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'SIGNALLING THROUGH SPACE
WITHOUT WIRES.

———

THE WORK' OF HERTZ

AND

SOME OF HIS SUCCESSORS.

'

The following pages (up to page 42) are the Notes of a
Lecture delivered by Dr. O. J. Lodge before the Royal Insti-
tution of Great Britain on Friday evening, June 1, 1894.
These notes have been revised by Dr. Lodge, and prepared
for publication in the form here presented. After page 42 an
account is given of the later applications of Hertzian wave
experiments to wireless telegraphy, and a series of Appendices
are also given,

\V)
o Introductory.-—1894.

Tae untimely end of a young and brilliant career cannot fail
to strike a note of sadness and awaken a chord of sympathy
in the hearts of his friends and fellow-workers. Of men thus
cut down in the early prime of their powers there will occur
to us here the names of Fresnel, of Carnot, of Clifford, and
now of Hertz. His was a strenuous and favoured youth ; he
was surrounded from his birth with all the influences that go
to make an accomplished man of science—accomplished both
on the experimental and on the mathematical side. The
front rank of scientific workers is weaker by his death, which
occurred on January 1, 1894, the thirty-seventh year of his
life, Yet did he not go till he had effected an achievement
which will hand his name down to posterity as the founder of
an epoch in experimental physies.

B



2 SIGNALLING WITHOUT WIRES,

In mathematical and speculative physics others had sown
the seed. It was sown by Faraday, it was sown by Thomson
and by Stokes, by Weber also doubtless, and by Helmholtz ;
but in this particular department it was sown by none more
fruitfully and plentifully than by Clerk Maxwell. Of the seed
thus sown Hertz reaped the fruits. Through his experi-
mental discovery, Germany awoke to the truth of Clerk
Mazxwell’s theory of light, of light and electricity combined,
and the able army of workers in that country (not forgetting
some in Switzerland, France, and Ireland) have done most of
the gleaning after Hertz.

This is the work of Hertz which is best known, the work
which brought him immediate fame. It is not always that
public notice is so well justified. The popular instinet is
generous and trustful, and it is apt to be misled. The scientific
eminence accorded to a few energetic persons by popular
estimate is more or less amusing to those working on the
same lines. In the case of Hertz no such mistake has been
made. His name is not over well-known, and his work is
immensely greater in every way than that of several who have
made more noise. '

His best known discovery is by no means his only one, and
no less than eighteen Papers were contributed to German
periodicals by him, in addition to the papers incorporated in
his now well-known book on electric waves.

In closing these introductory and personal remarks, I
should like to say that the enthusiastic admiration for Hertz’s
gpirit and character felt and expressed by students and
workers who came into contact with him is not easily to be
exaggerated. Never was a man more painfully anxious to
avoid wounding the susceptibilities of others; and he was
accustomed to deprecate the prominence given to him by
speakers and writers in this country, lest it might seem to
exalt him unduly above other and older workers among his
own sensitive countrymen.

Speaking of the other great workers in physics in Germany,
it is not out of place to record the sorrow with which we have
heard of the recent death of Dr. August Kundt, Professor in
the University of Berlin, successor to Von Helmholtz in that
capacity.



WORK OF HERTZ LECTURE. 3

When I consented to discourse on the work of Hertz, my
intention was to repeat some of his actual experiments, and
especially .to demonstrate his less-known discoveries and
observations. But the fascination exerted upon me by
electric oscillation experiments, when I, too, was independ-
ently working at them in the spring of 1888,* resumed its
hold, and my lecture will accordingly consist of experimental
demonstrations of the outcome of Hertz’s work rather than
any precise repetition of portions of that work itself.

In case a minority of my audience are in the predicament
of not knowing anything about the subject, afive minutes’
explanatory prelude may be permitted; and the simplest way
will be for me hastily to summarise our knowledge of the
subject before the era of Hertz.

F1a, 1,—Oscillations of Dumb-bell Hertz Vibrator (after Bjerknes),

Just as a pebble thrown into a pond excites surface ripples,
which can heave up and down floating straws under which
they pass, so a struck bell or tuning fork emits energy into
the air in the form of what are called sound waves, and this
radiant energy is able to set up vibrations in other suitable
elastic bodies.

If the body receiving them has its natural or free vibrations
violently damped, so that when left to itself it speedily returns
to rest (Fig. 1), then it can respond fully to notes of almost
any pitch. This is the case with your ears and the tones
of my voice. Tones must be exceedingly shrill before they
cease to excite the ear at all.

* Phil. Mag., XXVL., pp. 229, 230, August, 1888 ; or “Lightning Con-
ductors and Lightning Guards,” pp. 104, 105 ; also Proc. Roy. Soc., Vol.
50, p. 27,

B2



4 SIGNALLING WITHOUT WIRES.

If, on the other hand, the receiving body has a persistent
period of vibration, continuing in motion long after it is left
to itself (Fig. 2) like another tuning-fork or bell, for instance,
then far more facility of response exists, but great accuracy of
tuning is necessary if it is to be fully called out; for if the-
receiver is not thus accurately syntonised with the source,
it fails more or less completely to resound.

Conversely, if the sourcs is a persistent vibrator, correct
tuning is essential, or it will destroy at one moment (Fig. 8)

Tt
|
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F10, 2—Occillation of Ring-shaped Hertz Resonator excited by Syntonic
Vibrator (after Bjerknes),

motion which it originated the previous moment. Whereas,
if it is a dead-beat or strongly-damped exciter, almost any-
thing will respond equally well or equally ill to it.

‘What I have said of sounding bodies is true of all vibrators
in a medium competent to transmit waves. Now a sending
telephone or a microphone, when spoken to, emits waves into

|

F1a. 3.—Oscillation of Ring Resonator not quite syntonic with Radiator.
(For method of obtaining these curves see Fig, 14.)

the ether, and this radiant energy is likewise able to set up
vibration in suitable bodies. But we have no delicate means
of directly detecting these electrical or etherial waves; and if
they are to produce a perceptible effect at a distance, they
must be confined, as by a speaking-tube, prevented from
spreading, and concentrated on the distant receiver.
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This is the function of the telegraph wire ; it is to the ether
what a speaking-tube is to air. A metal wire in air (in function,
not in details of analogy) is like a long hollow cavity surrounded
by nearly rigid but slightly elastic walls.

