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the watchword of Realism, in season and out of
season, and is therefore hound to be veracious,

Meanwhile one of the prettiest and most
charactenistic features of Curzola, an extensive
ship-vard overshadowed hy venerable trees,
where half the trading-boats that ply in these
waters are constructed, seems (o have escaped
the notice of the guide-book makers altogether.
Nor have they cared to let their fancy © play *
e any great extent about either Lissa or Mel-
eda, though each of these islands has interest-
ing associations. It was off the former that the
first proud navy of United Italy sustained so
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crushing a defeat at the hands of Admiral Te-
getthoff in 1866, the bodies that were recov-
ered after that fierce engagement having been
allinterred in the peaceful Campo Santo there ;
while Meleda, the southernmost of the four
islands, prefers a plausible claim to have been
the scene of 3t. Paul's shipwreck. For are we
not explicitly informed that the island to which
he escaped was called Melita 7 And our hearts
will henceforth swell with a new sympathy for
the apostle to the Gentiles whenever we read
that the disaster took place after he had been
driven up and down in Adria”

[T be contimized.)

Hurrict Walers Freston,

TESLA'S OSCILLATOR AND OTHER INVENTIONS,

AN AUTHORITATIVE ACCOUNT OF SOME OF HIS RECENT ELECTRICAL WoORE.L

KOBELEFF, the great Russian
general,once said of the political
conditions in Central Asia, that
they changed every moment;
hence thenecessity forvigilance,
no less the price of empire than

of liberty., Thus changeful, also, 1s the aspect

of that vast new electrical domain which the
thought and invention of our age have subdued.

They who would inform themselves expertly

about it in whatever respect, must ever keep up

an attitude of strained attention. Its theoretical
problems assume novel phases daily. Ttsoldap-
pliances ceaselessly give way to successors. Iis
methods of production, distribution, and utiliza-
tion vary from vear to vear, Itsinfluence on the
times is ever deeper, el one can never be quite
sure into what part of the social or industrial
svstem it is next to thrust a revolutionary force.

Its fanciful dreams of yesterday are the magnifi-

cent triumphs of to-morrow, and its advance

toward domination in the twentieth century is
as frresistible as that of steam in the nineteenth.
Throughout this change there has prevailed
a consistency of purpose: a steady aim has
been leveled at definite goals; while useful
artsin multitude attest the solidity of the work
done. If, therefore, we find a tremendous cut-
burst of activity at the very moment when,
after twentv-five vears of superlative produoc-
tiveness, electricians were ready, with the re-
forming English statesman, to rest and be

1The phelogeaphs reprodeced in this article were
taken, under the special direction of the inventor, by
Tonnele & Co.

thankful, we may safely assume that elec-
tricity has reached another of those crucial
points at which it becomes worth the while of
the casual outside observer to glance at what
i1z going on. To the timid and the conserva-
tive, even to many initiated, these new depar-
tures have indeed become exasperating. They
demand the unlearning of established facts, and
insist on right-about-faces that disregard philo-
sophical dignity, The sensations of a dog at-
templing to drink sea-water after a lifetime
spent on inland lakes are feeble compared with
those of men who discover that electricity iz
guite other than the fluid which they have be-
lieved it to be from their youth up, and that
actually there is no such thing as electricity or
an electric current,

Electricity has, indeed, taken distinctively
new ground of late vears ; and its present state
of unrest — unsurpassed, perhaps, in other re-
zions of research — is due to recent theory and
practice, blended in a striking manner in the
discoveries of Mr, Nikola Tesla,? whao, though
not altogether alone, has come to be a fore-
most and typical figure of the era now begun.
He invites attention to-day, whether for pro-
found investigations into the nature of elec.
tricity, or for beawtiful inventions in which is
offered o conerete embodiment of the latest
means for attaining the ends most sought afier
in the distribution of light, heat, and power,
and in the distant communication of intelli-

2 A hiographical skewch of Mr. Tesla, Ly the pres-
ent writer, with portrait, appeared in THE CEXTURY
for Febroary, 184, —EDITOR.
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gence, Any one desirous of understanding the
trend and scope of modern electrical advance
will find many clues in the work of this inven-
tor. The present article discloses a few of the
more important results which he has attained,
some of the methods and apparatus which he
employs, and one or two of the theories to
which he resorts for an explanation of what is
accomplished.

By a brief preliminary survey, we may de-
termine our historical longitude and latitude,
and thus ascertain a little more precisely where
we are, It is necessary to recapitulate facts
known and accepted. Letit, then, be remarked
that aside from the theories and interpretations
that have beset the science, electricity as an
art has for three hundred years been directed
chiefly to securing an abundant, cheap, effi-
cient, and economical supply of the protean
ageney, be it what it may. Frictional machine,
Leyden jar, coil, battery, magnet, dynamo, os-
cillator,— these are but the steps in a process
asregular and well-defined as those which take
us from the aboriginal cradling of gold out of
river sands up to the refining of ore with all the
appliances of modern mechanism and chem-
istry, Each stage in electrical evolution has
seen the cofiquest of some hitherto unknown
art — electrotherapy, ‘telepraphy, telephony,
electric lighting, electric heating, power trans-
mission ; yet each has had limitations set on
it by the conditions prevailing. With a mere
battery much can be done ; with a magnet, still
more; with a dyname, we touch possibilitics of
all kinds, for we compel the streams, the coal-
ficlds, and the winds to do us service: but with
Mr. Tesla’s new oscillator we may enlist even
the ether-waves, and tumn our wayward re-
cruits into resistless trained forces, sweeping
across continents of unimagined opportunity,

