practice.

The glass for such telescopes may be good clear plate
of 3{ in. in thickness for a five inch reflector and under
and 1inch in thicknessfor 6 in. 7 in. and 8 in. reflectors.

These may be obtained from the dealers in plate glass
in squares. and in some establishments cut with a
diamond into disks. There is no necessity for grinding
the edge and back, but the front edgeshould be beveled
to a circle, when, with a lap for roughing and a pair of
laps for finishing, made as described for object glasses,
the grinding can be proceeded with.

The radius templates for reflectors or specula are
simply twice the required focal length.

The manipulation of grinding and polishing requires
all the care in the adjustment of the strokes as described
for objective lenses, but with increased solicitude in re-
gard to flexure and errors of surface, fromm unequal pres-
sure of the hand upon the handle or lap, which tends to
spring the speculum, and thereby produce an irregu-
lar surface during the last finish with the washed flour
of emery, as well as in polishing.

Remember that all errors of surface are doubled in
the focal image of specula.

The laps for the larger sizes should be grooved in
squares of about 1 inch in diameter, the grooves being
& inch wide and % inch deep, rounded at the bottom
as in Fig. 30. .

The bracing upon the back is designed to give the
greatest stability with lightness, and well pays for
making-a good pattern.

This lap should beslightly smaller than the speculum
if the speculum is bedded and the lap moved over it;
whereas, if the lap is bedded, it should be slightly larger
than the speculum. For glass, we prefer to work the
speculuin on a bedded lap.

For rough grinding, a lap without grooves, about one
third larger than the speculum, will save much tedious
work. .

Use the finishing lap for the layer of polishing cement
with the saine management as before described for
lenses, using a wooden template for laying out the
grooves, as shown in Fig. 23.

The block or handle for holding an 8 to 12 inch glass
should not be liable to change form by moisture or the
heat of the hand, and should therefore be made of
some light, tough wood, that is free from cracks, and
of the form as shown in Fig. 31. It should be dipped

in boiling pitch fora few minutes to make it imper-
vious tomoisture, then heat the disk and set the handle
upon its back, preserving the open hole and space to

I |and cutting it at an angle of 45°.

prevent a partial vacuum from springing the disk. The
piteh should not be hard enough to splinter.

The air space under the handle will be found to
equalize the reciErocating pressure of the hand upon
the handle, and thereby avoid polishing in zones, which
has.heretofore been a fruitful source of disappointment
with amateurs.

The polishing cement should be the same as de-
scribed for lenses, and the stroke manipulation the same
as in Figs. 19, 20, and 21. Supposing that you havefol-
lowed the directions in regard to lens polishing, and
obtained a clear, bright surface, the next step is to
make a preliminary test of its figure without taking off
the handle.

For this purpose you may make or obtain a Huyghen-
ian eye piece of low power, an illustrated description
of which may be found in SCIENTIFIC AMERICAN
SUPPLEMENT, No. 399.

The small plane mirror is the next in order, and in
the hands of experts may be ground and polished in its
elliptic form ; but for amateurs we advise to grind and
polish as a disk of the size of the long diameter of the
?llipse. and then cut and grind the edge to the proper

orm.

The proportions and size of the plane mirror may be
quickly obtained by making a cylinder of wood, one-
quarter larger than the field glass of the lowest power,
Otherwise project
the form of the ellipse as 1 to 141 by any of the geo-
metrical methods at hand.

Use clear plate glass !4 inch thick, rough ground on
the back, and fine ground and polished on the face as
described for lenses.

For this purpose three flat disk laps of brass will be
required, of a size one-third larger than the mirror, with
ahandle asin Fig. 382. These should be made as flat as
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possible with a file,'or by turning, and ground alter-
nately with each other until they all match and are
equally flat, which may be ascertained by cleaning the
laps and slightly rubbing one and the other alternately
together, looking at the laps at an angle to catch the
reflected light from their surfaces, when if true they
will all show an equal burnish over their whole surface.

The finish of the lap surfaces should be made with
the same washed flour emery that is to be used in
finishing the mirror.

Then the mirror, already having a fair flat and
polished surface, with a wooden handle cemented to its
back with piteh, is to be ground on the three laps
alternately also, alternating the laps with each other
to retain their flat surface. Use only the finest emery
to save time of finishing from the eoarser emery.

The strokes to be made small and as directed in Figs.
19, 20, and 21, following the method before deseribed for
polishing.

To test the flatness of the small mirror, look at a
sharp dark shadow, or a bright line that is perfectly
straight, in the mirror, at as small an angle as possible.
Notice if the line of shadow is perfectly straight at the
lowest angle that it is possible to see the line. .

In a perfectly flat mirror, the line and its reflected
image will appear close together, and parallel in every
position of the mirror around its plane. A confused
line denotes a defective surface ; and no line, that the
surface is either concave or convex.

A temporary mounting may be made with two
dressed boards of a width equal to the diameter of the
speculum, with a board nailed across the end, as shown
in Fig. 33, against which the speculum may be set

holes as small as possible, with a cambric needle, just
pricked through.

Set the holes in line between the light and the tele-
scope. If, upon focalizing the artificial stars, you find
that their images are sharp and compact, showing
slight diffraction rings as the eye piece is moved out or
in from the focal point, which are round and evenly
dispersed, you may congratulate yourself with success.
The probabilities are that you may have some of the
phenomena;as illustrated in Fig. 84, where a represents

the normal image of a parabolic speculum ; b, the
normal image of a spherical speculum; ¢, @, e, f, g, h,
and ¢, the distorted immages caused by flexure or
defective grinding and polishing.

The distorted images caused by flexure may be
easily distinguished by turning the speculum and
noticing whether the images revolve with the specu-
lum. If they do, the surface is defective from the
grinding or polishing; and if strongly marked, the
speculum should be reground, as with the last emery
finish, and repolished. If but slight, they may vanish
by repolishing only.

If the distorted images remain in the same position
upon revolving the speculum, they are due to com-
pression by the weight of the speculum. The extent
of these flexures is very small, and may be scarcely
discernible in specula of 6 in. and under in diameter ;
but in the larger sizes, of from 12 in. to 20 in., they be-
gin to be of serious consideration—merely the heat of
the hand on the back or edge often producing strong
images of the form of f, g, A, and 7, Fig. 34.

When you have been enabled to produce a true
spherical surface, it will be proper to attempt the
working of a parabola, which should always be gene-
rated after a perfectly spherical polished surface has
been obtained.

For this purpose, it is necessary that the polishing
lap should have a tendency, by the form of the strokes,
to lengthen its radius.

The amount of the correction for longitudinal spheri-
cal aberration in specula of medium size, with a focal
length of 13 diameters, is but about five one-thou-
sandths of an inch, and the depth to be polished away
at the margin is about one twenty-thousandth of an
inch, it being for a speculum 4 ft. in diameter but one
ten-thousandth of an inch. So that it may be easily
comprehended that it is not quantity that is to be cut
away, but rather the minute and gradual change of
curvature from the spherical form, beginning near the
center and finishing at the edge.

Amateurs are more often led to overwork than to
underwork a parabola, from a magnified conception of
its amount. Those used to microscopic work better
understand this minute quantity.

There are two methods principally in use for accom-
plishing the parabolic form. First, to use the outside
swing, Fig. 21, examining at the commeincement if
every part of the lap has an even touch, shown by an
even gloss, which may be done by sliding off the mir-
ror gently and looking at its surface at an angle, so as
to receive reflected light. If found even, change to the
inside swing (Fig. 20) for a few minutes, then changing
to straight strokes (Fig. 19), at the same time move
around.the post so as to give any uneven motion of
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square with the trough and held in position by a clamp
or soft wax. The small mirror can be grooved at the
side and a clip of sheet brass made to slide in the
grooves, to which may be soldered a brass bar reaching
to a clip on the board. The eye piece can be arranged
upon the opposite side, and attached to a clip on the
board, both clips sliding for adjustment. The back
of the small mirror should be bfa,ckened with black
shellac varnish. Adjust the small mirror and eye piece
as nearly as possible opposite to each other, and as near
the proper focal position as possible when viewing some
distant object. Point the telescope to a white wall or
the sky ; draw the eye piece out of its tube and look at
the speculum reflected in the small mirror. If the
image of the small mirror is not central as reflected from
the speculum, the speculum must be slightly moved
to bring it into the optical axis. When the adjustment
is comp%ete and the small mirror set at 45° the tele-
scope is ready for a trial.

An artificial star is probably the best and most satis-
factory method of testing; as the following of a star
with a erude and temporary mounting, together with
the uncertain condition of the atmosphere,is very
tedious and perplexing.

For this purpose, place a strong light at the greatest
distance available, say 10 to 20 times the focal length of
the telescope. Set up close to and before the lamp a
cardboard, with a hole about one inch in diameter,
covered with a piece of tinfoil,in which make a few
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the hand its effect in every direction. No fresh rouge
should be put on the lap at this stage of the work. A
drop of water or the spatter from a brush occasionally,
to keep the lap moist, is all that is required.

The delicacy of touch in the fingers must now be
depended upon to reveal the condition of the work.
The motion around the center will be felt to stiffen
from the greater friction toward and upon the outer
zone of the mirror. Keep an even pressure and slow
motion, thirty to forty strokes per minute, for a few
minutes. Then alternate with short, straight strokes
(Fig. 19) for a few minutes longer, and at last very
short, straight strokes, at the same time moving around
the post and turning the .mirror slowly to shift its po-
sition on the lap.