Sphere charged from Electrophorus.

Furthermore, any conductor electrically charged or discharged
with sufficient suddenness must emit electrical waves into the
ether, because the charge given to it will not settle down
instantly, but will surge to and fro several fimes first ; and
these surgings or electric oscillations must, according to
Maxwell, start waves in the ether, because at the end of each
half-swing they cause electrostatic, and at the middle of each
half-swing they cause electromagnetic effects, and the rapid
alternation from one of these modes of energy to the other
constitutes etherial waves.* If a wire is handy they will run
along it, and may be felt & long way off. If no wire exists
they will spread out like sound from a bell, or light from a
spark, and their intensity will decrease according to the inverse
square of the distance.

Maxwell and his followers well knew that there would be such
waves ; they knew the rate at which they would go, they knew
that they would go slower in glass and water than in air, they
knew that they would curl round sharp edges, that they would
be partly absorbed but mainly reflected by conductors, that
if turned back upon themselves they would produce the
phenomena of stationary waves, or interference, or nodes and
loops; it was known how to calculate the length of such
waves, and even how to produce them of any required or
predetermined wave length from 1,000 miles to & foot. Other
things were known about them which would take too long
to enumerate; any homogeneous insulator would transmit
them, would refract or concentrate them if it were of suitable
shape, would reflect none of a particular mode of vibration at
a certain angle, and so on, and so on.

* Strictly speaking, in the waves themselves there is no lag or difference
of phase between the electric and the magnetic vibrations ; the difference
exists in emitter or absorber, but not in the transmitting medium. True
radiation of energy does not begin till about a quarter wave-length from
the source, and within that distance the initial quarter period difference of
phase is obliterated.
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All this was known, I say, known with varying degrees of
confidence; but by some known with as great confidence as,
perhaps even more confidence than, is legitimate before the
actuality of experimental verification.

Hertz supplied the verification. He inserted suitable con-
ductors in the path of such waves, conductors adapted for the
occurrence in them of induced electric oscillations, and to the
surprise of everyone, himself doubtless included, he found that
the secondary electric surgings thus excited were strong enough
to disprwy thomselves by minute electric sparks.

Machine.

Overflow Path
and Air Gap.

Slider for Tuning.

F1a. 4 —Experiment with Syntonic Leyden Jars (cf. page 21).

Syntonic Leyden Jars.

I shall show this in a form which requires great precision ot
tuning or syntony, both emitter and receiver being persistently
vibrating things giving some 80 or 40 swings before damping
has a serious effect. I take two Leyden jars with circuits about
ayard in diameter, and situated about two yards apart (Fig. 4).
I charge and discharge one jar, and observe that the surgings
get up in the other can cause it to overflow if it is syntonised
with the first.*

* See Nature, Vol. XLIL., p. 368, where I first described this experiment §
or quotation in J. J. Thomson’s * Recent Researches,” p, 395.
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A closed circuit such as this is a feeble radiator and a feeble
absorber, so it is not adapted for action at a distance. In fact,
I doubt whether it will visibly act at a range beyond the 3\ at
which true radiation of broken-off energy occurs. If the coat-
ings of the jar are separated to a greater distance, so that the
dielectric is more exposed, it radiates better; because in true
radiation the electrostatic and the magnetic energies must
be equal, whereas in a ring circuit the magnetic energy pre-
dominates. By separating the coats of the jar as far as possible
we get a typical Hertz vibrator (Fig. 5), whose dielectria
extends out into the room, and thus radiates very powerfully,

I'1q. 5.—S8tandard Hertz Radiator.

Ordinary Size Hertz Vibrator.

In consequence of its radiation of energy, its vibrations are
rapidly damped, and it only gives some three or four good strong
swings (Fig. 1). Hence it follows that it has a wide range of
excitation ; 7.s., it can excite sparks in conductors barely at all
in tune with it,

The two conditions, conspicuous energy of radiation and
persistent vibration electrically produced, are at present incom-
patible. Whenever these two conditions coexist, considerable
power or activity will, of course, be necessary in the source of
energy. At present they only coexist in the sun and other
stars, in the electric arc, and in furnaces.

Two Circular Vibrators Sparking in sympathy.

The receiver Hertz used was chiefly a circular resonator
(Fig. 6), not a good absorber but a persistent vibrator, well
adapted for picking up disturbances of precise and measurable
wave-length. Its mode of vibration when excited by emitter
in tune with it is depicted in Fig. 2. I find that the circular
resonators-can act as senders too; here is one exciting quite
long sparks in a second one.
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Electric Syntony.—That was his discovery, but he did not
stop there. He at once proceeded to apply his discovery to
the verification of what had already been predicted. about the
waves, and by laborious and difficult interference experiments
he ascertained that the previously calculated length of the
waves was thoroughly borne out by fact. These interference
experiments in free space are his greatest achievement.

-

F16. 6.—Circular Resonator. (The knobs ought to nearly touch each other.)

He worked out every detail of the theory splendidly,
separately analysing the electric and the magnetic oscillation,
using language not always such as we should use now, but
himself growing in theoretic insight through the medium of

N\

Fr16. 6A.—Any circular Resonator can be used as a sender by bringing its
knobs near the sparking knobs of a coil ; but a simple arrangement is to
take two semi-circles, as in above figure, and make them the coil terminals.
The capacity of the cut ends can be varied, and the period thereby
lengthened, by expanding them into plates,

what would have been to most physicists a confusing maze of
troublesome facts, and disentangling all their main relations
most harmoniously.
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Holtz Machine, A and B Sparks ; Glass and Quartz Panes in
Screen. -

‘While Hertz was observing sparks such as these, the primary
or exciting spark and the secondary or excited one, he observed
as a bye issue that the secondary spark occurred more easily if
the light from the primary fell upon its knobs. He examined
this new influence of light in many ways, and showed that
although spark light and electric brush light were peculiarly
effective, any source of light that gave very ultra-violet rays
produced the same result.

Terminals of

&

'&'0

Alternative Path,

F16. 7.—Experiment arranged to show effect on one spark of light from
another. The B spark occurs more easily when it can see the A spark
through the window, unless the window is glazed with glass. A quartz
pane transuwits the effect : glass cuts it off.