The dynamo, slawly perfected these fifty
years, has rendered enormous benefits, and is
destined to much further usefulness. it all
that we learn now about it of any intrinsic
value is to build it bigger, or to specialize it;
and the moment a device reaches that condi-
tion of development, the human intellect casts
about for something else in which the elemonts
are to be subtler and less gross. Based upon
currents furnished by modern dyname-electre
machines, the are-light and the trolley-car seck
ta monopolize street illumination and transpor-
tation, while the incandescent lamp has pre-
empted for exclusive occupancy the interiors
ofour halls and homes. Yet the abandonment
of gas, horses, and sails is slow, because the
dynamo and its auxiliaries have narrow houn-
daries, trespassing which, they cease to offer
any advantage. We can all remember the high
hopes with which, for example, incandescent
lighting was introduced some fiftcen years ago.
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Even the most cynical detractor of it will ad.
mit that its adoption has been quick and wide-
spread; but as a simple matter of fact, to-day,
all the lamps and allthe lighting dynamosin the
country would barely meet the needs of New
York and Chicago if the two cities were to use
no other illuminant than electricity. Inall Eng-
land there are only 1,750,000 incandescent
lamps contesting for supremacy with probably
75,000,000 gas-bumers, and the rate of increase
is small, if indeed it exceeds that of gas, Evi-
dently, some factor is wanting, and a new
puint of departure, even in mere commercial
work, isto besought,so that with longer circuits,
better current-generating apparatus,and lamps
that will not burn out, the popular demand for
a pure and perfect light can be met. In power
transmission, also, unsatisfied problems of equal
magnitude crop up., “Is there any load that
water cannot 1ift ? " asked Emerson. © Ifthere
e, try steam; or if not that, try electricity. Is
there any exhausting of these means?" None,
provided that our mechanics be nght.

It must not be supposed that the new ¢lec-
tricity is iconoclastic. In the minds of a great
many people of culture the idea prevails that
invention 15 as largely a process of pulling down
as of building up ; and electricity, in spreading
from one branch of industry to another, en-
counters the prejudice that always rebufis the
innovator. The assumption is false. It may
be true that in the gladiatorial arena where
the principles of science contend, one party or
the other always succumbs and drags out its
dead; but in the arts long survival is the law
for all the apphiances that have been found of
any notable utility, It simply becomes a ques-
tion of the contracting sphere within which
the old apparatus is hedged by the advent of
the new; and that relation once established
by processes complex and long continued, ca-
pable even of mathematical determination, the
two go on together, complementary in their
adjustment to specific human needs. In its
latest outgrowths, electrical application exem-
plifies this. After many years' use of dynamo-
electric machinery giving what is known as a
% continuous current,” the art has reached the
conclusion that only with the * alternating cur-
rent ™ can it fulfil the later duties laid upon it,
and accomplish the earlier tasks that remain
untouched,  With the continuous current we
have leamned the rudiments of lighting and
power distribution.  With the alternating cur-
rent, manipulated and coaxed to yield its
highest efficiency, we may solve the problems
ol agérial and manne navigation by electricity,
operate large rallway systems, transmit the en-
ergy of Niagara hundreds of miles, and, in Mr.
Tesla's own phrase, “ hook our machinery di-
rectly to that of Nature,™
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THE GENERATION OF CURRENT.

LET us see wherein lies the difference be-
tween these two kinds of currents. In all
dynamos the generation of what we call elec-
tric current is effected by the whirling of coils
of wire in front of magnets, or conversely.
The wires that lead away from the machine
and back to it to complete the necessary cir-
cuit, may be compared to a circle of troughs
or to a pipe-line; the coils and magnets are
comparable to pump mechanism; and the
lamps or motors driven by the current, to
fountains or fatcets spaced out on the trough
circle. This comparison 1s crudity itself, but
it gives a fairly exact idea. The current travels
along the surface of the wire rather than in-
side, its magnetic or ether whorls resembling
rubber bands sliding along a lead-pencil. A
machine that produces continuous current,
dipping its wire coils or buckets into the mag-
netic field of force, has all its jets, as they come
around to discharge themselves, headed one
way, and complicated devices called * commu-
tators "™ have been unavoidable for the purpose
of “rectifying ™ them. A machine that pro-
duces altefnating currents, on the contrary,
has its jets thrown first into one end of the
trough system, and then into the other, and
therefore dispenses with the rectifving or com-
mutating valves. On the other hand, it re-
quires peculiar adjustment of its fountains and
faucets to the streams rushing in either way.
It is an inherent disadvantage of the continu-
ous-current system that it cannot deliver energy
successfully at any great distance at high pres-
sure, and that therefore the pipe-line must be
relatively as bulky as were the hollow wooden
logs which were once employed for water-con-
duits in New York, The advantage of the alier-
nating current is that it can be delivered at ex-
ceedingly high pressures oververyslenderwires,
and used either at that pressure or at lower or
higher ones, obtained by means of a * trans-
former,” which, according to its use, answers
both to the idea of a magnetic reducing valve,
and to that of a spring-hoard aceelerating the
rapidity af motion of any object alighting on it.
Cbviously o transformer cannot return more
than is put into it, so that i gives out the cur-
rent received with less pressure but in greater
volumne, or raised in pressure but diminished 1n
the volume of the stream.  In some like manner
a regiment of soldiers may be brought by ex-
press to any wharf, and transferred, Indian file,
w0 a salling barge or an ocean liner indiffer-
¢ntly ; but throughout the trip the soldiers will
constilute the same regiment, and when picked
up by another train across the ferry, the body,
though there be loss by desertion and sickness,
will retain its identity, even if the ranks are
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broken in Alling the cars, and are reflormed
four abreast at the end of the journey,

ALTERNATING CURRENTS.

LEr us, still recapitulating familiar facts,
make the next step in our review of what is in-
volved in the resort to alternating currents, It
was stated above that the current-consuming
devices such as motors, likened to fountains,
needed peculiar adjustments to the inflow first
from one side and then from the other. Nat to
put it at ali too strongly, they would not work,
and have largely remained inoperative to the
present time. Lamps would burn, but mo-
tors would not run, and this fact hmted sen-
ously the adoption and range of the otherwise
flexible and useful alternating current until Mr.
Tesla discovered a beautiful and unsuspected
solution of the problem, and thus embarked on
one part of the work now revealing grander
possibilities every day. The transmission of
the powerof Niagara has become possible since
the discovery of the method,  In his so-called
Y rotating magnetic field,” a pulley mounted
upon a shaft is perpetually running alter a mag-
netic * pole ™ without ever being able to catch
it. The fundamental idea is to produce mag-
netism shifting circalarly, in contrast with the
old and known phenomenon of magnetism in
a fixed position,  Those who have seen the pa-
tient animal inside the treadmill wheel of the
well at Carisbrooke Castle can form an idea of
the ingenuity of Mr. Tesla’s plan.