The time for parabolizing a5 in. or 6 in. mirror should
not exceed one hour. Much, of course, depends upon
the temper of the lap. If hard, or so that the thumb
nail slightly chips it by pressure, the operation will be
hastened.

A soft lap for glass is not recommended.

Another method for parabolizing has been made
effective, consisting of cutting away or widening the
grooves in the lap toward the center, asin Fig. 85.
This maﬁ be done with a sharp knife after the spheri-
cal polish is finished, by cutting away the sides of the
original grooves slanting, so as not to chip the face.
Use the same motions as last described. Supposing, by
testing as before described, that you now have a fairly
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perfect mirror, the next operation is to silver the faces
and polish the silver surface of both mirrors. The
handles having been left on, the mirrors must now be
made perfectly clean by first washing free from rouge
and finger marks with soap and water, rinsing and
drying. Then wipe the surfaces with a piece of old
cotton or linen cloth, dipped in a mixture of aqua
ammonia or alcohol and prepared chalk. Let the sur-
facesdry with tracesof chalk upon them. Then wipe
with a fresh, clean cloth until the surfaces look bright
and clear. Then make a swab with a wad of clean
cotton wool, fastened to the end of a piece of glass
tubing, which can be done by pushing the wad partial-
—T T

prui f7¢6.39,

\UEEELT

ly within the tube. Dip it in strong nitric acid, and
carefully swab the surfaces of the mirrors with the
acid, and thoroughly rinse in clear water. The mirrors
are now supposed to be chemically clean. Using care
that nothing touches their faces, tﬂey are now ready
for the silver bath, which may be prepared as follows:

For a square foot of surface, or in proportion for
smaller surfaces, dissolve 134 oz. Rochelle salts in 3 fluid
oz. of clear water, and ﬁiter through cotton wool
packed in the bottom of a glass or porcelain funnel.
Also dissolve 134 oz. nitrate of silver in 4 fluid oz. clear
water. Provide 1 fluid oz. strong aqua ammonia in a
glass jar or open mouth bottle large enough to hold
three pints. Also 2 fluid oz. aqua ammonia in a sepa-
rate bottle.

To the 1 oz. of strong aqua ammonia gradually add
the nitrate solution until a brown precipitate remains
undissolved. Then alternately add ammonia and the
nitrate solution until all the nitrate solution is in,
gently stirring the solution with a glass rod while
mixing, when, if properly done, some of the brown
precipitate should remain in suspension. Here some
judgment, and probably a little experience by trial,
may be required to know, at sight, just how little of
the brown precipitate may remain, as on this depends
the hardness and brightness of the silver deposit on
the mirrors. Filter this mixture, as described, for the
Rochelle salt solution.

When ready to use, add the Rochelle salt solution to
the ammonia nitrate solution. Then add clear water,
enough to make 3 pints of the combined mixture. The
silvering vessel may be a flat glass dish, a soup plate,
or a pie plate, a little larger than the mirror, covered
on the inside with a coat of paraffin. On the bottom,
at each side, fasten, with paraffin, a narrow slip of
glass, or piece of glass tubing, slanting downward to-
ward the center of the dish, and so placed that the
edge of the mirror only will touch the glass, and high
enough (4 in. to 34 in.) to keep the mirror from touch-
ing the bottom of the vessel while the mirror is gently
rocked to stir the solution. Warmth, from 80 degrees
to 100 degrees, facilitates the deposit, and makes a
hard, close grain. This may be done just before the
operation of the silver bath by putting the bottle of
solution in warm water, and also holding the face of
the mirror in clean warm water, not over 100 degrees
Fahrenheit.

Pour the solution into the vessel, say to the depth of
one inch or less, take the mirror from the warm bath
and dip one edge first, to prevent air bubbles being
caught under t%e concave surface.. Then bring it to a
horizontal position, resting its edges upon the glass sup-
ports, and slowly rock the mirror to produce circulation
in the solution and loosen any air bubbles that may
ggwe adhered to the face of the mirror at the first

ip.

The solution soon turns brown, and in two or three
minutes a filln begins to appear. In from fifteen to
twenty minutes the mirror may be lifted from the bath
without in any way touching the face. Look through it
at a brightlight or the sun. If thelightor sun isill de-
fined, or only exhibits a faint light, it is right. If, on
the contrary, it is semi-transparent, immediately im-
merse it for a few minutes longer, when it may be taken
out and rinsed in clear water and immersed in a vessel
of water for several hours to draw from the silver filin
any chemicals that might favor oxidation after the
glirror is finished. Thenset it on blotting paper to

ry.

Its surface should now have a bright yellow color. If,
on the contrary, it should be of a dull gray color and
entirely opaque in sunlight, the deposit has gone too
far, the film being over-thick.

‘We recommend a trial,.as the amateur’s first, and even
second, effort, on a piece of plate glass, as the silver film
has to be dissolved from the mirror with nitric acid in
case of failure to perfect the deposit the first time.

The handle may now be taken off by carefully insert-
ing the edge of a thin knife between the handle and
glass and cracking the pitch, while the mirror lies
upon its face upon a table covered with cloth or paper,
to prevent scratching the silver. Clean off the pitch
and dirt from the back by scraping, and wipe with a
rag wet with turpentine or alecohol. Avoid touching
the face of the silvering with tlre hands or fingers, as
they have a corroding influence upon the surface that
may afterward show.

‘With a piece of the softest buckskin, or kid leather,
make a rubber or pad filled loosely with cotton. Then
proceed to rub the pad over the entire surface of the
mirror in sinall circular strokes, made in such a way as
to insure all parts being rubbed alike. This seems to
partially burnish down the surface and remove the
yellow film. Then rub some of the tinest jeweler’s
rouge upon a piece of buckskin laid in a clean plate,
and dab the rubber upon the rouged buckskin.

Commence the polishing (dry) by moving the rubber
lightly in small circles, so as to successively and equally
cover every part of the mirror alike, occasionally dab-
bing the rubber upon the rouged buckskin. Continue
these motions, varying them asin Fig. 86, until a bright

black surface is obtained, which may require from a
half to one hour, according to size of mirror. When
the polishing process is finished, place the mirror be-
tween your eye and the sun, observing the evenness of
light by transmitted light all over the surface. If the

glimmer has an even shade, the work has been well
one.

The silvering of the small mirror or flat may be done
in the same bath immediately following the large
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ber around the crucible with charcoal. Urge the fire,
and charge the crucible with all the copper. Use a
moderate, even blast, throw a little powdered charcoal
on top of the copper and cover the crucible with a large
piece of charcoal or a plumbago cover. Keep the space
around the erucible ﬁl?ed with charcoal, then urge the
fire to its greatest heat.

When the copper appears at a white heat, drop into
the crucible small pieces of the charge of tin to facili-

mirror, and polished under the same conditions in
every respect, save the size of the pad, which may be
reduced to about one-half the size of the small
mirror.

The testing of the finished mirrors should correspond
with the previous testing of the glass surface. If it
should be found deficient in sharpness of image on a
star, or hazy, the trouble will be found in the un-
equal polishing of the silver film, although, if the film

be as thin asclaimed, of an inch, any unequal
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polishing should show by its partial opalescence in
spots by transmitted sunlight.

METALLIC SPECULA.

The casting, mounting, grinding, and polishing of
metallic specula for telescopes require some special con-
siderations which we will endeavor to bring within the
scope of the amateur’s resources.

The best composition for these specula, after years of
fruitless experiment, has resolved itself into the atomic
proportions of copper and tin, with a little arsenic
added, acting as a b‘l)eaching agent, as perfected in the
experiments of Lord Rosse, Mr. Lassell, and others.
The atomie weights of copper and tin being 1264 and
589 respectively, the proportions of each will be equal to
copper 100, tin 466 by weight; white arsenic, §5 of
the combined weight of the metals.

The metals should be as pure as possible to obtain
the best results. The copper obtained from chemni-
cal precipitates, or crystallization, as from the mint
or assay office, is the best.

Lake copper that has a clear red color from the
ingot mould is good. Avoid copper ingots that have
been dipped in acid to make the red color. They con-
tain iron or other base metals.

Banca tin is best. and may be known by the brand
on the ingot, or recognized on it guarantee by its sharp,
crackling tones when small bars are bent in the hands.
Any tin that is pure also shows the sharp crackling
tones, and may be equal to Banca.

The mould for specula of 12 in. or under in diameter
may be made of a cast iron disk with the face turned,
or otherwise finished to the exactcurve of the proposed
radius, which is twice the focal length of the specula,
with a recessed projection all around the edge.

A ring of soapstone to fit the recess, of a thickness
suitable for the specula, with a taper on its inner edge
to allow of its being drawn off from the casting. The
back may also be of soapstone a little thicker than the
%ljop(:;;ed casting, the whole as shown in section,

ig. 37.

v v
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The sprue should be cut out of the back piece, as
well also the two vents, which should be scooped out
broad and flat as shown in plan and section at V.

When ready for casting, the whole mould should be
heated to about 800° Fah., to free it from moisture,
cleared of dust on the inside, put together and fastened
with wood or iron clamps lightly at four places around
theedge. Set the mould at an angle of 30° from the
level. Provide a charcoal fire of sufficient size to cover
the wholespeculum with live coals, as directed after
casting.

A 12 in. speculum, 1 in. thick in the center, will weigh
about 37 1b., and will require about 45 lb. of metal to be
melted. For any size divide the cubic contents of the
mould and sprue in inches by three for the weight in
pounds of metal to be melted.