The above figure represents my way of showing the experi-
ment. It will be observed that with this arrangement the B
knobs are at the same potential up to the instant of the flash,
enn in that case the ultra-violet portion of the light of the A
spark essists the occurrence of the B spark. But it is interest-
ing to note what Elster and Geitel have found (see Appendix IV.,
Fig. 59), that if the B knobs were subjected to steady strain
instead of to impulsive rush—e.g., if they were connected to
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the inner coats of the jars instead of the outer coatings—that
then the effect of ultra-violet light on either spark-gap would
exert a deterrent influence, so that the spark would probably
occur at the other, or non-illuminated gap. With the altered
connections it is, of course, not feasible to illuminate one spark
by the light of the other; the sparks are then alternative, not
successive.

Wiedemann and Ebert, and a number of experimenters, have
repeated and extended this discovery, proving that it is the
cathode knob on which illumination takes effect ; and Hall-
wachs and Righi made the important observation, which Elster
and Geitel, Stoletow, Branly, and others have extended, that

\\
S

F1a. 8.—Zinc Rod in Arc Light, protected by Glass Screen. 'The lenses
are of quartz, but there is no need for any lenses in this experiment ;
leaksage of electrieity begins directly the glass plate is withdrawn,

a freshly-polished zine or other oxidisable surface, if charged
negatively, is gradually discharged by ultra-violet light.

It is easy to fail in reproducing this experimental result if
the right conditions are not satisfied ; but if they are it is
absurdly easy, and the thing might have been observed nearly
a century ago.

Zinc discharging Negative Electricity in Light ; RQold Leaf
Electroscope ; Glass and Quartz Panes ; Quartz Prism.

Take a piece of zine, clean it with emery paper, connect it to
a gold leaf electroscope, and expose it to an arc lamp. (Fig.8).
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If charged positively nothing appears to happen, the action is
very slow; but a negative charge leaks away in a few seconds
if the light is bright. Any source of light rich in ultra-violet
rays will do ; the light from a spark is perhaps most powerful
of all. A pane of glass cuts off all the action ; so does atmos-
pheric air in sufficient thickness (at any rate, town air), hence
sunlight is not powerful. A pane of quartz transmits the action
almost undiminished, but fluorspar may be more transparent
still. Condensing the arc rays with a quartz lens and analy-
sing them with a quartz prism or reflection grating, we find
that the most effective part of the light is high up in the ultra-
violet, surprisingly far beyond the limits of the visible spectrum*
(Fig. 9, next page).

This is rather a digression, but I have taken some pains to
show it properly because of the interest betrayed by Lord

* While preparing for the lecture it occurred to me to try, if possible
during the lecture itself, some new experiments on the effect of light on
negatively charged bits of rock and ice, because if the effect is not limited
to metals it must be important in connection with atmospheric electricity.
When Mr. Branly coated an aluminium plate with an insulating varnish,
he found that its charge was able to soak in and out of the varnish during
illumination (Comptes Rendus, Vol. CX., p. 898, 1890). Now the mountain
tops of a negatively charged earth are exposed to very ultra-violet rays,
and the air is a dielectric in which quiet up-carrying and sudden downpour
of electricity could go on in a manner not very unlike the well-known
behaviour of water vapour ; and this perhaps may be the reason, or one of
the reasons, why it is not unusual to experience a thunderstorm after a
few fine days. I have now tried these experiments on such geological
fragments as were handy, and find that many of them discharge negative
electricity under the action of a naked are, especially from the side of the
specimens which was somewhat dusty, but that when wet they discharge
much less rapidly, and when positively charged hardly at all. Ice and
garden soil discharge negative electrification, too, under ultra-violet illu-
mination, but not so quickly as limestone, mica schist, ferruginous quartz,
clay, and some other specimens. Granite barely acts ; it seems to insulate
too well. The ice and 8oil were tried in their usual moist condition, but,
when thoroughly dry, soil dischargea quite rapidly. No rock tested
was found to discharge as quickly as does a surface of perfectly bright
metal, such as iron, but many discharged much more quickly than ordinary
dull iron, and rather more quickly than when the bright iron surface was
thinly oiled or wetted with water. To-day (June 5, 1894) I find that the
leaves of Geranium discharge positive electrification five times as quickly
a8 negative, under the action of an arc-light, and that glass cuts the effect
off while quartz transmits it. [For Elster and Geitel’s experiments, and
those of Righi, see Appendices, p. 115 et seg.]
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Kelvin on this matter, and the caution which he felt about
accepting the results of the Continental experimenters too
hastily.

It is probably a chemical phenomenon, and I am disposed
to express it as a modification of the Volta contact effect*
with illumination.

A N
N ~
\\ N
\\ A}
R
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-
Fie. 9.—Zinc Rod discharging Zn
T~ o)

Negative Electricity in the very
Ultra-violet Light of a Spectrum
formed by a Quartz Train. The
best discharging light is found far
beyond the limits of the visible
spectrum.

Return now to the Hertz vibrator, or Leyden jar with its
coatings well separated, so that we can get into its electric as
well ag its magnetic field. Here is a great one giving waves
80 metres long, radiating while it lasts with an activity of
100 m.p., and making ten million complete electric vibrations
per second. It is made of four large copper sheets soldered
together two and two, strung up by thin rope to a gallery,
and each pair connected with the other by several yards of
No. 0 pure copper rod, interrupted by a pair of sparking
knobs (Fig. 10).

* See B. A. Report, 1884, pp. 502-619; or Phil. Mag., Vol XIX., pp.267-352
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Large Hertz Vibrator in action ; Abel's Fuse Detector ; Vacuum
Tube Detector ; Striking of an Are.

Its great radiating power damps it down very rapidly, so
that it does not make above two or three swings ; but never-
theless, each time it is excited, spatks can be drawn from
most of the reasonabiy elongated conductors in the theatre of
this Institution, and indeed from wire fencing and iron roofs
outside this building.