Ordinarily, alternating-current generators,
such as are pow in common wse, have a great
number of projecting poles to cause the al-
ternations of current, and hence their ©fre-
quency ™ 1s high—that 1s, the current makes a
great many to-and-fro motions per second,
and each ebb-and-flow in the circuit is termed
the “period” or “ frequency,” one zlterna-
tion being the dse from zero to maximom
value and down to nothing again, and the
other the same thing backward.  If we ruled
a horizontal straight line, and then drew a
round-bellied Hogarth curve of beauty across
it, the half of the corve above the hne would
be ilustrative of the positive flow, the lower
half of the negative flow; the top of one oval
and the bottem of the other oval would be the
positive and negative maxima respectively ;
and the point where the curve crossed the
straight line would mark the instant when the
current changes s direction. A swinging
pendulum is an analogy favored by scientists
n their endeavors to illustrate papularly the
process of the generation of the alternating
current.  Each time the copper wire in the
colls on the dynamo armature 15 rotated past
the poleafthe dynamo field, the currentsin each
coil follow this rise and fall; so thatthe number
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of the magnets and coils determines the period
of frequency, asstated, Themore numerousthe
magnels, and the faster the rotation of the coils,
the guicker will be the e¢bbs and flows of cur-
rent, But the character of the work to be done,
and existing conditions, govern the rate at
which the current is thus to be set vibrating ;
and no small amount of skill and knowledge
enters here, ‘The men who can predicate the
right thing to do are still few and far between.
The field hasas yetbeenlittle explored. More-
over, in one of the deepest problems now
engaging the thought of electrical engineers,—
namely,the productionof cheap lightand cheap
power by these new means,— opposite condi-
tions pull different ways. Mr. Tesla made up
his mind some time ago that for motor work
it was better to have few frequencies ; and the
whole drift of power transmission is en that path,
the frequency adopted for the work at Niagara
being only twenty-five. But,as was natural, he
ranthrough the whole scale of low and high fre-
quencies, and soon discovered that for obtain.
ing light, one great secret lay in the utilization
of currents of high frequency and high poten-
tial.  Some years ago, after dealing with the
power problem as above described, Mr. Tesla
attacked the light problem by building a num-
ber of novel alternating-current gpenerators for
the purpose, andattained with themalternations
upto 3o,000 persccond. These machines tran-
scended anything theretofore known in the art,
and their currents were furtherraised inpressure
by “'stepup® transformers and condensers, But
these dynamos had their shortcomings, The
number of the poles and coils could not be in-
definitely increased, and there was a limit to the
speed. To go to the higher frequencies, there-
fore, Mr. Tesla next invented his “disruptive
discharge coil,” which permitted him to reach
remarkably high frequency and high pressure,
and, what is more, to obtain these qualities
from any ordinary current, whether alternating
or continuous.  With this apparatus he sur-
prised the seientists both of this country and of
Europe in a series of most interesting demon-
strations. It ismot too much to say that these
expenments marked an epoch in electricity,
vielding results which lie at the root of hiz later
work with the escillater in an inconceivably
wider range of phenomena,

THE TESLA OSCILLATOR.

UF to this point we have been considering
both continuous-current and alternating-cur.
rent dynamaos as driven by the ardinary steam-
engime. Perhapsnine tenths of all the hundreds
of thousands of dynames in the world to-day
are so operated, the remainder being driven by
water-wheels, gas-engines, and compressed air,
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Now, each step from consuming the coal under
the boilers that deliver steam to the engines, up
to the glow of the filament in an incandescent
lamp, 1s attended with loss. As in every other
cycle that has todo with heat transformation, the
encrgy is more or less frittered away, just as in
July the load in an iceman's cart crumbles and
melts in transit along the street. Actual tests
prove that theenergy manifesting itselfaslight in
an incandescent lamp is barely five per cent, of
that received as current, In the luminosity ofa
gas lame the efficiency is even smaller. Profes-
sor Tyndall puts the useful light-waves of a gas
flame at less than one per cent. of all the waves
caused by the combustion going oninit. 11 we
were dealing with a corrupt city government,
such wretched waste and inefficiency would not
betolerated; andinsad reality the extravagance
15 but on a par with the wanton destruction of
whaole forests for the sake of a few sticks of lum-
ber. Armies of inventors have flung themselves
on the difficulties involved in these barbaric
lnsses oecurring at every stage of the calorific,
mechanical, and electric processes ; and it 1s in-
deed likely that many lines of improvement
have already been compelled to yield their
utmost, reaching terminal forms, A moment's
thought will show that one main object must
be the elimination of certain stepsin the trans-
fier of the energy; and ohvinusly, if engine and
dynamo both have large losses, it will be a gain
tomerge the two pieces of apparatus. The old-
fashioned electric-light station or street-railway
power-house is o giddy maze of belts and shafit-
ing ; in the later plants engine and dynamo are
coupled directly together on one base, This is
a notable stride, bue it still leaves us with a
dynama in which some part of the wire wound
on it is not utilized at every instant, and with
an engine of complicated mechanism, The
steam-cylinder, with its piston, is the only thing
actually doing work, and all the rest of the im-
posing collection of fiy-wheel, povernor-balls,
eceentrics, valves, and what not, is for the pur-
pose of control and regulation.