The mould for the small mirror or flat may be carved
out of a small slab of soapstone, with a sprue and vent.
Clamp a flat piece of iron to the slab, and heat to free
the mould from moisture.

Having everything in readiness for casting and
annealing the specula, the melting may be proceeded
with. For a speculum requiring 15 pounds of metal
and upward, we recommend a brass foundry furnace and
the services of a brass founder, who better understands
the handling of large masses of melted metal.

For the lesser work a common forge may be utilized
as a furnace by building of brick, preferably fire brick,
as closely as possible without mortar, a chamber over
the tuyere, the inside to be 214 times the diameter of
the plumbago crucible to be used, and from 12 to 15 in.
high. Use charcoal as fuel, and place the crucible on
top of the fire to dry and heat before charging with
the metal, then set the crucible in the fire with its top
even with the top of the chamber, and fill up the cham-
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tate the melting of the copper, so that by the time the
copper is melted fully one-half of the tin has beer add-
ed. Now shut the blast nearly off and add by degrees
the balance of the tin, then shut off the blast entirely
to keep the heat down to the flowing point of the mix-
ture, which is much less than the melting point of the
copper.

Divide the arsenic into three small packages in thick
paper, and slip each into the end of a split stick, by
which means you can push the arsenic to the bottom
of the crucible. The bubbling of the gases will tho-
roughly mix it with the metal. The sticks should be
dry, putting in one at a time.

The metal should now be at a proper temperature
for pouring off, which may be known by its shining
sarface when it is slightly stirred or skimmed with a
rod. In no case should it be hot enough to boil or
throw off bubbles from its surface. Blow all charcoal
dust and ashes from the surface of the etal with a
small hand bellows or mouth tube, and take the cruci-
ble in a suitable tongs and pour into the moulds as
quickly as possible. Open the small mould as quickly
as possible ; place the mirror on some hot ashes and
cover with red hot charcoal, then quickly turn the
large mould upon its back ; unclamp and take off the
iron face and ring, lift the speculum and its soapstone
back into the annealing fire with a three part hook
tongs and cover with the red hot coals; set some of the
red hot bricks of the furnace around it, and bank the
whole with the fire and ashes from the furnace, where
let it remain until cold enough to remove with the
hands. .

If, upon removing the casting after annealing, it
should be found to have shrinkages or air spots that
are not more than one-sixteenth inch in depth upon its
face, it may be called a good casting, and suitable for
finishing.

In casting the larger specula in a brass foundry, the
directions for mixing and annealing should be strictly
followed, with the added experience of the founder, in
preventing the boiling of the metal by too great heat,
which is the basis of a sound casting. A boiled metal
makes a porous casting.

The mounting of the casting in a permanent setting
for handling and fixing in the telescope tube should be
done before grinding. e

For this purpose a pattern, of which Fig. 38 is a sec-

tion, may be made with the rim that surrounds the
sEeculum, at least 4 inch larger on its inner diameter
than the speculum.

The casting should be made with a composition of
copper 275 parts, zinc 1 part by weight, which ex-
pands or contracts by changes of temperature exactly
coincident with speculum metal. The ordinary 6 oz.
brass is within a fraction of this proportion, and may
be used for specula of 10 inches diameter and under.

The outside of the ring ‘may be finished to suit the
taste, but preferably the back of both setting and
speculum should have two coats black varnish.

The speculumn may be cemented into the setting with
a cement made of shellae, resin, and beeswax, equal
parts, melted and thoroughly incorporated. Then
mix enough Venetian red to make the mass a soft putty
while hot. Warm the setting and bed the warm putty
all around the recess, and set the speculum, previously
warmed in a stove oven, into the recess, allowing it to
melt its way to a bearing. In putting the speculum
into an oven to warm, caution should be used against
cracking, by placing it upon pieces of wood and not
allow it to touch the hot iron. The oven need be no
hotter than to melt the cement.

‘When the speculum has cooled and-the superfluous
cement removed, it is ready to place upon the grind-
ing post, or barrel, as illustrated for lenses (Fig. 18),
only with care that the rim on the back of the setting
has a fair bearing all around in the groove of the
block, and to touch it at no other points. A little
beeswax or shoemaker wax in the groove will hold it
steady.

When the lap is to be the rider, it should be made
214 per cent. smaller in diameter than the speculum,
which prevents the lengthening of the radius by the
overriding of the lap. It may be made of cast iron
from a pattern, as in Fig. 24, and, as shown in section
in Fig. 39, of a radius twice the focal length of the pro-

posed telescope, with a raised ring on the back, to
which the wooden handle may be screwed ; not put on
with piteh, because the same lap should be used for
polishing, when any pitch on the back would give
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trouble in charging the face with the polishing cement.
Make the grooves, as represented in Figs. 24 and 39,
one-sixteenth inch deep, one-eighth inch wide for laps
of 8 inch and less, and somewhat wider for larger laps.
This relieves the surfaces from binding in the last or
finish grinding, and also answers for the necessary
grooves when used for polishing.

The method of procedure in grinding is the same as
described for lenses, and with the same care in selecting
the fineness of the emery. The only difference in the
manipulation of a convex or concave surface of a lens
or a speculum will be found in their disposition to
change the radius of their curves. When the fixed
piece is concave, the radius tends to lengthen, whether
it be a lap, a lens, or a speculum, while the opposite
effect takes place when the fixed piece is convex.

Use care in making the strokes, so as to avoid error
as to a true spherical surface when ready for the pol-
ishing operation.

Any irregularity in alternating the different kinds of
stroke as illustrated in Figs. 19, 20, and 21, or an over-
reaching of the strokes, so as to throw the weight of
the lap heavily upon the outer edge of the speculum,
will produce distortion from the true sphere, that will
only become apparent when the polishing is com-
menced, by showing an unpolished or but partially
polished zone at the edge of the speculum. This
should not be allowed to pass, but return to the fine
grinding with small strokes as in Fig. 20. Here the

speculum should show where the surfaces are in con-
tact by inequality of brightness on the speculum, or
the smooth bronze color on the polisher. If the bronze
color is on the outer zone only, it is evident that the
radius of the lap is lengthening, and the strokes (Fig.
20) are required with a preponderance of pressure by the
fingers on the side of the lap that is over the central
portion of the speculum, and the reverse when the
central zone only is bronzed. A little observation and
the touch of the fingers on the lap will tell you more
than pages of description.

‘When a perfect spherical figure is obtained, the

strokes for the parabolic form may be started and fol-
lowed exactly as described for a silver on glass specu-
lum. Herealso a little practice and experience by trial,
and perhaps failure, is necessary to success. If you
fail the first time, do not resort to regrinding, but try
and bring back the curve to a sphere by short circular
strokes (F'ig. 20), and make a test trial for regularity of
curve, and repeat the operation for parabolizing.
- For the instruction of those who may desire to build
a telescope of larger dimensions, we give an illustration
o a macnine made and used by the writer in grinding
and polishing 10 in. specula. that has the means of
controlling the motions required for the delicate opera-
tion of perfecting the parabolie figure.

The frame may be made of 2 in. pine plank framed to-

ether and braced to the floor as shown in Figs. 40 and
1, where a is a vertical shaft, that by its variable
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action of the hands in counteracting the tendency of
the lap to lengthen its radius by the weight of its over-
hanging part becomes very apparent, and if used with
judgment, will lead to a perfect spherical surface. These
points are also true as to glass surfaces.

The lap used for grinding is in the best.form for
polishing, and only the same precautions deseribed for
lenses as to cleanliness are needed at the change from
grinding to polishing.

In making the polishing cement for metallic specula,
follow the instructions and precautions as before given
for lenses, with the exception of the rouge mixture, in-
stead of which, incorporate with each half pint of the
ge]ted resin and turpentine a teaspoonful of fine

our.

This will be lumpy at first, but thorough stirring
at a lower temperature, which makes the cement a
little waxy, will make the mass homogeneous; after
which, by additional heat it will become transparent.
Test as before described for hardness, so that an im-
pression by the thumb nail will not make the cement
flake at the temperature of the room in which the
polishing is 'to be done. Warm the lap so that

the cement will stick, smear over the surface, and|

divide into squares exactly as described for lenses.
Wet the speculum with rouge and water, place the lap
on it lightly, instantly moving it in circular strokes to
bring the cenent to a bearing ; the only difference from
the instructions for lenses is that with the lenses the
lap is stationary, while with metallic specula the specu-
lum is stationary. This is necessary for safety, as the
metallic specula are brittle and difficult to handle.

ter a few minutes’ polishing, the squares will run
together, when the grooves must be opened as before
described by cutting.

Observe at all times during the polishing whether
there is froth or abraded matter running apparently
loose upon the lap. The feel of the fingers upon the
lap should tell what is the trouble by the uneven or
jerky movement of the lap, the cause being a change
of figure in the lap or imperfection of figure in the
speculum. Inspection of the face of the lap and

crank pin, A, gives the required elliptic stroke to the
lap through the carrier, g, which fits loosely around
the rim of the lap, f. The shaft, a, being the driver,
through its small band pulley or treadle, o, gives
a slower motion (1 to 414) to the eccentric shaft, c,
also having a variable crank pin, 7, to which is attached
the connecting rod, /, which In turn controls the eccen-
tricity of the carrier by a movable slot clamp at n.

The carrier, g, nay be madeof cast iron, and does not
rest on the lap, but on the pin shoulder at 2 and the
sliderest, m. The main shaft, b, supporting the specu-
lum, e, receives its motion from the small band pulley
on eccentric shaft, ¢ (1 to 3%). Its face plate, d, may
be made of hard wood, well oiled, and fastened to a
lesser flange cast upon the shaft.