A suitably situated gas-leak can be ignited by these induced
sparks. An Abel’s fuse connecting the water pipes with the
gas pipes will blow off; vacuum tubes connected to nothing
will glow (this fact has been familiar to all who have worked
with Hertz waves since 1889), electric leads, if anywhere near
each other, as they are in some incandescent lamp-holders,
may spark across to each other, thus striking an arc and
blowing their fuses. This blowing of fuses by electric radiation
frequently happened at Liverpool till the suspensions of the
theatre lamps were altered. They had at first been held in
position by wire guides, which served as collectors of the

Hertz waves or impulses.

F1a. 10—Hertz Oscillator on reduced scale, ¢5th inch to a foot.

The striking of an are by the little reverberating sparks
between two lamp-carbons connected with the 100-volt mains
I incidentally now demonstate. An arc is started directly
the large Hertz vibrator is exicited at a distance.

There are some who think that lightning flashes can do
none of these secondary things. They are mistaken.

Specimens of Emitters and Receivers.

On the table are specimens of various emitters and receivers
such as have been used by different people; the orthodox
Hertz radiator (Fig. 5), and the orthodox Hertz receivers:—
A circular ring (Fig. 6) for interference experiments, because
it is but little damped, and a straight wire for receiving at a
distance, because it is a much better absorber. Beside these
are the spheres and ellipsoids (or elliptical plates), which I
have myself introduced and mainly used (Fig. 19), because
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they are powerful radiators and absorbers, and because their
theory has been worked out by Horace Lamb and J. J.
Thomson. Also dumb-bells (Fig. 11) without air-gap, which
must be excited by a positive spark at one end and a negative
spark at the other, and many other shapes, the most recent
of mine being the inside of a hollow cylinder with sparks
at ends of a diameter (Fig. 12); this being a feeble radiator,
but a very persistent vibrator,* and, therefore, well adapted
for interferance and diffraction experiments. Buf, indeed,
spheres can be made to vibrate longer than usual by putting
them into copper hats or enclosures, in which an aperture of
varying size can be made to let the waves out (Figs 20 and 21).

F16, 11.—A Small Dumb-bell Form of Radiator for Impulsive Rush,

" Many of these senders will do for receivers too, giving off
sparks to other insulated bodies or to earth ; but besides the
Hertz type of receiver, many other detectors of radiation have

©
| |

Fia. 12.—Dr. Lodge’s Hollow Cylindrical Radiator, arranged horizontally
against the outside of a Metal-lined Box containing the Spark-producing
Apparatus, Half natural size. Emitting 3in. waves,

been employed. Vacuum tubes can be used, either directly
or on the trigger principle, as by Zehnder (Fig. 18),1 the
resonator spark precipitating a discharge from some auxiliary

* J.J. Thomson, “ Recent Researches,” 344. 1 Wied. Ann., XLVIL, p. T7.
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battery or source of energy, and so making a feeble disturb-
ance very visible. Explosives may be used for the same
purpose, either in the form of mixed water-gases or in the
form of an Abel’s fuse. FitzGerald found that a tremendously
sensitive galvanometer could indicate that a feeble spark had
passed, by reason of the consequent disturbance of electrical
equilibrium which settled down again through the galvano-
meter.* This was the method he used in this theatre four
years ago. Blyth used a onesided electrometer, and V.
Bjerknes has greatly developed this method (Fig. 14), abolish-
ing the need for a spark, and making the electrometer metri-
cal, integrating and satisfactory.t With this detector many
measurements have been made at Bonn by Bjerknes, Yule,
Barton and others on waves concentrated and kept from
space dissipation by guiding wires.

F1a. 13.—Zehnder’s Trigger Tube. Half Natural Size. The two right-
hand terminals, close together, are attached to the Hertz receiver ; another
pair of terminals are connected to some source just not able to make the
tube glow until the scintilla occurs and mkes the gas more conducting—
a8 observed by Schuster and others.

Mr. Boys has experimented on the mechanical force exerted
by electrical surgings, and Hertz also made observations of
the same kind.

Various Detectors.

Going back to older methods of detecting electrical radia-
tion, we have, most important of all, & discovery made long
before man existed, by a creature that developed a sensitive
cavity on its skin ; a creature which never so much as had a
name to be remembered by (though perhaps we now call it
trilobite). Then, in recent times we recall the photographic

* FitzGerald, Nature, Vol. XLIL,, p. 295, and Vol. XLIIL, p. 172.
+ Wied. Ann., 44, p. 74.
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plate and the thermopile, with its modification, the radio-
micrometer ; also the so-called bolometer, or otherwise-known
Siemens’ pyrometer, applied to astronomy by Langley, and
applied to the detection of electric waves in wires by Rubens
and Ritter and Paalzow and Arons. The thermal junction
was applied to the same purpose by Kolacek, D. E. Jones and
others.

And, before all these, the late Mr. Gregory, of Cooper’s
Hill, made his singularly sensitive expansion meter, whereby
waves in free space could be detected by the minute rise of
temperature they caused in a platinum wire, a kind of early
and sensitive form of Cardew voltmeter.

]
| =
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Fia. 14.—Bjerknes’ Apparatus, showing (1) a Hertz vibrator connected
to an induction coil ; (2) & nearly closed circuit receiver properly tuned
with the vibrator ; and (3) a one-sided electrometer for inserting in the
air-gap of 2. The receiver is not provided with knobs, as shown, but its
open circuit is terminated by the quadrants of the electrometer, which is
shown on an enlarged scale alongside. The needle is at zero potential and
is attracted by both quadrants. By calculation from the indications of this
electrometer Bjerknes plotted the curves 1, 2 and 3 on pages 4 and 5.
Fig. 1 represents the oscillations of the primary vibrator, rapidly damped by
radiation of energy. Fig. 2 represents the vibrations thereby set up in the
resonating circuit when the two are accurately in tune ; and which persist
for many swings. Fig. 3 shows the vibrations excited in the same circuit
when slightly out of tune with the exciter. A receiver of this kind makes
many swings before it is seriously damped, though the open plate radiator
does not.