Inhis oscillator Mr. Tesla, to begin with, has
stripped the engine of all this governing mech.
anism. By giving also to the coils in which
the current 15 created as they cut the “lines of
force " of the magnets, a to-and-fro or recipro-
cating motion, so that the influence on them is
equal in every direction, he has overcome the
loss of the idle part of the wire experienced
in rotating armatures ; and, moreover, greatest
achievement of all, he has made the currents
regulate the mechanical motions, No matter
how close the governing of the engine that
drives the ordinary dynamo, with revolving ar-
mature, there i3 somne irregularity in the genera-
tion ofcurrent.  Inthe Tesla oscillatar, if its in-
ventor and the evidence of one's eyes may be
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believed, the vibrations of the current are ab-
solutely steady and uniform, so that one could
keep the time of day with the machine about as
well as with a clock. It was this superlative
steadiness of the vibration or frequency that
Mr. Tesla aimed at, for one thing. The varia-
tions caused by the older apparatus might be
slight, but minute errors multiplied by high
rates of occurrence soon become perceptible,
and militate against desirable uniformity and
recision of action. Back of the tendencies to
trregularity in the old-fashioned electrical ap-
paratus were the equal or greater tendencies
in the steam-engine; and over and above all
were the frightful losses due to the inefficient
conversion in both of the power released from
the fuel under the boiler generating the steam,
Gain in one direction with a radical innova-
tion usually means gain inmany others, through
a growing series. I confess I do not know
which of the advantages of the oscillator to
place first; and I doubt whether its inventor
has yet been able to sit down and sum up all
the realities and possibilities to which it is a
key. One thing he does: he presses forward.
Our illustration, Fig, 2, shows one of his latest
forms of oscillator in perspective, while the dia-
gram, Fig. 1, exhibits the internal mechanism
of one of the early forms,  Fig. 2 will serve as a
text for the subsequent heads of discourse. The
steam-chestis situated on the bed-plate between
the two electromagnetic systems, each of which
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consists of field coils between which is to move
the armature or coil of wire, There are two
pistons to receive the impetus of the incoming
steam in the chest, and in the present instance
steam is supplied at a pressure of 350 pounds,
although as low as 8o is also used in like oscil-
lators, where steam of the higher pressure is not
abtainable, We note immediately the absence
of all the governing appliances of the ordinary
engine. They are non-existent, The steam.
chest #5 the engine, bared totheskinlikea prize-
fighter, with every ounce counting. Besides
easily utilizing steam at a remarkably high pres-
sure, the oscillator holds it under no less re-
markable control, and, strangest of all, needs
no packing to prevent leak. It is a fair infer-
ence, too, that, denuded in this way of super-
fluous weight and driven at high pressure, the
engine must have an cconomy far beyond the
commaon,  With an absence of friction due to
the automatic cushioning of the light working
parts,it is also practically indestructible. More-
over, for the same pressure and the same pis-
ton speed the engine has about one thirtieth
or one forticth of the usual weight, and occu-
piesa proportenatcly smaller space. This dim-
inution of bulk and area is equally true of the
¢lectrical part. The engine-pistons carry at
their ends the armature coils, and these they
thrust reciprocatively in and out of the mag-
netic field of the field coils, thus generating cur-
rent by their action.
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LATEST FORM OF TRSLA OSCILLATOR, <o

If ome watches any dynama, it will be seen
that the coils L.L‘|l1.4titllting the “ armature " are
swung around in front of magnets, very much
as a turnstile revolves inside the barrcading
posts; and the current that goes out to do work
on the line circuit is generated inductively in
the coils, because they eut lines of influence
emanating from the ends of the magnets, and
forming what has been known since Faraday's
time as the “field of force.” Tn the Tesla os-
cillator, the rotary motion of the coils is en.

Vor. XLIX.—116.

H OHE MBCHANISM DBYHAMT AND STRAM-ENGINE.

tirely abandoned, and they are simply darted
to and fro at a high speed in front of the mag-
nets, thus cutting the hnes of the “field of
force™ by shooting in and out of them very
rapidly, shuttle-fashion, The great object of
cutting as many lines of an intense field of force
as swiltly,smoothly,regularly, andeconomically
as possible is thus accomplished in a new and,
Mr. Tesla believes, altogether better way., The
following description of remarkable new phe-
nomena in clectricity will justify him in regard-

et
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ing the escillatoras an extremely valuableinstru-
ment of research, while time will demonstrate
its varicus commercial and industrial henefits,

Incidentally it may be remarked that the
cride idea of obtaining currents by means of
a coil or a magnetic core attached to the piston
of a reciprocating steam-engine, 1s not in itseff
an entire novelty, 1t may also be noted that
steam-turbines of extremely high rotative ve-
locity are sometimes used instead of slow-moy-
ing engines to drive dynamos. But in the first
class of long-abandoned experiments no prac-
tical result of any kind was ever reached before
by any sort of device ; and in the second class
there s the objection that the turbine is driven
by means ofizolated shocksthatcannot be over-
come by any design of the blades, and which
frustrate any attempts to perform work of the
kind now wnder survey, What we are dealing
with here is a dual, interacting machine, halt
mechamieal, halfelectrical, of smallest bulk, ex-
tremely simple, utilizing steam under conditions
unquestionably of the highest efliciency, its vi-
brations independent of load and pressure, de-
]E'\'E‘riﬂ.\l—_" Currients f_IF “'IL'L “]’I_"I”{_‘Ht |'{!g'|||.'1rif:.' ayver
known for practical work or research. That
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such a combination should produce electricity
for half the consumption of steam previously
necessary with familiar apparatus in equivalent
results, need not surprise us; vet think how
much a saving of that kind would mean in well-
nigh every iniluﬁlr}' consuming power !

THE OSCILLATOR AND THE

LIGHT,

PROLUCTION OF

Having obtained with the oscillator currents
of high potential, high frequency, and high reg-
ularity, what shall be done with them? Mr.
Tesla having already grappled successfully
with the greatdificulties of long distance power
transmission, as narrated above, has first an-
swered that question by boldly assailing the
problem of the production of light in a man-
ner nearer, perhaps, to that which gives us sun-
shing than was ever attempted before. DBe-
tween us and the sun stretches the tenuous,
sensitive ether, and every sensation of hight that
the eye experiences is caused by the elfect of
five hundred trillions of waves every second
impressed on the ether by the medecular engrpy
of the sun traveling along it rhythmically. If
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the waves have a lower frequency than this
soo0,000,000,000,0z0,they will chiefly engender
heat. Imoour artificial methods of getting light
we imitatively agitate the ether so poorly that
the waves our bonfires set up rarely get above
the rate at which they become sensible to us
in heat, and only o few waves attain the right
pitch or rapidity to cause the sensation of light.
At the upper end of the keyboard of vibration
of the ether is a high, shrill, and yet inaudible
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out energy-waves on the ether, which will be
conveved to us through the glass of the bull
by the ether ns light rather than as heat. The
glass 15 as unconfining to the ether as a coarse
sieve s to water.