The speculumn, if not otherwise mounted, may rest on
three triangular pieces of iron, F'ig. 42, so arranged as to

T
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give a free bearing at nine points on the back of the
speculum. Its lateral motion may be stayed by small
chocks of pine wood screwed to the face plate around
its edge. Thelap to be of cast iron, with an outer groove
for catching dirt, and an inner rim and web bracing as
illustrated in plan and section, Fig. 43.

The harness, j, may be made of strong twine, and
attached by hooks to the outer rim at six points,
gathered to a single suspender passing over a small
grooved pulley or attached to a lever on the ceiling or

frame, with a counterweight to relieve the pressure of
the lap upon the speculum.
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The edge of the back of the lap should have a groove
all around the outer edge (F'ig. 43), to keep dirt from
working over the edge and falling upon the face of
the speculuin.

The looseness between the carrier and the rim of the
lap allows the lap to gradually turn within the carrier,
but not as fast as the speculum turns, so that in this
machine there arefour variable motions, eachof which
is controllable at will, independently of each other.

The machine may be driven by power to the supple-
mentary pulley on shaft, a, or by a treadle attached to
the crang as shown 1n the cut.

In thus laying betore the amateur the partial details
of one of the most difficult of all the arts, and the one
associated with the noblest of the sciences, we trust
that his anxiety for haste, and failure from want of
experience, will not deter himn from continuous effort
to accomplish his aim, and master an art that has
taken an age to approximate to perfection.

ON THE CUTTING OF POLARIZING PRISMS.*

THE author showed the manner of cutting two new
polarizing prisms, designed by Ahrens and by himself,
and described and figured in the Phil. Mag. for June,
1886. The Ahrens polarizer is a rectangular parallelo-
pipedon of cale spar, having square end faces, and hav-
ing its long sides in the proportion of about 16: 1
relatively to the short sides. The square end faces are
principal planes of section of the crystal. T'wo oblique
sections are cut in the prism, being carried through
the top and bottom edges of one end face, and meeting
in the horizontal middle line of the others. The dihe-
dral angle between these planes of section is about 32°.
The faces are polished and reunited with Canada bal-
sam in the usual way. The advantages claimed for the
new prism are: (1) decrease in length, (2) increase in
angular aperture, (3) saving of light consequent on
non-obliquity of end faces, (4) minimmum of distortion,
(5) less spar required than in Hartnack, Glan, or
Thompson prisms of same section. Against thisare
the slight disadvantages of (1) the line of section across
end face, and (2) the use of more spar than a Nicol of
equal section. But Mr. Ahrens has recently added a
thin covering glass at the end face crossed by the line
of section, thereby making this line almost impercept-
ible ; and he has also succeeded in finding a new method
of cutting the prism, in which there is extremely little
waste of spar. The other prism designed by the author
is a simple modification of the Nicol, giving a wider
angle of field. A wedge is cut off each end of the cale
crystal so as to make the new end faces almost co-planar
with a principal plane of section, and the erystal is cut

through along the other diagonal of the sides. The re-
sults may be tabulated thus:
Reversed
Ordinary shortened
Nicol. Nicol.
Obliquity of end face........ 71° 69°
Angle between end face and
crystallographic axis...... 45° 5°
Angle between balsam filin
and crystallographic axis.. 45° 94°

The effect is to throw the blue iris limit right back, to
shorten the prism, and to widen the field. In the dis-
cussion that followed, Prof. Stokesremarked that there
was no dearth of Iceland spar in Iceland, but that the
supply had been limited through ignorance of the
extent of the demand. The mine had, however, been
bought by the Icelandic Government, and a plentiful
supply might therefore be expected.

THE MANUFACTURE OF LENSES.

THERE is scarcely anything more desirable than a
bright, well finished lens. To the art that produces
these beautiful objects we are heavily indebted, for it
has enabled us to peer into other worlds. It gives us
the means of seeing objects so minute that without
some visual aid their existence would be unknown. It
has prolonged the usefulness of our failing eyesight,
and has, in mnany other ways, contributed to our com-
fort and pleasure, and to the advancement of know-

leqlge.

° The process of making a lens is extremely simple, so
much so, indeed, that a person observing the manip-
ulations of an optician might conclude that almost
any one could make a passable, if not a perfect, lens.
But this is not so. It requires a great amount of prac-
tice, and a peculiar adaptability to fine mechanical
work. The glass used for fine lenses is mostly imported
from Europe. That used for achromatic lenses is made
by the celebrated firm of Chance & Co., of Birming-
ham, England. It comes in pairs of disks, one of flint
and one of crown glass. These disks are tested as to
their refractive power, and classed according to the
use to which they are applied. The flint glass for tele-
scope objectives is more dense than that used for the
achromatic lenses of photographic cameras.

The disks are cut to the required size, either by means
of a diamond or by a revolving iron hoop supplied
with sharp sand-and water. They are then roughened
into shape in the machine shown in one of the upper
views in the large engraving on opposite page. The
hopper suspended from the ceiling contains sharp sand
and water, which are allowed to flow out upon the
form or tool on the upper en@ of the vertical spindle.
This form, or tool, as it is called, has the same curva-
ture as the lens to be made. It is convex for a concave
lens, and concave for a convex lens. A disk of glass

* Abstract of a paper read at the Birmingham meeting, 1886, of the
British Association, by Prof. Silvanus P. Thompson.
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held upon this tool, charged with wet sharp sand and
water, soon assumes the desired curvature, and is
ready for the next step, which consists in grinding the
lens in another machine with three different grades of
emery, on as many different tools. .

The emery ranges from No. 90 to No. 150, the last
grade leaving a surface sufficiently fine to be at once
polished with rouge. To the back of each disk of
glass a hub is cemented with pitch. In the center of
this hab there is a conical hole of sufficient depth and
size to receive the point that projects from the lever b
which the disk is f?eld down upon the finishing tool.

washed, and the face of the tool is covered with fine
woolen cloth similar to broadcloth, which is made to
adhere by a thin coating of melted pitch applied to
the face of the tool before putting on. the cloth. The
tool thus prepared iswet by blowing on water from the
mouth in a thin spray, as represented in the engraving,
and the workman applies to the cloth surface a ball of
fine rouge, forming on the face of the cloth a thick
paste of rouge and water. The lens, if large, is held
upon the tool with the lever in the same manner as in
grinding. If small, it is held by the steel-pointed
handle. A gentle pressure is applied, and, should the

cemented to the end of a stick. The roughing is done
upon a common grindstone. The grinding is done in
much the same way as already described. The polish-
ing, however, is somewhat different; the tool being
covered with a mixture of rouge and beeswax, the
amount of rouge being sufficient to render the beeswax
quite hard. The form is given to the wax surface by
pressing the unpolished lens into it. A thin paste of
rouge and water is applied to the tool occasionally.
Ordinary spectacle lenses are ground in quantities in
the manner represented in the lower right hand view in
the large engraving. Here a great number of pieces of

-—
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When small lenses are ground, an ordinary handle,
having a steel point, is used, instead of the lever, as
shown in the lower left hand view. When lenses are
ground in this way the tool is much larger in diameter
than the disk, and the latter is held eccentrically in re-
lation to the axial line of the tool, so that as the tool
revolves the disk is also made to revolve, thus continu-
ally changing the relation of the surfaces in contact,
i:hereby insuring greater accuracy in the form of the
ens.

Between the applications of the several grades of
emery the disk is thoroughly washed, and great care is
exercised to prevent any particles of the coarser emery
from becoming mixed with the finer. .

After the a.Eplica.t‘.ion of the finest grade of emery,
the glass disk and the tool are both thoroughly

| FINISHING —— -

THE MANUFACTURE OF LENSES.

tool become too dry before the required polish is
secured, water is blown over it with the mouth, as be-
fore described. After having finished one side of the
lens, the other is proceeded with in precisely the same
way. The treatment is the same for both convex and
concave lenses. In grinding the best quality of tele-
scopic objectives the operation is wholly performed by
hand. This is done in the manner shown in the upper
right hand figure of the engraving. The tool is sup-
ported by the post, and thedisk is moved in a series of
small circles, and at the same time turned as the opera-
tor moves slowly around the post. In the case of tele-
scope lenses, the final finish is secured by a piteh sur-
face formed on the tool, and traversed by grooves
running across it in different directions.

Very small lenses are formed from pieces of glass
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CRINDING SPEGTACLE LENSES
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glass are cemented to a form with pitch, and the tool
is moved over it by a short crank on the lower end of
the vertical spindle. The workman dashes emery and
water or rouge and water over the form ; and the
upper tool, in addition toreceiving an oscillatory move-
ment, is slowly rotated by the action of the crank in
the socket at the back of the tool.  Generally a series
of forms are operated in a single bench and attended
by one man. The steps in the operation of grinding
spectacle lenses are about the same as when single
lenses are ground. After they areground and polished
upon one side, they are removed from the form and
turned over, cemented to the form, and ground and
polished upon the other side.