Going back to the physiological method of detecting
surgings, Hertz tried the frog’s-leg nerve-muscle preparation,
which to the steadier types of electrical stimulus is so sur-
passingly sensitive, and to which we owe the discovery of
current electricity. But he failed to get any result. Ritter
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has succeeded ; but, in my experience, failure is the normal
- and proper result. Working with my colleague, Prof. Gotch,

at Liverpool, I too have tried the nerve and muscle preparation
_ of the frog (Fig. 15), and we find that an excessively violent
stimulus of a rapidly alternating character, if pure and
unaccompanied by secondary actions, produces no effect—
no stimulating effect, that is—even though the voltage is so
high that sparks are ready to jump between the needles in
direot contact with the nerve.

All that such oscillations do, if continued, is to produce a
temporary paralysis or fatigue of the nerve, so that it is unable
to transmit the nerve impulses evoked by other stimuli, from
which paralysis it recovers readily enough in course of time.

This has been expected from experiments on human beings,
such experiments as Tesla’s and those of d’Arsonval. But an
entire animal is not at all a satisfactory instrument wherewith
to attack the question; its nerves are so embedded in con-

B D

A c =—===

Fi1a, 1b.—Experiwent of Gotch and Lodge on tne physiological effect of
rapid pure electric alternations. Nerve-muscle preparation, with four
needles, or else non-polarisable electrodes applied to the nerve. C and D
are the terminals of a rapidly-alternating electric current from a conductor
at zero potential (namely, the terminals of a derived circuit from a wire
connecting the outer coats of a pair of discharging Leyden jars), while
A and B are the terminals of an ordinary very weak galvanic or induction
coil stimulus only just sufficient to make the muscle twitch. The C D
terminals do not stimulate the nerve, though at very high alternative-
potentials, but they gradually and temporarily paralyse it, so that the test
terminals A B produce no effect for & time,

ducting tissues that it may easily be doubted whether the
alternating type of stimulus ever reaches them at all. By
dissecting out a nerve and muscle from a deceased frog after
the historic manner of physiologists, and applying the
stimulus direct to the nerve, at the same time as some other
well known t};th of a volt stimulus is applied to another
part of the same nerve further from the muscle, it can be
shown that rapid electric alternations, if entirely unaccom-
panied by static charge or by resultant algebraic electrio
transmission, evoke no excitatory response until they are so
violent as to give rise to secondary effects such as heat or
wechanical shock. Yet, notwithstanding this inaction, they
o
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gradually and slowly exert a paralysing or obstructive action
on the portion of the nerve to which they are applied, so that
the nerve impulse excited by the feeble just perceptible 3 5th-
volts stimulus above is gradually throttled on its way down to
the muscle, and remains so throttled for a time varying from
a few minutes to an hour after the cessation of the violence.
[T did not show this experiment at the lecture.]

Air Gap and Electroscope charged by Glass Rod and discharged by
the Wave Impulse from a moderately distant Sphers excited by Cotl.

Among trigger methods of detecting electric radiation, 1
have spoken of the Zehnder vacuum tubes; another method
is one used by Boltzmann.* A pile of several hundred volts

Fia. 16.—Air gap for Electroscope. Natural size, The bottom plate is
connected to, and represents, the cap of an electroscope ; the “ knob * above
it, mentioned in text, is the polished end of the screw, whose terminal
is connected with the case of the instrument or “ earth.” The electroscope
being charged to the verge of overflow, the impact of weak electric waves
collected by a bit of wire sticking up from the left-hand binding screw
precipitates the collapse of the leaves.

is on the verge of charging an electroscope through an air gap
just too wide to break down. Very slight electric surgings
precipitate the discharge across the gap, and the leaves
diverge. I show this in a modified and simple form. On the
cap of an electroscope is placed a highly polished knob or
rounded end connected to the sole, and just not touching the
cap, or, rather, just not touching a plate connected with the
cap (Fig. 16), the distance between knob and plate being

* Weid. Anm., 40, p, 399,
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almost infinitesimal, such a distance as is appreciated in
spherometry. Such an electroscope overflows suddenly and
completely with any gentle rise of potential. Bring excited
glass near it, the leaves diverge gradually and then suddenly
collapse, because the air space snaps: remove the glass, and
they rediverge with negative electricity; the knob above the
cap being then charged positively, and to the verge of
spaiking. In this condition any electrical waves, collected if
weak by a foot or so of wire projecting from the cap, will dis-
charge the electroscope by exciting surgings in the wire, and
so breaking down the air gap. The chief interest about this
experiment seems to me the extremely definite dielectric
strength of so infinitesimal an air space. Moreover, it is a
detector for Hertz waves thal might have been used last
century; it might have been used by Benjamin Franklin,

For to excite them no coil or anything complicated is
necessary ; it is sufficient to flick a metal sphere or cylinder
with a silk handkerchief and then discharge it with a well-
polished knob. If it is not well polished the discharge is com-
paratively gradual, and the vibrations are weak; the more
polished are the sides of an air gap, the more sudden is the
collapse and the more vigorous the consequent radiation,
especmlly the radiation. of high frequency, the higher har-
monies of the disturbance.

For delicate experiments it is sometimes well to repohsh
the knobs every hour or so. For metrical experiments it is
often better to let the knobs get into a less efficient but more
permanent state. This is true of all senders or radiators.
For the generation of the, so to speak, *infra-red’ long-
period Hertz waves any knobs will do, but to generate the
¢¢ yltra-violet >’ short-period waves high polish is essential.

Microphonic Detectors.

Receivers or detectors, which for the present I temporarily
call migrophonic, are liable to respond best to the more rapid
vibrations. Their sensitiveness is to me surprising, though of
course it does not approach the sensitiveness of the eye; at
the same time I am by no means sure that the eye differs
from them in kind. It is these detectors that I wish specially

to bring to your notice.
02
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Prof. Minchin, whose long and patient work in connection
with photo-electricity is now becoming known, and who has
devised an instrument more sensitive to radiation than even
Boys’ radiomicrometer, in that it responds to the radiation of
a star while the radiomicrometer does not, found some years -
ago that some of his light-excitable cells lost their sensitive-
ness capriciously on tapping, and later he found that they
frequently regained it again while Mr. Gregory’s Hertz-wave
experiments were going on in the same room.

These “ impulsion-cells,” as he terms them, are troublesome
things for ordinary persons to make and work with—at least I
have never presumed to try—but in Mr. Minchin’s hands they
are surprisingly sensitive te electric waves.*

The sensitiveness of selenium to light is known to everyone,
and Mr. Shelford Bidwell has made experiments on the varia-
tions of conductivity exhibited by a mixture of sulphur and
carbon.