Now Mr. Tesla takes his currents of high
frequency and high potential, subjects the in-
candescent lamp to them, and, skipping some
of those intermediate wasteful heat stages of
lower wave vibration experienced in the old

Pt 4.
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note,—*light,"—whichwe want tostrike and to
keep on striking ; but we fumble at the lower,
bass end of the instrument all the time, and
never touch that topmost note without wasting
the largest part of our energy on the interme-
dizte ones, whichwe donot at all wish to touch.
Light (the high note) without heat (the lower
notes) is the desideratum.  The inefficiency of
the gas flame has been mentioned, In the or-
dinary incandescent lamp the waste is not so
great; but even there the net efficiency of any
one hundred units of energy put into it as elec.
tric current is at the most five or six of light,
the waste occurring in the process of setting the
maolecules of the filament and the linle air left
in the bulb into the state of vibration under
which they must work before they can throw

methods, gets the ether-charged molecules
maore quickly into the intensely agitated con-
dition necessary to yield light. Using his cur-
rents, produced electroma gnetically, aswe have
geen, to load each fugitive molecule with its
charge, which it receives and exercises electro-
statically, he gets the ether medium into a state
of excitement m which it seems to become
capable of almost anything. In one of his first
lectures, Mr, Tesla said :

Llectrostatic effects are in many wavs available
for the production of light. Forinstance, we may
place a body of some refractory material in a
closed, and preferably in a more or less aie-
exhavsted, globe, connect it to a source of high,
rapidly alternating potential, causing the mole-
cules of the gas to strike it many timesz a second
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at enormaous specds, and in this way, with tril-
licns of invisible hammers, pound it until it gets
incandescent, Or wemayv place a body in avery
highly exbausted globe, and by employing very
high [requencies and potentials maintain it at
any degree of incandescence.  Or we may dis-
turh the ether carried by the molecules of a gas,
or their static charges, causing them to vibrate
or emit light.

These anticipatory statements are confirmed
to-day by what Mr, Tesla has actually done in
one old way revolutionized, and in three new

FEG, §-
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ways: (i) the incandescence of a seolid; (z)
phosphorescence ; (3) ineandescence or phos-
phorescence ofararefied gas; and [ 4) luminosity
produced in a gas at ordinary pressure,

LAMP: WITH NDUTTONS OR DARS IN
OF FILAMENTS.

PLACE

Takixe lamps in the first category, it may
he stated that it had been commonly supposed
that the light-giving conductor in the lamp, to
he efficient and practical, should be fine; hence
the name * filament " given to the carbon loop
in such lamps. But with the Teslaic currents
the resistance or friction of the filament to the
flow of current does not count for anything:
the filament may just as well be short and

THREE FHOMSPHDRESCENT BULDS UKDER TEST FOR ALTINIC VALVE,
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thick, for it will rapidly reach and steadily
maintain proper incandescence by the passage
of a small current of the right high frequency
and potential,  An action is set up as the result
of which the filament 1s hit millions of times a
second by the bombardment of the malecules
around it in a merciless ring of tormentors,
The vibrations of the current in similar man-
ner will cause the infinite jostling of the mole-
cules of solid and gas apainst a small polished
carbon or metallic button or bar in o lamp, and
brilliant light is also obiainable in this way,

LIGHT AND PHOTOGRAPHS WITH
TESLA PHOSPHORESCENT BULES.

L the field of lighting by phos-
phorescence we reach hitherto un-
trodden ground. Phosphorescent
light has been associated with the
idea of “cold light," or the prop-
erty of becoming luminous with
the omission of the intermediate
step of combustion, as commonly
understood. As a physical action,
we know it in the light of the firefly,
which Professor 5. P, Langley rates
at an efficiency of 100 per cent.,
all its radintions lying within the
limits of the visible spectrum. By
means of the Teslaic currents phos-
phorescent light strong  encugh
even to photograph by has been
obtained ; and Fig. 3, representing
the inventor himself, i3 the first
portrait or photograph of any kind
ever taken by phosphorescent
light. A bulb whose light-giving
member is coated with sulphide of
ginc treated in o special way was
rendered phosphorescent by means
of current abtained from 2 high-
frequency transformer coil. The
current used was alternated or os-
cillated about 10,000 times per second. The
exposure was aboul eight minutes,

Fiz. 4, of Mr. Clemens (Mark Twain), was
taken a few weeks later — early in 1894 — with
the aid of the same bully, and with an EXHISUTE
of about ten minutes. In order to test more
closely theactinic valueofphospharescentlight,
aome bulbs subject to high-frequency currents
were photographed, or, if we may coin a new
word, © phosphographed,” with a somewhat
longer exposure, They areshownin Fig. 5. The
right-hand, bright pairutilize sulphide of zincin
some form for luminosity.,  The third bulb,
seen faintly to the left of them, has a coating
of sulphide of calcium, Although, judged by
the eye, it glowed with o brightness fully equal
tor that of the other two, the actinic value was
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evidently much less. Tt is, perhaps, needless
to say that these demonstrations invite to an
endless variety of experiments, in which inves-
tigators will find a host of novel phenomena
awaiting them as to phosphorescence and fluo-
rescence produced with electrical currents.

LIGHT FROM

EMPTY RULBS IN FREE SFACE.