For many purposes it makes little or no difference
whether the axis of a lens corresponds with its geo-
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metrical center ; but for telescopes, opera glasses, pho-
tographic cameras, and other instruments of accuracy,
their optical and geometrical centers must correspond.
The manner of testing lenses to ascertain if the optical
center and the geometrical center coincide is illus-
trated below. The lens is cemented to a chuck upon
one end of a hollow lathe mandrel ; near the opposite
end there is a ground glass surface, and in front of the
lens being tested there is another lens supported on a
standard, beyond which there is a small vertical rod
and a lamp. These different pieces are all in line with
the axial line of the mandrel, and an image of the rod
is cast upon the ground glass screen. If the image re-
mains stationary while the lathe revolves, the optical
center of the lens coincides with the center of rotation;
but if the image moves, the optical center is out, and
the lens must be centered while the cement which sup-
ports it is still warm and soft. This is easily done by
holding the hands against the edge and sides of the
lens as it revolves. When the lens is optically cen-
tered, if its periphery is out it must be ground down.
This is readily done by placing under it a piece of
sheet iron bent into semicircular shape, and forced up-
ward against the edge of the lens by means of a screw
passing through a board that supports it. The sheet
iron is charged with sand or emery and water, and as
?he lathe revolves, the lens rapidly assumes a circular
orm.

The matter of testing the different qualities of glass
used in the manufacture of fine achromatic lenses has

been omitted on account of the abstruseness of the
subject and the amount of space required to properly
treat it.

For many of the points given above we are indebted
to Mr. Chas. F. Usner, a practical optician of this city,

from whose factory, at 128 and 130 Fulton Street, we’

have taken the majority of our sketches.

CAMEO CUTTING AS AN OCCUPATION.*
By JoHN B. MARSH.

THE adaptation of the conch shell to the art of the
cameo cutter has no history. It was discovered, as
years are reckoned in the progress of art, only yester-
day, and to-morrow, if we do not awake to the benefits
which the art is capable of realizing, the industry may
be snatched from our hands. The working of cameos
in precious stones gzoes back beyond the earliest
records. History contains no reference to the begin-
ning or the progress of its development. Tradition
affirms the Asiatic origin of the art, that it was
practiced by the Babylonians, fromm whom the Pheni-
cians carried it into Egypt. Thence the progress of the
art is clearly traced to Greece and Italy, and in our
own time to France and England. Those who have
practiced it in England may be numbered oun the
fingers of one hand. It is not, however, with the
carving of precious stones that this paper is intended
to deal, but with the youngest of all the processes
discovered in connection with the production of the
cameo, that of working the beautiful conch shell.

The use of this shell (specimens of which are on the
table) for the purpose of cameo cutting was first
practiced in Italy, about the year 1820, and is believed
to be of Sicilian origin. For many years all the shells
used were exported from England, and the number
averaged about 800 per annujn. These were valued at
thirty shillings each. They soon became a favorite
medium in Rome for workmen, and the art was taken
thence to Paris, where it flourished. In 1847 the sale
of shells was reported to have reached 100,500, and
their declared value was £8,900, while the cameos which
were produced were estimated to be worth at least
£40,000.

The color of the ground in these shells varies from
pink and orange to an absolute black, which is the
most valuable of all. This is called the Black Helmet
(Cassis tuberosa), and comes from the West Indian
seas. The shell with a pink ground is called the
Queen Conch (Strombus gigas), and is also brought
from the West Indies. A favorite variety is the Bull’s
Mouth (Cassis rufa), found in the East Indian seas,
which has a sard-like ground. Another class is the
Horned Helmet (Cassis cornuta), which is .brought
from Madagascar. Occasionally shells are made use of
having three layers, the upper, always dark colored,
serving for the hair, or a wreath, or for armor; the
second layer, which is always white, is used for carving
the figure, and the third layer is the ground.

‘When the shells are first taken, they are hung up by

* A puper recently read before the Society of Arts, London,
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the animals which inhabit them. Asthe poor creatures
die, the shell is freed from their hold, and falls to the
ground. Were the creature to die in his house, it
would greatly deteriorate the value of the shell for
cameo work.

Messrs. Francati & Santa Maria, of Hatton Garden,
are the largest and almost the only dealers in shells for
cameo work the metropolis possesses. This firm,which
has branches in Rome, Florence, and other cities of
Italy, is famous for its stores of cameos and gems, and
for every variety of mosaic work which is produced, as
well as for its collection of vases and other art produc-
tions of Italy. They are always represented at the
exhibitions held in London, Liverpool, Folkestone,
Dublin, and at Edinburgh their goods were shown,
and they have frequently been awarded medals. 1
have seen in their cellars many thousands of conch
shells, brought from foreign seas for the purpose of
being cut into pieces, for export to Italy or Paris. Mr.
Santa Maria, upon one occasion, showed me a magnifi-
cent Black Helmet shell, which he said was the only
one that had been discovered out of about ten thou-
sand. A shell of ordinary size only produces, on being
sawn, three or four large workable pieces, and these
are worth from 3s. to 5s. each. But the Bull Mouth,
of small size, may be purchased for a shilling. A face
or figure cut upon a whole shell looks well, and one
such specimen is here for examination. The expe-
rienced workman will often employ his leisure in
covering a large shell with work. 1In the center is the
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principal design, always a classic figure or group of
figures, and around such ornamentation as his taste
approves. One of these, cut in Hatton Garden, was
sold recently for a hundred guineas, and another,
alé(l)lost entirely cut by a young Englishman, realized
£80.

The most celebrated cameo engraver of modern
times was Benedetto Pistrucci, who designed the
‘“George and Dragon” of our coinage, which is
acknowledged to be the finest work that has ever
appeared in modern currency. And his association
with a living worker in cameos, Mr. James Ronca,
whom he taught, and the fact that his daughters be-
ecame accomplished cameo cutters, justify a reference
to the leading incidents of his life. Of himself he says
that he was in a manner born to the work he took up
from choice, and he mentions in proof of this that he
had square thumbs, and the palm of his right hand
was covered with horny skin. This had been a charac-
teristic with certain of the males in the family for
several generations. He was the son of a judge, and
was born at Rome, in May, 1784. His eldest brother
was a painter, and every member of the family was
endowed with artistic tastes. Italy, in his youth, was
overrun by the French, which caused his parents to
make frequent changes of residence. At fourteen
years of age. being then proficient in drawing, he was
first put to a master, one Signor Mango, who, perceiv-
ing his genius, employed him to make designs for his
cameos. This provoked much jealousy among the
other workmen, one of whom stabbed Benedetto with
a dagger. During his illness he amused himself by
modeling the figures he drew, and so perfected himself
in the stages necessary for becoming an artist in this
work. Less than this in training will only make a
workman. Upon his recovery, he was sent to two
masters in succession, the second of whom, noticing
the superiority of his designs, exclaimed : ‘* With one
who has genius there is very little for a master to
teach.” At sixteen years of age he began work on his
own account. And, after a brief courtship, at eighteen
years of age, married a girl of sixteen, of gentle family.
He had two daughters, Victoria and Elisa, and one
son, Vincenzio. Elisa and her brother were born with
the paternal characteristic, a horny palm, and became
celebrated as workers in cameo. At twenty-four years
of age Benedetto had made a reputation as an
engraver of precious stones, having taught himself the
process, and constructed with his own hands the wheel
with which he worked. For several years he had sold
cameos worked in stones to one Angelo Bonelli, a
traveling dealer in gems. And discovering one day
that a specimen of his work had been stained to repre-
sent an antique, and sold for a high price, he resolved
for the future to place a secret mark. upon those he
sold. On one of these, the head of Flora, he cut two
Greek letters in the hair. The troubled condition of
Italy induced him to consider the advantage of pro-
ceeding to England. But, before emigrating, he
executed several orders for one of Napoleon’s sisters,
one ]l)?ortrait being cut 1n stone, much smaller than a
fly. Pistrucei brought to London a letter of introduc-
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tion to Mr. Konig, mineralogist of the British Museuin,
and by Lord Fife was introduced to Sir Joseph Banks.
The latter introduced him to Mr. Payne Knight, who
produced at the interview what he called the finest
Greek cameo in existence, a most choice gem, a frag-
ment of the head of Flora, for which he had paid
Bonelli 500 guineas. Pistrucei did not even take the
stone from the extended vpalm of Mr. Knight. A
glance disclosed the fact that it was that head of Flora
in whose hair he had cut two Greek letters, and for
which Bonelli had paid him £5. An unpleasant scene
resulted. The letters were plainly visible. But Bonelli,
realizing that his trade was at an end, boldly denoun-
ced Pistrucci. He pointed to the wreath of flowers
about the head in proof of his conceit that it was an
antique, asserting that no such flowers were then in
existence, but Sir Joseph Banks, examining them with a
microscope, exclaimed : ‘' The flowers are roses, as I am
a botanist.” Pistruceci offered to carve another Flora
exactly similar without looking again at the ‘‘antique.”
This challenge was not accepted. Then it was agreed
that he should cut a head of Flora in a different
R‘osition, and this was accepted as a test of his truth.

he story soon spread through London society.
Noblemen, scientific men, ladies of rank, watched the
growth of the new Flora under the hands of Pistrucei,
and when it was completed the dispute raged with
increased bitterness, so that Payne Knight’s antique
Flora became the question of the day. The con-
troversy at length ended with universal expressions of
sympathy for Mr. Payne Knight.

This stone may be seen in the Gold Ornament Room
at the British Museum. It is placed in the case of
‘“*Modern Engraved Gems,” upon which stands the
alabaster vase engraved with the name of Xerxes, and
is in the bottom row of the case. The face is exquisitely
beautiful, and the roses which are cut in the upper
colored layer of the stone are perfect. An attendant
will point out this Flora to any one who asks.