Nearly four years ago M. Edouard Branly found that a bur-
nished coat of porphyrised copper spread on glass or ebonite,
diminished its resistance enormously, from some millions
to some hundreds of ohms, when it was exposed to the
neighbourhood, even the distant neighbourhood, of Leyden
jar or coil sparks. He likewise found that a tube of metallic
filings behaved similarly, and that both recovered their
original resistance on shaking or tapping. Mr. Croft exhibited
this fact recently at the Physical Society. M. Branly also
made pastes and solid rods of filings, in Canada balsam and
in sulphur, and found them likewise sensitive.}

With me the matter arose somewhat differently, as an out-
come of the air-gap detector employed with an electroscope by
Boltzman (Fig. 16). For I had observed in 1889 that two knobs
sufficiently close together, far too close to stand any voltage
such as an electroscope can show, could, when a spark passed
between them, actually cohere; conducting an ordinary bell-
ringing current if a single voltaic cell was in circuit; and, if
there were no such cell, exhibiting an electromotive force of
their own sufficient to disturb a low resistance galvanometer

* Phil. Mag., Vol. XXXL, p. 223,
t E. Branly, Comptes Rendua, Vol. CXL, p. 786 ; md Vol. CXIL., p. 90.
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vigorously, and sometimes requiring a faintly perceptible
amount of force to detach them. The experiment was
described to the Institution of Electrical Engineers in 1890,*
and Prof. Hughes said he had observed the same thing.

. The experiment of the syntonic Leyden jars can be
conveniently shown with the double knob or 1889 coherer.
The pair of knobs are arranged to connect the coatings of the
receiving jar (a large condenser being interposed to prevent
their completing a purely metallic circuit), and in circuit with

Fia. 16a.—Receiver in Syntonic Jar Experiment, with Knob Coherer
and Tapper-back (cf. Fig. 4).
them is a battery and a bell. Every time the receiving jar
responds syntonically to the electric vibration of the other jar,
the knobs cohere (if properly adjusted) and the bell rings, If
the bell is free in air it continues ringing until the knobs are
gently tapped asunder; but if the bell stands on the same
table as the knobs, especially if it rests one foot on the actual
stand, then its first stroke taps them back instantly and auto-
matically, and so every discharge of the sending jar is

" * Journal Institution of Electrical Engineers, 1890, Vol. XIX., pp.
3562-4 ; or “Lightning Conductors and Lightning Guards,” pp. 82-4,
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signalled by a single stroke of the bell. Here we have in
~ essence a system of very distinctly syntonic telegraphy, for
the jars and their circuits must be accurately tuned together,
if there is to be any response. A very little error in tuning,
easily made by altering the position of the slider (Fig. 4),
will make them quite unresponsive, unless the distance
between them is reduced.

At the maximum distance of response the tuning required
is excessively sharp. But, certainly, for these closed and
durably-vibrating circuits, the distance of response is small,
as has been said before. Fig. 16a shows the syntonic

Fra. 17.—Early Form of Coherer, consisting of a spiral of thin iron wire
mounted on an adjustable spindle and an aluminium plate. When the
lever is moved clockwise the tip of the iron wire presses gently against the
aluminium plate, whose end is bent at right angles and passed through
into the hollow circular wooden box, of which the upper figure shows the
top and general appearance, and the lower figure shows the inside,

Leyden jar experiment arranged with the double knob
coherer, instead of with the spark gap of Fig. 4.

Coherer in open, responding to Feeble Stimuli :—Small Sphere,
Gas-lighter, Distant Sphere, Electrophorus.

Well, this arrangement, which I call a coherer, is the most

astonishingly sensitive detector of Hertz waves. It differs

from an actual air-gap in that the insulating film is mnot
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really insulating ; the film breaks down not only much more
easily, but also in a less discontinuous and more permanent
manner, than an air-gap. Branly’s tube of filings, a series of
bad contacts, clearly works on the same plan; and though a
tube of filings is by no means so sensitive, yet it is in many
respects easier to work with, and except for very feeble
stimuli, is more metrical. If the filings used are coarse, say
turnings or borings, the tube approximates to a single coherer ;
if they are fine, it has a larger range of sensibility. In every
case what these receivers feel are sudden jerks of current;
smooth sinuous vibrations are ineffective. They seem to me
to respond best to waves a few inches long, but doubtless
that is determined chiefly by the dimensions of some con-
ductor with which they happen to be associated. (Figs. 17
and 18.)

Fi1a. 18.—Early Form of Iron Borings Tube. One-half natural size,
with solid brass cylinder terminals in each end of the tube, making
-contact with the borings,

Eaxperiment showing Filings Tube responding to Sphers, to
Eloctrophorus, and to a Quasi-** Spark" from the Discharge
of an ordinary Gold-leaf Electroscope,

I picture the action as follows: Suppose two fairly clean
pieces of metal in light contact—say two pieces of brass or of
iron—connected to a single voltaic cell ; a film of what may
be called oxide intervenes between the surfaces so that only
an insignificant current is allowed to pass, because & volt or
two is insufficient to break down the insulating film, except
perhaps at one or two atoms.* If the film is not permitted to
conduct at all, it is not very sensitive; the most sensitive

* See Phil. Mag., Jan., 1894, p. 94, where this explanation (whether
true or not) was first given, and where the author first published his fuller
experience of coherer behaviour.



24 SIGNALLING WITHOUT WIRES.

condition is attained when an infinitesimal current passes,
strong enough just to show on a moderate galvanometer.

Now let the slightest surging occur, say by reason of a
sphere being charged and discharged at a distance of forfy
yards; the film at once breaks down, perhaps not completely
—that is & question of intensity—but permanently. As I
imagine, more molecules get within each other's range,
incipient cohesion sets in and the momentary electric quiver
acts somewhat like a flux. It is & singular variety of electric
welding. A stronger stimulus enables more molecules to hold
on, the process is surprisingly metrical; and as far as I
roughly know at present, the change of resistance is pro-
portional to the energy of the electric radiation, from a source
of given frequency.