THE third and fourth classes of lighting enu-
merated above as obtained by Teslaic currents
are those caused by the incandescence or phos-
phorvescence of a rarefied gas and the luminos-
ity of a gas at ordinary pressure. We get pure,
beantiful light without any filament or any
combustion, In Figs, 6, 7, and 8 we have tubes
or bulbs by means of which some of these in-
teresting phenomena are obtained and illus-
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trated. The bulbs shown are more or less ex-
hausted of air. In the case of Figs. 6 and ¥ the
glass of the tubes is the ordinary German glass.
In Fig. 8, uranium glass— preen— was em-
ployed. This last was held in the hand while
a photograph was taken of it by its ownlight ;
whencethe unsteadinessof the negative, Toob-
tain the beautiful ilumination seen in all three,
the bulbs were simply approached within a few
inches of the terminal of a high-frequency coil
or transformer. Just here it may be pointed out
that the lamps are spoken of as unattached,
in free space. Ordinary incandescent lighting
is done, as evervhody knows, with the lamps'
bases firmly attached to the two current-bear-
ing wires. Evenwherethe lamps have beennsed
on the ordinary alternating cireuits in which the
transformer is employed to “step down,” or re-
duce, for safe use, the higher-tension current
brought to it by the wire from the dynamo, the
lamps have to be attached to the * secondary *
wires of the coil soas to make aclosed circuit for

FiG. B

them. But as we rise in the frequency of the
current, as we leave behind the electrodynamic
conditions for the electrostatic ones, so we free
curselves ftom the restrictions and limitations of
solid wires for the conveyance of the effects
sought, until at last we reach a point where all
theold ideas of the necessity of a tangible circuit
vanish. Tt is all circuit it we can properly direct
the right kind of impulses through it. As Mr.
Tesla long ago pointed out, most of the experi-
menis usually performed with a static mochine
of glass plates can also be performed with an in-
duction-coil of wire i the currents are alter
nated rapidly enough; and it is in reality here
that Mr. Tesla parts company with other dis-
tinguished workers who have fixed their at

tention merely on the results attainable with
electrodynamic apparatus, HBefore passing on,
let us quote the inventor himself:

Powerful electrostatic effects are a sie gird son
of light produetion on thelines indicated by theory.
Electromagnetic effects are primarily unavailable,
for the reason that to produce the required effects
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wewould haveto passthecurrentimpulses through
a conductor which, long before the required fro-
quency of the impulses could be reached, would
ceasa (o transinit them, Onthe other hand, elec-
tromagnetic waves many times longer than those
of light, and producible by sudden discharge of a
{!Dﬁdi‘ﬂ‘icl‘, eould not be 1|:i|ized, it would seem,
unless we availed ourselves of their effect upon con-
ductors asin the present methods, which are waste.
ful. Wecouldnotaffecthymeans of snch waves the
static molecular or atomic charges of a gas, and
caugethem tovibrateand toemitlight. Long trans-
verse waves cannoet, apparently, produce such ef-
fects, since exccasively small electromagnetic dis-
turbances may pass readily through miles of air.
Such dark waves, unless they are of the length of
true light-waves, cannot, it would seem, excite ln-
minous radiation in a Geissler tube, and the lumi-
326
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nous effects which are producible by induction in a
tube devoid of electrodes, [ am inclined to consider
as being of an electrestatic nature. To produce
such luminous effects straight electrostatic thrusts
arerequired ; these, whatever be their frequency,
may disturl the molecular charges and produce
light.

EFFECTS WITH ATTUNED BUT WIDELY
SEPARATED CIRCUITS.

A vEW experiments petformed in Mr, Tesla’s
laboratory workshop afford an idea of the flexi-
bility of the methods by which powerful elec-
trostatic effects are produced across many feet
ol intervening space. The workshop is a room
about forty by eighty feet, and ten or twelve feet
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high. A circuitof small cable is carfed around
it from the terminals of the oscillator, Tn the
center of the clear, open space 1s placed a cotl,
wound drum fashion, three or four feet high,
and uncennected with the current source save
through the medium of the atmosphere. The
coil 1s provided, as shown in the picture, with
two condenser plates for adjustment, standing
up like cymbals. The platesact afterthe manner
ofaspring, and the coilis comparable to anelec.
tromagnetic weight. The system of appara-
tus in the middle of the room has therefore a
certain period of vibration, just as though it
were a tuning-fork, or a sheet of thin resonant
glass,  Arowd the room, over the cable, there
are sent from the oscillator electrical current
vibrations, Dy carefully adjusting the con-
denser plates so that the periodicity or swing
of the induced current is brought into step with
that of the cable currents, powerful sparks are
made to pour across between the plates in the
dense streams shown in Fig, g, In this man-
ner it is easy to reach tensions as high as zoo,-
ooo and joo,000 volis

No one who has witnessed these significant
experiments can fail to be impressed with the
evidence of the actuality of a medium, call
it ether or what you will, which in spite of its
wonderful tenuity is as capable of transmitting
energy as though it were air or water, Still
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more impressive to a layman, perhaps, is the
confidence and easy precision with which these
fine adjustments are brooght about,

In Fig. 1o there is a similar coil, inthe mid-
dle of the same room, which has been so ad-
justed to the vibrations senr around the gshop
that an ordinary sixteen-candle-power incan-
descent lamp 1s well lighted up.

Fig, 11 pursues this a little further. Above
the coil a circle of wire is held by an observer,
and an incandescent lamp is attached to the
circle. As before, the vibration of the ether
in the coil is brought into harmony with the
vibrations emitted from the cable. Theindue-
tive effect upon the circle held loosely in free
space by the observer is so pronounced that the
lamp is immediately lighted up, though it may
be connected with but one terminal wire, or
with two., A 1oc-volt lamp is used, requiring
when employed ordinarily more than one teoth
of a horse-power right off the connecting circuit
wires direct from the dynamo to bring it up to
proper illuminatmg value. Hence, as will be
seemn, there is actual proot here of the transmis-
sion of at least that amount of energy across a
space of some twenty feet and into the bulb by
actually no wire at all. This need not surprize us
when we remember that on abright day the ether
delivers steadily from the sun a horse-power of
energy to every seven square feet of the earth’s

Flo, 1o
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HXPERIMENT SHOWING THE LIGHTIHG UF OF AN ORDINAEY INCANDESCENT Lamr, AT A INSTANCE, THREOUGH THE
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surface toward it: so great is its capacity for
transmitting ener Mr. Tesla with his #elec-
trostatic thrusts ™ has simply leamed the knack
of ]'I'.l.'ll'l-lng' clc:::n'[::aﬂy on the goo:l-mlturc(l
ether o little of the protean energy of which
no amount has yet sufficed to break it down
or put it out of temper. We may assume either
an enormous speed in what may be called the
transmitting wheelwork of the ether, since the
weight is inconceivably small ; or else that the
ether is a mere transmitter of energy by its
well-nigh absolute incompressibility.