The dispute about the Flora indirectly brought about
Pistruceci’s appointment to the Mint as chief engraver,
and he designed and executed the George and Dragon
among other works. Afterward a considerable amount
of jealously was created by his employment among
the officers of the Mint, and the members of the Royal
Academy were divided about his appointment, one
portion insisting that native talent should be encour-
aged, the other division holding that he was the best
living engraver. To restore peace, his appointment
was subsequently styled that of ‘ chief medalist.”
He cut two portraits of the Queen in onyx, one as
Princess and the other with the diadem. On retiring
from the Mint, he took a cottage at Old Windsor,
where he died in his seventy-first year, in 1855, only
thirty-one years ago, and recently enough for him to
be well remembered by living men. His connection
with our own day’, and the distinctien to which one of
his pupils has risen, justify the introduction of his
name into this paper. His daughters, before their
father’s death, returned to Rome, where they practiced
cameo cutting with great success.

A brother of Pistrucci, the one who was a painter,
followed him to England, and gave lessons in drawing.
Among his pupils was James Ronca, now one of the
best cameo engravers in Europe. After being grounded
in the art of drawing, Ronca was put to an Italian
named Chelli, to learn the art of cutting cameos, and
he had for a fellow apprentice a youth name Ford.

Mr. James Roneca has frequently exhibited gems at
the Academy, and he now has the honor of carving the
portraits of the Queen and the late Prince Consort for
all the orders of Victoria and Albert which are be-
stowed by her Majesty. At one time the question of
teaching the process at the South Kensington School
of Art was discussed by the authorities, and arrange-
ments so far progressed that Mr. Ronca was selected as
the teacher. But the scheme was abandoned, owing,
as Mr. Ronca believes, to the fact that upon being
asked what probability there was for the future em-
ployment of skilled workers, he had the candor to say
that he did not know of any. This was at a time when
the fashion of wearing cameos had almost passed
away, and the class was never formed. But the Coun-
cil of the Society of Arts having had their attention
drawn to the subject, a few yearsago offered a prize
for cameo work, and this was awarded to a young lady
who had been taught by Mr. Ronca.

Mr. Ford, after learning to cut under Chelli, went to
Rome, and there perfected himself in the work. He
was afterward employed in Paris, and executed some
beautiful cameos in England. He is now the head of
the firm of Ford & Wright, Clerkenwell Green, diamond
polishers, and it was at his stand in the late Colonial
and Indian Exhibition that her Majesty, watching the
process of washing African gravel for diamonds, picked
one out of the soil, and directed that it should be

olished for her use. Mr. James Roneca, Mr. Ford, and

r. Williamn King, in the employ of Messrs. Francati &
Santa Maria, are the only three I know who are prac-
tically acquainted with the work of cutting cameos.

Mrs. Henry Mackarness, the well-known authoress
of ‘“ A Trap to Catch a Sunbeain,” a lady of acknow-
ledged taste and judgment, strongly recommmended the
art of cameo cutting in shell to the notice of ladies.
In an admirable work entitled ‘The Young Lady’s
Book,” published by Mr. George Routledge in 1876,
she thus speaks of the work : ‘‘ It is sufficiently simple
to be within the scope of many who possess taste,
patience, and deft fingers. . . . It cannot be acquired
without some instruction and considerable persever-
ance. But the instruction is within reach, and the

erseverance will be amply repaid by the results.”

his cameo cutting will ‘‘give young ladies a new and
elegant pursuit.” It will “‘raise their thoughts from
knitting and netting, and cultivate a taste for higher
pursuits. It can be practiced with half a dozen
small tools that take up scarcely any room. And, with
a little care and instruction, the art can be readily
acquired. Some knowledge of figure drawing is
necessary, and a correct eye. And it is needless to say
that the more skillful the artist in this respect, the
better her camneo work is likely to be.”

There are in the collections shown in the medizval
room of the British Museum several fine specimens of
shell cameos which date from medizval times, but
these shells were found in the Mediterranean; and
at South Kensington are a few specimens of shell
cameos worked in Rome. The only illustrations of the
artof progressive working in the conch shell in any mu-
seum inLondon are to be seen in the south court of South
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Kensington, where the portrait of Millais is shown in
the several stages of progress, together with the shell
from which the piece worked was originally cut. This
interesting specimen was presented by Mr. Ronca.
There are of course many separate specimens of carved
conch shelis, in whole and in pieces, at both the British
and South Kensington Museums.

There were two principal causes for the decline of
fashion in the wearing of cameos. The first arose from
the paucity of designs, and the second from the bad
workmanship engendered by overwhelming orders
being thrust upon a market in which only a limited
number of operatives were engaged. With regard to
the first cause, modern cameo cutters found no other
models than those which had been handed down from
the times of the ancient workers in gems. The cutters
were copyists merely, not true artists, and modern
taste was not satisfied with the representation of classic
deities, however daintily wrought. There was no
variety in the pose of figure, and the minutest detail
was settled one or two thousand years before. Thus
Apollo, Diana, Jupiter, Mercury, Sappho, and Venus
were represented in precisely the same manner they
have been a thousand times before, and the cameo
worn by a noble lady only differed in the quality of ex-
ecution from that worn by a greengrocer’s daughter.

How the sudden demand for cameos arose it is diffi-
cult to say, but orders were poured into Paris houses,and
the little colony of Italian and French workers found
themselves unexpectedly flooded with wealth. They
were men possessed of most skillful hands, but very
ignorant, and untutored economists, and they worked
hard for a portion of the week only, then shut them-
selves up in low wine houses, and with cards and
dominoes whiled away their time. Their wages were
soon exhausted by drink and gambling; and when
masters wanted workmen they had first to settle scores
they had run up, for the payment of which the land-
lords detained them. The natural result soon followed,
the quality of work deteriorated, and prices fell con-
siderably ; then houses undersold each other, and
cameos were cut at per dozen instead of per piece. When
the Franco-German war began, the cameo occupation
was at its lowest point, and the outbreak of hostilities
dispersed the major number of workers.

There are only two kinds of tools made use of by
workmen, the scawper and the spit-sticker. The
scawper is of two kinds, one having a flat side, and the
other a round side. With the round secawper, the white
of the shell is scooped out, and the face or design
modeled ; with the spit sticker the finer cuts are made;
and with the flat scawper the work is smoothed and
finished.

When at work, the cutter sits at a bench or table
which has what is called a peg or a pin serewed into it.
This projects a few inches from the table, and is hol-
lowed to allow of the stick resting within. But an
equally good peg is furnished by the fret-cutter’s grip,
which may be placed at the edge of the table, and, by
means of a wooden screw below, fixed tightly in its
place. This may be fastened without injury of any
kind to the table. One of the ad vantages which cameo
working in shell possesses is that it occasions no dust
or dirt, and does not involve the use of any machinery,
such as the gem cameo worker requires. If the work
is done at night, an engraver’s glass is requisite in or-
der to concentrate the light without glare upon the
shell. There are two kinds of these glasses; one is
filled with water in which sulphate of copper is dis-
solved, and clarified with oil of vitriol ; the other con-
sists of a large green glass eye, which moves up and
down an iron rod, and is screwed to the required
height. This is the better glass to use, as the oil of
vitriol, however much diluted, would, by the accidental

breakage of the globe, cause the destruction of any:

carpet over which it ran. But no glass is required
during the day time, and no artificial light is equal to
the natural light of day. Work should, therefore, be
confined to hours before dark.

The first thing to be done is to select a suitable piece
of shell for the subject to be cut. Small bits, of the
size of the little finger nail, may be bought for 3d.; and
oval pieces, from 45 to 48 millimeters in circuinference,
may be had at from 2s. to 8s. each ; and whole shells
from 5s. to 20s. each, aceording to the rarity. Inselect-
ing an oval piece, care should be taken to get one
without flaw. This is a difficult matter, and requires
a great deal of experience. Beginners should select
pieces tolerably smooth ; but practiced workers prefer
those which are irregular in their surface, because they
furnish more scope for the exercise of their skill. In
cutting these, the design follows the convolution of the
shell. It is dangerous to lower any one portion, be-
cause the white surface does not preserve the same
relative thickness all over the piece ; and unless care is
taken, the ground will show through. This is nota
disadvantage in the ear or the neck, but would be
serious if it was apparent on the forehead or in the
cheek. A skillful cameo cutter will, however, so ar-
range his design as to produce the blush of the ground
in such portions as to enhance the value of his work.
Having selected the piece, it is fixed with setters’
cement on a stick. The best are made out of a broom
handle; cut off five inches, run some cement on the
top, and press the ground of the shell into it while
warm. The shell adheres firmly, and is now ready to
be worked. In drawing the face, avoid, if possible,
the rough, rotten-looking patches. These are signs of
decay which may only be superficial, and disappear at
the first cut; but, on the contrary, they are more
likely to penetrate deeply, and may necessitate the
lowering of the whole face before they can be got rid
of altogether. Sometimes when the face has been
modeled, and nothing remains but the finishing, a
crooked line appears, which cameo cutters believe is
caused by the presence of a wormn in the early develop-
ment of the shell. This is very difficult to get rid of.
Hence extreine care is necessary in selecting the piece
for working. A third fault is ‘‘flaking,” when, by a
single cut, the whole of the forehead chips off, or half
the nose disappears. There is no remedy then; the
whole face must be cut in low relief, or the piece be
thrown aside altogether; the latter is often the pre-
ferable course. But all these risks are minimized by
experience. Having got a satisfactory piece mounted,
the stick is held in the left hand, and the face drawn
upon it in lead pencil, a little larger than the size
actually required. A skillful man will not use a pencil,
but cut away at once, and rough out the head and face
very quickly. A workman can cut a portrait from a