It is to be specially noted that a battery current is mot
needed to efect the cohesion, only to demonstrate it. The
battery can be applied after the spark has occurred, and the
resistance will be found changed as much as if the battery
had been on all the time.

The incipient cohesion electrically caused can be mechani-
cally destroyed. Sound vibrations, or any other feeble
mechanical disturbances, such as scratches or taps, are well
adapted to restore the contact to its original high-resistance
sensitive condition. The more feeble the electrical dis-
turbance the slighter is the corresponding mechanical
stimulus needed for restoration. When working with the
radiating sphere (Fig. 19) at a distance of forty yards out
of window, I could not for this reason shout to my assistant
to cause him to press the key of the coil and make a spark,
but I showed him a duster instead, this being & silent signal
which had no disturbing effect on the coherer or tube of
filings. I mention 40 yards, because that was one of the first
outdoor experiments; but I should think that something
more like half-a-mile was nearer the limit of sensitiveness for
this particular apparatus as then arranged. However, this is
a rash statement not at present verified.* At 40 or 60 yards

* This statement has been absurdly misunderstood, as if it was a predic-
tion of what would always be the limit of sensitiveness for any apparatus
and any sized sender. Nothing of the kind was in my mind. Such

predictions are always preposterous, and I am not obliged to those who
imagined that I had been guilty of one of them.—O, J. L., 1899,
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the exoiting spark could be distinctly heard, and it was
interesting to watch the spot of light begin its long excursion
and actnally travel a distance of 2in. or 8in. before the sound
arrived. This experiment proved definitely enough that the
efficient cause travelled quicker than sound, and disposed
completely of any sceptical doubts as to sound-waves being,
perhaps, the real cause of the phenomenon. Signals were
obtained across the full width of the college quadrangle, and
later, with larger apparatus, between the college tower and
another high building half-a-mile away.

YT

g
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F1a. 19.—Radiator used in the library of the Royal Institution, exciting
the Coherer (Fig. 17) on the lecture table in the Theatre. I also used a
radiator with two or with three large spheres between two knobs, and
described it in Nature, Vol. 41, p. 462, 1890, This is the radiator which
Prof. Righi has improved and made in & compact form with oil between
the two middle spheres.

Invariably, when the receiver is in good condition, sound
or other mechanical disturbance acts one way, viz., in the
direction of increasing resistance, while electrical radiation or
jerks act the other way, decreasing it. While getting the
receiver into condition, or when it is getting out of order,
vibrations and sometimes electric discharges act irregularly;
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and an occasional good shaking does the filings good. I have
taken rough measurements of the resistance by the simple
process of restoring the original galvanometer deflection by
adding or removing resistance coils. A half-inch tube, 8in.
long, of selected iron turnings (Fig. 18) had a resistance of
2,600 ohms in the sensitive state. A feeble stimulus, caused
by a distant electrophorus spark, brought it down 400 ohms.
A rather stronger one reduced it by 500 and 600, while a
trace of spark given to a point of the circuit itself ran it down
1,400 ohms.

This is only to give au 1dea of the quantities. I have not
yet done any seriously metrical experiments.

Added later.—My assistant, Mr. E. E. Robinson, early
noticed that when a telephone was used as receiver, say with a
single-point coherer (see illustration on opposite page), which
is a very sensitive arrangement, every disturbance of the
coherer due to received waves is accompanied by a crackle
or tick in the telephone, without any tapping back being
necessary. This is, indeed, the easiest mode of receiving
signals, and we often practised it. If a suitable, well-damped
galvanometer, such as a Thomson marine speaking-galvano-
meter, is included also in the circuit (a more sensitive one is
sometimes necessary—and we frequently used a D’Arsonval—
but it must be well damped), the meaning of these ticks is
recognised ; each represents a minute change in the resistance
of the coherer—not at all the full change usually employed,
but little subsidiary changes, sometimes up and sometimes
down, barely sufficient to affect a galvanometer, but quite
adequate (being so sudden) to disturb a telephone, This
method of receiving, wkich at first is very sensitive, after a
time becomes less so; the point shows signs of fatigue,
probably due to too perfect cohesion having been gradually
established, and a mechanical tap back is desirable to restore
it to its original condition.

If all the signals received were precisely of the same
strength, I doubt if these superposed crimples of resistance
would occur ; but signals depending on quality of sending
spark never are of the same strength, and accordingly the
sudden slight variations of resistance do occur. Usually
an ordinary high-registance telephone was employed, and it was
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Simplest Receiving Arrangement : a Telephone in Circuit with Single-
point Coherer without Tapper-back. B a needle resting against a watch-
spring A adjusted by screw C.
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Syntonic Sender and Receiver used in the experiments plotted on
page 28. The switch enables the coherer K to be connected either to the
tuned resonator ML N or to the detecting circuit EF. Weak impulses
are felt when the switch is C E, D F ; strong impulses when the switch
is CA, D B; provided the coil L is similar to the coil of the radiator
above. The impulses are plotted in the diagram Fig. 19a.
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joined to the coherer circuit through one of the usual small
transformers—a plan which has many obvious advantages.
The fluctuations of resistance of a coherer dependent on
various strengths of stimulus are instructively shown in some
metrical experiments made by Mr. Robinson, and a plotting
of which I showed to the Physical Society of London in
1897. This plotting is here reproduced, and it shows the
singular fact that, whereas a stronger electrical stimulus
usually decreases the resistance, as is natural, a weaker subse-
quent stimulus usually increases it again : so that alternately
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October 27, 1897.
F16, 19a,—Current through Coherer after successive Electrical Stimuli,
without any mechanical tapping back. The sudden rises are obtained
when the circuits are syntonised. Weaker stimuli cause the descente.

strong and weak stimuli send the curve zigzagging up and
down, until it gets into & condition demanding rejuvenation
by a mechanieal tap back.

Sometimes a decidedly strong electrical stimulus knocks
down the conductivity of the coherer as if it had been tapped
back. This is almost certainly due to a burning of the deli-
cate contacts—a blowing of a fuse as it were,—and the effect
of this electrical burn back is quite different from the effect
of a mechanical tap back, inasmuch as it leaves the coherer
insensitive. A shaking up is necessary to restore it.