CURIOUS “IMPEDANCE " PHENOMENON,

I Fig, 12 we have another remarkable ex-
periment illustrated. Standing over the coil in

FIG. 10, ®

CUIT ARCAINDY THE ROO THE LOOF OF Wik
HELD Y ME. MAELON CEAWFDED., (FROM FLAS

the centerof the room, the observer holds a hoop
of stout wire in his hand. One or more lamps
are connected with two paints on the wire, so
that the lamps are “short-circuited " by the
short bar of wire. The vibrations are, how-

BIMENT ILLUSTRATING THE LIGHTIHG OF AN INCANOESUENT LAMEP
[N FREE SFACE BY [MDUCTION FROM COIL BELOW, ENERGIZED DY CIETANT CIE-
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ever, 5o extremely rapid that in spite of the
opposite terminals being united in this way,
the current does not flow past them neglect-
fully,in the apparently easier path, as 1t should,
but brings them to a Tright incandescence,
We have here an example of what is known as
“impedance " phenomena, in which the current
is wddly choked back at certain points and not
at others. Under the conditions of “impe-
dance," the best elecircal conductor loses its
properly of conducting, and behaves like a
highly resisting substance, Elaborating further
these experimental results, Mr. Tesla shows
that a gas — a perfect non-conductor under or-
dinary circumstances —may be more conduc-
tive than the best copper wire, provided the cur-
rentsvibrate rapidly enough. Thefantasticside
of this phenomenon he touched
on playfully once by suggesting
that perchance m such wise we
might some day utilize gas to
convey clectricity, and the old
gas-pipe to insulate it

LAMPS LIGHTED BY CURREMNTS
FASSED THREOUGH THE
HUMAN BODMY.

In Fig. 13 2 most curious and
wetrd phenomenon isillustrated,
A few years ago electricians
would have considered it quite
remarkable, if indeed they do
not now. The ohserver holds
a loop of bare wire in his hands,
The currents induoced in the
loop by means of the “ resonat-
ing ™ coil over which it i3 held,
traverse the body of the ob-
server, and at the same time,
as they pass between his bare
hands, they bring two or three
lamps held there to Tright in-
candescence. Strange asitmay
seem, these currents, of a volt-
age one or two hundred times
as high as that employed in
electrocution, do not inconve-
nience the experimenter in the
slightest,  The extremely high
tension of the currents which
Mr, Clemens is seen receiving
prevents them from doing any
harm 1o him.

LAMF [5

TRAMNSMISSION OF INTELLIGEMCE
TUNED OR * RESONATING'

LY AT
CUERENTS,

REFERENCE has been made to the “resonal-
mg" quality ef the circoits and enils, Ttwould be
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wearisome, and indeed is not necessary, here to
dwell on the difficulty often experienced in cs-
tablishing the relation of * resonance,” and the
instantaneity with which it can be disturbed,
It may be stated, in order to give some idea of
the conditions to be observed in these experi-
ments, that when an electric circuit is traversed
v a rapidly oscillating current which sets up
waves in the ether around the wire, the effect
of these waves upon another circuit situated at
some distance [rom the first can be largely
varied by proper adjustments, The effect is
muost pronounced when the second eircuit is so
adjusted that its period of vibration is the same
a5 that of the first, This harmonizing is deftly
accomplished by varying either of the two ele-
ments which chiefly govern the rapidity of the
vibration, viz., the so-called *capacity " and the
“sell-induction.” Whatever the exact process
may be, it is clear that these two quantities in
their effect answer almost directly to what are
known in mechanics as pliability and as weight
or inertiz. Attach to a spring a weight, and it
will vibrate at a cerlain rate, Dy changing the
weight, or modifying the plialality of the sprning,
any period of vibration is obtainable, In very
exact adjustments, minute changes will com-
pletely upsetthe balance, and the very last straw
VoL, XLIN —rry.

THE PHESGSENON OF 1MPETAMCE,-
'l JEFFERSON.

THE LGP OF WIRE, CARRYIMG Twok
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of fine wire, for example, in the induction-coil
which gives the selfinduction will break the
spell. As Mr, Tesla has said, it is really a lucky
thing that pure resonance is not obtainable ; for
if it were, all kinds of dangers might lic in store
for us by the increasing oscillations of every
kind that would be set up. It will, however,
have heen gathered that if one electrical cir-
cuit can be tuned to another effectively, we
shall need no return wire, as heretofore, for
motars or for lights, the one wire being, if
anything, better than two, provided we have
vibration of the right value; and if we have
that, we might get along without any wires
or any “currents.” Here again we must quote

Mr. Tesla;

In conpection with resonance effects and the
problem of transmission of energy over a single
conductor, I would say a few words on a subject
whichconstantly fills my thoughts, and which con-
cerns the welfare of all. [ mean the transmission
of intelligihle signals, or perhaps even power, 1o
any distance without the use of wires. T am be-
coming daily more convinced of the practicability
af the scheme ; and though [ know full well that
the majorily of scientific men will not believe that
such resulis can be practically and immediately
realized, vet 1 think that all consider the develop-

9e9
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ments of recent years by a number of workers to
have been such as to encourage thought and ex-
periment in this direction. My conviction has
grown 5o strong that T no longer look upon this
plan of energy or intelligenoe transmission as a
mere thearetical possibility, but ns a serious prob-
lem in electrical engineering which must be car-
ried cut some day, Theidea of transmitting intel-
ligence without wire is the natural outcome of
the most recent resnits of electrical investigations.
Somme enthusiasts have expressed their belief that
telephony toanydistance by inductionthrough the
airis possible. [ ecannot stretch my imagination so
far; bul [ dofirmly believe that it is practicable to
disturly by means of powerful machines the clec-
trostatic condition of the earth, and thus transmit
intelligiile signals and perhaps power. In fact,
what is there against the carrying out of such a
scheme? We now know that electric vibration may
he transmitted through a single conductor. Why,
then, not try to avail ourselves of the earth for this
purpese ! We need not be frightened by the idea
of distance.  To the weary wanderer counting the
mile-posts the earth may appear very large; but
to that happiest of all men, the astronomer, who
gozed at the heavens, and by their standard judges
the magnitude of our globe, it appears very small.
And so I think it must scem to the electrioan for
when he considers the speed with which an clec-
tric disturbance is propagated through the earth,
all his ideas of distance must completely vanish.
A point of great importance would be firstto know
what 15 the eapacity of the earth, and what charge
does it contain of electricity.