photograph in a few hours; the beginner should not
spend more than two hours at asingle sitting. Having
drawn the face, take up a scawper, and cut the outline
almost down to the ground; then separate the hair
from the forehead, outline the ear, divide the mouth
and nose from the cheek by a single upward cut to the
eyebrow; from the corner of the nose cut a triangle—
that will form the eye ; make two cuts for the nostril
and chin, and midway another cut will mark the
mouth ; sink the neck, outline the collar and coat;
then the face is what is technically known as ‘‘rough-
ed.” At this point it is an interesting study to watch
the cameo worker’s method. With a scawper in his
hand, he makes cuts all over the face, indents the
cheek, smooths the ear, fashions the nostrils, lowers
the nose, works at the mouth, forms the lips, cuts the
chin, rounds the little triangle which contains the eye,
marks the arrangement of the hair, with a cut here
and there trims the beard; and so passes over the
whole face again and again, bringing every portion in-
to harmony before finishing any one feature. When
the triangle has been duly rounded, and the eyebrow
formed, a single cut separates the two lids of the eye,
and lowers the eyeball at the same moment. When
the eye is open, the likeness is complete ; a portrait be-
comes apparent when the nose and mouth are cut, but
the fashion of the eye is necessary to make it perfect.
The ear and the hair play important parts in complet-
ing the face. To fashion the hair requires a great
amount of skill, and the beginner is timid in making
his cuts, but he is aided in forming the curved tresses
by turning the stick to meet the scawper he is
using. A fine scawper is necessary to cut the
whiskers and  beard, and the cuts should be short
and curved. When the whole face has been mod-
eled to the satisfaction of the eye, the third process
begins—that of finishing In this operation the spit
sticker plays an important part. The upper eyelid
is under-cut, which adds very much to the appearance
of the eye ; the hair is also traversed by the spit sticker,
as well as the beard, and the tool smooths where it
cuts. Finally, aflat graver is used to smooth forehead,
cheeks, nose, and chin, taking out all marks of cuts,
and softening the appearance of the whole.

In beginning, the learner should cut a few simn-
ple outlines, such as are furnished by the rose, the
lily, or the fuchsia; the hand soon becomes accustomed
to the use of the tools, and the timid cut becomes ex-
changed for the vigorous and graceful stroke of the
artist. When progress has been made so far as to
justify the cutting of a face, the learner should begin
with separate features—the ear, the mouth, the nose,
or eye ; the hair will require a considerable amount of
practice, but by perseverance all difficulties vanish,
and when the features can be cut to the satisfaction of
the teacher, then a whole face should be tried where
no likeness is necessary. To produce a portrait, take
a tracing and draw a star across it, then transfer the
face to a star upon the shell. Make free use of a pair
of compasses. The variations of eye, nose, mouth, ana
hair are quickly caught, and the likeness is complete.
A portrait is not obtained by a series of bold sweeping
cuts, but rather by a multitude of light touches, in
}Jvhich the surface is gradually shaved into therequisite
orm.

Great care is necessary in working the shell so as not
to cut into the ground, on account of the extreme dif-
ficulty of removing any mark. When the work is
finished, the first thing to do is toremove all marks
from the ground. This is effected by the use of pow-
dered pumice stone and water, applied on a piece of
pointed wood. The next process is to smooth the sur-
face with pumice stone and oil. Wash with a soft
brush and warm water, then polish with the dust of
the rotten stone and sulphuric acid mixed to a paste,
and aﬁplied on the point of a piece of wood.

With respect to the articles required for commencing
work, the following list embraces all that are neces-
sary : Four round-sided and one flat scawper, one spit
sticker, one file; seven tools, 1s. 9d.; one fret worker’s
grip, 1s.; a dozen pieces of shell of various sizes, 5s.;
one broom handle, 2d.; cake of cement, 1d.; one oil-
stone, 5s.; total, 13s. With such an outlay one can
begin work at once. All these articles may be pur-
chased at the shop of Messrs. Gray & Son, dealers in
jewelers’ materials, Clerkenwell Green, or at the shop
(S>f l\vlvr G. Schultz, cutler, 27 Sloane Square, Chelsea,

If the cost of these tools is compared with the ex-
penditure necessary on many occupations to which
ladies and gentlemen devote their talents in spare
hours, it will be admitted that cameo cutting carries
the palm for cheapness. When it is further considered
that this may be resorted to for an hour, at any time,
and does not involve the use of any machinery for its
pursuit, nor the exclusive possession of any special
table, while it is absolutely free from dirt or dust in-
jurious to furniture, to the carpet, or to the dress,
that it is not trying to the sight, and not attended
with risk to the hands, it must be apparent that in
cameo cutting an occupation is presented which has
undoubted claims to consideration. All who engage
in it become fascinated by the results which are ob-
tained.

Children of tender years quickly become absorbed in
the work, which not only trains the eye and the hand,
but elevates and corrects the taste. To what more
pleasant use could a child put the knowledge of draw-
ing which it has gained at school? But it is not solely
as an occupation for children that cameo cutting should
be considered. Between the simple forms which a
child may cut and the classic groups of finished a7-
tistes such as abound, there is scope for the exercise of
every degree of talent. There are artistes in cameo now
in Rome and Paris whose touches are readily identified
whatever they treat, in the same way that the touches
of a first-class sculptor are recognized. This society
has already revived in England the practice of wood
carving. fs not that of cameo cutting a kindred pur-
suit equally deserving of cultivation ? Wood carving
is an ancient industry revived, cameo cutting is an en-
tirely fresh one, and its practice would add a new
source of enjoyment and of wealth.

French taste, German industry, Italian art, meet us
in the markets of the world, and strive for complete
ascendency, to the exclusion of British productions ;
but with an improved education, a more elevated taste,
and indomitable industry, we may become tormidable
rivals even in departments from which we have hith-
erto been thrust out. As a very unassuming worker
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‘of cameos, I desire to recommend the art to your con-

sideration.

Mr. Marsh further said in reply to questions, that he
thought it was in portraiture that those who took up
thisart would mainly succeed. You could not at pres-
ent go into any shop or warehouse in London and get
a portrait cut upon a cameo without the photograph
being sent to Paris or Rome. But the few specimens on
the table would show that it was quite possible for
any one with a fair artistic ability, and a little training
of the hand, to acquire the power of cutting portraits
successfully.

With regard to the use of the cameo when cut, it was
eminently adapted for the ornamentation of furniture
in the way suggested, but the ornamentation need not
be confined to portraits. Flowers, groups of figures,
and other designs suitable to such purposes were in-
numerable. He might mention that there was present
a young Englishman who would be prepared to give
instruection in this art, and he was the only one in Lon-
don who could cut portraits. It was a curious fact
that until he went to him about a twelvemonth ago,
and asked him for a little help out of a difficulty in
cutting a face, he had never attempted to cut a por-
trait, but he could now do it with a facility and finish
equal to any artist in Rome.

He was pleased to hear Mr. Simmonds suggest that
some better use should be found for these beautiful
shells than grinding them up for lime. He should have
much pleasure in communicating with the City and
Guilds Institute, as Mr. Roberts suggested, and point-
ing out to them that the services of a teacher could be
secured. Of course, before a teacher was engaged,
pupils must be found, but he thought, with the pub-
licity given to the matter in the Journal, pupils would
be making inquiries, and by communicating with the
City and Guilds Institute, pupils and teacher might be
brought together.

Having drawn attention to the specimens of shells
sent by Mr. Santa Maria, he thought it best to use the
name commonly applied to them, the conch, rather
than the Latin names for the different varieties, but
these would be found in the printed paper. He had
had innumerable applications to cut portraits, but as
he only practiced the art as an amuseément, he could
not gointo it as a business. He had not the smallest
doubt, however, that in portraiture there was a large
anéi remunerative field to those who would acquire the
art.

ON KITES.

THE mode of constructing kites is very different in
various countries. The following isthemode in Russia:

L‘ f
i

il

3
Fias.1 To 4#—THE RUSSIAN KITE.

Selection is made of quite a tough paper of rectangu-
lar form, whose length is from 114 to 14 time its
width. To the edges of this are glued four light strips
of wood and two diagonals (Fig. 1). For greater
strength, the ends of the three strips that cross each
other at the corners are connected by strings. The
cord is divided into three branches, one of which holds
the kite by the center C, the two others by the corners
A and B. To this effect the center of the kite is pune-
tured by making a hole through the two diagonal
strips which ecross at that point. A string is passed
through this hole, and fixed by means of a large knot
formed in the end of it. The length of this string
should be equal to the distance from the center to the
upper edge. Another string is attached by one end to
the corner A, and by the other end to the corner B.
The length of this string should be equal to AC+4CB,
C being the center. After this, the middle of the string
is connected with the middle of the one starting from
the center. In this way we have a skeleton prism
whose edges are represented by the strings united as
has been explained, and the base by the portion ;ABC
of the kite. The cord is affixed to the point where the
three strings meet (Fig. 2). We now proceed to affix
the tail. Taking quite a long string, we fix one end to
the corner E, and the other to the corner F. The
length of this string is usually made equal to ED+DF.
The tail of the kite is attached to the middle of this
string, and usually consists of a long string to which
pieces of paper are fixed at intervals, and at the end of
which is attached a heavier piece of paper or a rag.
The weight to be given these tail appendages is to be
found by experiment. If it is too great, the kite will
not rise, and if it is too little, the kite will have no sta-
bility in the air and will be apt to dive. One important
thing to see to is that the tail be not too short. It
might almost be saidfthat the longer it is, the better.
In order that the kite may have more stability and
more resistance to the wind, it is made convex at its
upper part.

To this effect, the two upper corners, A and B (Fig.
2), are drawn slightly backward by means of a string
that is a little shorter than the upper edge, AB. If to

this string there be attached a piece of stiff paper in
the shape of a double crescent (Fig. 4), folded in two,
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this paper, when agitated by the wind, and striking
the kite, will make quite a loud humming noise.

Kites constructed according to this method have
great ascensional force. A kitejabout a yard in length
is capable of easily lifting a Chinese paper lantern. If
a lighted candle be put into this latter, and the kite be
sent up at night, the effect will appear very curious to
those who, from a distance, observe this species of
moving star in the heavens.

An artillery captain at Toulouse sends us the follow-
ing information in regard to the musical kites used in
Tonkin by the Annamites:

‘T have the honor of sending you some sketches of
a kite (Fig. 5) that I have seen operating in the vicin-
ity of Haiphing,in Tonkin. A large numberof Annam-
ites, children and men, amuse themselves in sending
up this kite, which, when once in the air, is fixed to
the ground by the cord, and left to itself. It is not
rare to see an urchin seated upon the back of a buffalo
(to whose horns the kite is attached), and moving about
to the sound of the reed pipe fixed to the kite.”

The annexed sketches (Fig. 5) render our correspond-

F1a. 5—MUSICAL KITE.

ent’sinformation complete. From M and N, the kite has
a course of about from 2 to 4 inches radius. Thiscurve
is obtained by tautening the string extending from M to
N. Areed pipe, E, isfixed on the opposite side, above the
kite. The air rushes into the two apertures of this, and
produces a sound that can be heard from afar. The
reed is fixed to the kite with a small piece of bamboo
that traverses it in the center like the principal piece,
B, and is about 2 inches distant from the body of the
kite. Sometimes the Annamites use two reeds, one
placed above the other, the upper one being smaller
than the under.

DRIVING A NEEDLE THROUGH A COIN.

WE know that one body is harder than another when
it is capable of scratching the latter. A piece of glass
scratches marble, a bit of diamond scratches glass ; so
glass is harder than marble, and the diamond is harder
than glass. The steel blade of a knife seratches cop-
per ; so steel is harder than copper, and it is not im-
possible to pierce a copper coin with a needle that is
much harder than it. he problem at first sight ap-
pears insoluble, because if we endeavor to drive a
needle into a cent, just as we would drive a nail into a
board, we never fail to break the needle at every at-

METHOD OF: DRIVING A NEEDLE THROUGH
A COIN.

tempt, since steel, although very hard, is very brittle.
But if, through some artifice, we succeed in holding
the needle straight and rigid over the cent, we can
drive it into the copper with a hammer.. To do this, it
is only necessary to introduce the needle into a cork of
the same length, when, being held in a true sheath, it
will be unable to bend in any direction, and can be
given a hard blow in the direction of its axis without
being broken.

Under such circumstances, place the needle and its
cork over a cent laid upon a bolt nut, or even upon a

table that you do not fear to injure, and then take a|.

gomewhat heavy locksmith’s hammer and strike the

cork”a hard blow, as shown in the figure. If the blow
be true and a very hard one, the needle will pass
through the cent, and it will be impossible to remove
it. The experiment may be tried with any other piece
of money. We should add that success may not at-
tend the first blow, and it will be necessary to make
several trials; but the fact is real, and we have on
hand a cent thus traversed by a slender needle.

IS BOTANY A SUITABLE STUDY FOR YOUNG
MEN ?

By J. F. A. ApAams, M.D.

AN idea seems to exist in the minds of some young
men that botany is not a manly study ; that it is mere-
ly one of the ornamental branches, suitable enough for
young ladies and effeminate youths, but not adapted
for able bodied and vigorous brained young men, who
wish to make the best use of their powers. 1 wish to
show that this idea is wholly unfounded, but that, on
the contrary, botany ought to be ranked as one of the
most useful and most manly of studies, and an impor-
tant, if not an indispensable, part of a well rounded
education. In support of this view, these four good
and cogent reasons can be adduced :

1. The study of botany is an admirable mental disci-
pline. Any education is- defective which includes no
training in the scientific method of study ; that is, in
developing the powers of careful, minute observation
and comparison in some department of nature. By
this means is acquired the habit of investigation, or
the seeking out of nature’s mysteries by the use of one’s
own senses, instead of trusting wholly to the observa-
tions of others. This method of study may be learned
through any branch of science; but botanY presents
this advantage, that it can be pursued with less incon-
venience and less expense than anyother. The mental
training which botany affords is very thorough. The
details of plant structure are infinite, and essential
peculiarities are often so hidden as to be recognized
only by the most minute investigation. This involves
the use of the microscope, which every educated man
ought to understand, since it reveals to the eye a newly
discovered and wonderful world,—a world of which our
grandfathers had but the faintest glimpses, but which
is scarcely inferior in interest to that larger world
which the unaided eye can see. After this training of
the powers of perception and comparison comes the
process of generalization, whereby the laws of vege-
table life are determined from the study of plant forms
and modes of growth. Thus is acquired the habit of
inductive reasoning. or the supporting of every general
proposition upon a solid foundation of positive, indis-
putable fact.

Learning the names of plants is but the beginning of
the study of botany. It is like learning the names of
our companions or schoolimates before we become
really acquainted with them. After we have learned
to tell plants apart and to call them by name, we have
presented for study such problems as the laws governing
their distribution, the relation between the floras of
different continents, and the relation of variety to
species, which introduces the subject of Darwinism.
The study of botany also includes the fossil plants, and
by enabling us to trace the vegetable kingdom from its
first appearance upon the earth through all the vary-
ing conditions of the geologic ages, opens those tremen-
dous scientific questions as to the birth and infancy of
this world of ours which we now see in its maturity,
and as to what it will become in its old age. These
researches afford not only the amplest mental training,
but abundant occupation for the longest life.

2. The study of botany promotes physical develop-
ment. The botanical student must be a walker ; and
his frequent tramps harden his muscles and strengthen
his frame. He must strike off across the fields, pene-
trate the woods to their secret depths, scramble
throu%h swamps, and climb the hills. The fact that
he walks with an earnest purpose gives a zest to these
rambles ; and he comes home proud and happy from
his successful search for botanical treasures, with a
keen appetite and an invigorated body and mind. He
has enjoyed himself more thoroughly, and gained more
substantial benefit, than those who have devoted the
same time to the bat, the racket, or the bicycle. In
his vacations the young botanist can toughen himself
by making long and delightful excursions, living all
summer in the open air, and may even have opportuni-
ties for joining government exploring parties, and
enjoying the active out of door life, full of adventure
and useful experience.

3. The stucfy of botany ts of great practical utility.
It is an essential preparation for several important
pursuits. The physician and pharmacist need to have
a practical knowledge of those plants which are used
as medicines ; and, if this knowledge is not acquired in
early life, the opportunity never afterward presents
itself. For the protection of our rapidly dwindling
forests, the services of many skilled foresters will soon
be required ; and the forester must be a practical botan-
ist. So must also the horticulturist, whether profes-
sional or amateur. For the most accomplished bo-
tanists, who desire to make this their life work, there
will alwaysbe places as instructorsin our many colleges.

4. The study of botany is a sourceof life-long happi-
ness. Whatever may be one’s station or pursuit in
life, it is a great thing to have an intellectual hobby,
which will afford agreeable and elevating occupation
in all leisure hours. Botany is one of the best of hob-
bies. It can be studied out of doors from early spring
till the snow falls; and even in winter there is plenty
to be done in the analysis of dried specimens and the
care of the herbarium. The botanist lives in the
fresh air and sunshine ; and when he leaves the world
behind, and seeks, amid the solitudes of nature, to

enetrate her wondrous mysteries, he feels the quicken-
ings of a higher life. A taste for botany wonderfully
enhances the pleasures of travel, and also gives happi-
ness and content to him who stays at home. Itis
equally efficacious in preventing the ennui of wealth
and the anxieties of poverty. If one’s surroundings
are uncongenial, and life proves full of cares and dis-
appointments, it is a great solace to be able tosay with
Aurora Leigh,
‘1 was not therefore sad,
My soul was singing at a work apart.”™

For these reasons it is obvious that the study of
botany is peculiarly rich in those elements which con-
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duce to a vigorous mind and body and a robust charac-
ter. It is therefore pre eminently a manly study, and
an invaluable part of a young man’s education. The
student may rest assured that the time and effort
devoted to it are well spent ; for the result will be to
make him a wiser, stronger, more useful, and happier
man.—Swiss Cross.

MEDICATED GAS.

THE treatment of pulmonary phthisis with rectal
injections of medicated gases has been reported upon
favorably by Dr. Bergeron (Brit. Med. Journ., Oct. 2,
p. 651). About four or five liters of carbonic acid gas
is passed through one-quarter to half a liter of a mine-
ral water containing sulphur, and then introduced into
the rectum, two injections being made in the course
of twenty-four hours. After two days of this treat-
ment cough is reported to have been cured, expecto-
ration modified in quantity and character, profuse
perspiration stopped, and the general condition im-
proved, even in cases in the confirmed stages of
phthisis.

A CATALOGUE containing brief notices of many im-
portant scientific papers heretofore published in the
SUPPLEMENT, may be had gratis at this office.
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