DISTURBANCE AND DEMONSTRATION
EARTH'S ELECTRICAL

OF THE
CHARGE,

Panrt of hMr. Tesla’s more recent work has
Leetr in the direction here indicated ; for in his

NESCHARGR FROM TEIE IKARTH BY

TESLA COIL.

(FHOTOGRAFHED RY ITS OWH LIGHT.|

oscillator he has not simply o new practical
device, ut a pew implement of scientific re-
search. With the oscillator, if he has not as
yet actually determined the earth's electrical
charge or # capacity,” he has obtained striking
effects which conclusively demonstrate that he
has succeeded md irilllr],'-ih;_" it. He connects to
the earth, by one of its ends, a coil {sce g, 13)
in which rapidly vibrating currents are pro-
duced, the other end being free in space, With
this coil hedoes actually what one would be do-
g with o pump forcing air into an elastic foot-
Lall, Ateachalternate stroke the ball would ex.
pand and contract. Batit is evident that such
a ball, if filled with air, would, when suddenly
expanded or contracted, vibrate at its own rate,
Now if the strokes of the pump be so timed
that they are in harmony with the individual
yibrations of the ball, an intense vibration or
surging will be obtained. The purple streamers
of electricity thus elicited from the earth and
])our[ng out to the ambient air are marvelous.
Such a display is seen in Fig. 14, where the
crown of the coil, tapering upward in a Peak
of Teneriffe, lames with the cutburst of a solar
photosphere.

The currents which are made to pass in and
out of the earth by means of this coil can also he
directed upon the human body. An obscrver
mounted on a chair, and touching the coil with
a metal rod, can, by careful adjustments, divert
encugh of it upon himsell 10 cause its manifes-
tation from and around him in splinters of light.
This hale effect, obtained by sending the elec-
tricity of theearth through a human being —the
highest charge positively ever givenin satety,—

LD
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is, tosay theleast,curious, and deeply suggestive,
Mr.Tesla’s temerity intrying the effect first upon
his own person can be justified only by his close
and accurate caleulation of what the amount of
the discharge from the earth would be,
Considering thatin the adjustments necessary
here, a small length of wire or a small bady of
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any kind added to the coil or brought into il
vicinity may destroy entirely all effect, ane can
imagine the pleasure which the investigator
feels when thus rewarded by unique phenom-
ena. Adfter searching with patient toil for two
or three years after a result caleolated in ad-
vance, he is compensated by being able to wit-
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ness amost magnificent display of fiery streams
and lightning discharges breaking out from the
tip ol the wire with the roar of a gas-well, Aside
from their deep scientific import and their won-
drous fascination as a spectacle, such effects
point to many new realizations making for the
higher welfare of the human race, The trans-
mission of power and intelligence is but one
thing ; the modification of climatic conditions
may be another. Perchance we shall “call up ™
Mars in this way some day, the electrical charge
of both planets being utilized in signals,

Here are great results, lofty aims, and noble
ideas; and yet they are but a be ggarly few of all
thase with which Me, Tesla, Ly his simple, mod-
est work, has associated his name don ng recent
years. He is not an impracticable visionary,
but a worker who, with solid achievements be-
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hind him, seeks larger and better ones that lic
before, as well as fuller knowledge. T have ven-
tured to supplement data as to bis late inven-
tions by some of his views as to the ether, which
throughout this presentation of his work has
been treated familiarly as the maid-of-all-work
of the universe.  All our explanations of things
are but half-way houses to the ultimate facts, It
may be said, then, in coﬂclusion, that while Mr.
Tesla does not hold Professor (Miver Lodge's
mgL nious hut intricate notion of two electrici-
ties anid two ethers, and of the ether as itsell
clectricity, he does belong to what Lord Kel-
vin has spoken of as the nineteenth-century
school of plenum, accepting one ether for light,
heat, electricity, and magnetism, outward man-
ifestations of an inward unity whose secret we
shall some day learn.

Thomas Commerford Aariin.

IN TESLA'S LABORATORY.

ERE in the dark what ghostly figures press l—

Wo phantom of the Past, or grim or sad;

Mo wailing spivit of woe; no specter, clad

In white and wandering cloud, whose dumb distress

Is that its crime it never may confess;

Mo shape from the strewn sea; nor they that add
The link of Life and Death—1the tearless mad,
That live nor die in dreary nothingness :

But blessed spints waiting to be born—
Thoughts, to unlack the fettering chains of Things;
The Better Time; the Universal Good,

Their smile is like the joyous break of morn;
Haow fair, how near, how wistfully they brood!
Listen! that murmur is of angels’ wings.

OLD DUTCH

FERDINAND BOIL

g g ERDINANT BOL was the old-
W est student in Rembrandt's
q house in Amsterdam, He was
one of the first, and by many is
considered to have been the
best, Very little 15 known of his

:  life. He was bom at Dort, in
June, 1616, and became a pupil of Rembrandt
toward 1630, when about fourteen years aof
age, and is not known to have had any other
instructor. In 1632 he became a citizen of
Amsterdam, and died there, on July 24, 1680,

Fodert Underwoeod Salmison.

MASTERS.

[1616G-1680].

a rich man, Bol is considered chiefly as o
portrait-painter, though he executed many his-
torical works, and his etchings are highly es-
teemed. In his early pictures he adheres to
the manner of his master, as may be readily
observed in his portrait of Saskia, Rembrandt's
wife, in the Brussels Museum, and in other of
his works prior to 1642, in which he comes
very near his master.  Afler this he endeavors
to strike out for himself, becomes different
from Rembrandt in every way, and does not
succeed very well, until finally we have a mas-