- WORK OF HERTZ LECTURE. 29

CoNTINUATION OF LEOTURE.

I now call your attention to the Table on next page of
various kinds of detector for electric zadiation distributed in.
groups.

Selenium is inserted in this table in the microphone
column, because it is & substance which in certain states is.
well known to behave to visible light as these other micro-
phonic detectors behave to Hertz waves. It is inserted with
a query, to indicate that its position in the table is not certainly
known. It may possibly belong to some other column.

: Electrical Theory of Vision.

- And I want to suggest that quite possibly the sensitiveness
of the eye is of the coherer kind. As I am not a physiologist
I cannot be seriously blamed for making wild and hazardous
speculations in that region. I therefore wish to guess that
some part of the retina is an electrical organ, say like that of
some fishes, maintaining an electromotive force which is
prevented from stimulating the nerves solely by an intervening
layer of badly conducting material, or of conducting powder
with gaps in it; but that when light falls upon the retina
these gaps become more or less conducting, and the nerves
are stimulated. I do not feel clear which part is taken by
the rods and cones, and which part by the pigment cells ; I
must not try to make the hypothesis too definite at present,
though I hope it is obvious what I intend to suggest.

If I had to make a demonstration model of the eye on these
lines, I should arrange a little battery to excite a frog’s nerve-
muscle preparation through a circuit completed all except a
layer of filings or a single bad contact. Such an arrangement
would respond to Hertz waves. Or, if I wanted actual light to
act, instead of grosser waves, I would use a layer of selenium.

But the bad contact and the Hertz waves are the most
instructive, because we do not at present really know what the
selenium is doing, any more than what the retina is doing.

And observe that (to my surprise, 1 confess) the rough
outline of a theory of vision thus suggested is in accordance
with some of the principal views of the physiologist Hering.
The sensation of light is due to the electrical stimulus; the
sensation of black is due to the mechanical or tapping
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back stimulus. Darkness is physiologically not the mere
cessation of light. Both are positive sensations, and both
stimuli are necessary; for until the filings are tapped
back vision is persistent. In the eye model the period of
mechanical tremor should be, say, ¥;th second, so as to give
the right amount of persistence of impression.

No doubt in the eye the tapping back is done automa.hcally
by the tissues, so that it is always ready for a new impression,
until fatigued. And by mounting an electric bell or other
vibrator on the same board as a tube of filings, it is possible
to-arrange so that & feeble electric stimulus shall produce a
feeble steady effect, a stronger stimulus a stronger effect, and
80 on; the tremor asserting its predominance, and bringing
the spot back, whenever the electric stimulus ceases.

An electric bell thus close to the tube is, indeed, not the
best vibrator; clockwork might do better, because the bell
contains in itself a jerky current, which produces one effect,
and a mechanical vibration, which produces an opposite effect,
hence the spot of light can hardly keep still. By lessening
the vibration—say, by detaching the bell from actual contact
with the board, the electric jerks of the intermittent current
drive the spot violently up the scale; mechanical tremor
brings it down again. It must be clearly understood that
electric jerks, due to the make and break of an ordinary
current, are quite adequate to electrically stimulate a coherer
in their neighbourhood. It is constantly to be noticed that a
coherer responds best to excessively short sparks of a certain
sharp quality.

You observe that the eye on this hypothesis is, in electro-
meter language, heterostatic. The energy of vision is supplied
by the organism; the light only pulls a trigger. Whereas
the organ of hearing is idiostatic. I might draw further
analogies between this arrangement and the eye, e.g., about
the effect of blows or disorder causing irregular conduction
_ and stimulation, of the galvanometer in the one instrument,
of the brain cells in the other. |

A handy portable exciter of electric waves is one of the
ordinary hand electric gas-lighters, containing a small
revolving doubler—i.¢., an inductive or replenishing machine.
A coherer can feel a gas-lighter across a lecture theatre.

|
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Minchin often used them for stimulating his impulsion cells.
I find that when held near they act a little even when no
ordinary spark occurs, plainly because of the little incipient
sparks at the brushes or tinfoil contacts inside. A Voss
machine acts similarly, giving a small deflaction while
working up before it sparks: indeed, these small sparks are
often more effective than bigger ones.

Demonstration of Ordinary Holtz Machine Sparks not exciting
Tube : ewcept by help of a polished knob,

And notice here that our model eye has a well-defined
range of vision. It cannot see waves too long for it. The
powerful disturbance caused by the violent flashes of a Holtz
or Wimshurst or Voss machine it is blind to. The loud
sparks have no effeot on it. They are like infra-red radiation
to the eye. If the knobs of the machine are well polished
the coherer begins to respond again, evidently by reason of
some high harmonics, due to vibrations in the terminal rods;
and these are the vibrations to which it responds when
excited simply by an induction-coil. The coil should have
knobs instead of points. Sparks from points or dirty knobs
hardly excite the coherer at all. But hold a well-polished
sphere or third knob between even the dirty knobs of a Voss
machine, and the coherer responds at once to the surgings
got up in that clean sphere.

Feeble short sparks again are often more powerful exciters
than are strong long ones. I suppose because they are more
sudden. This is instructively shown with an electrophorous
lid. Sparkit to a knuckle, and it does very little. Spark it toa
clean knob held in the hand and it works well. But now
spark it to an insulated sphere, there is some effect. Discharge
the sphere, and take a second spark, without recharging the
lid; do this several times; and at last, when the spark is
inaudible, invisible, and otherwise imperceptible, the coherer
some yards away responds more violently than ever, and the
spot of light rushes from the scale.

If a coherer be attached by a side wire to the gas pipes, and
an eleotrophorus spark be given to either the gas pipes or the
water pipes or even to the hot-water system in any other room
of the building, the coherer responds. It is surprising how



WORR OF HERTZ LECTURE, 83

far these impulses can be felt along an ordinary uninsulated
wire or other conductor.

In fact, when thus connected to gas-pipes one day when I
tried it, the spot of light could hardly keep still five seconds.
Whether there was a distant thunderstorm, or whether it was
only picking up telegraphic jerks, I do not know. The jerk
of turning on or off an extra Swan lamp can affect it when
sensitive. I hope to try for long-wave radiation from the
sun, filtering out the ordinary well-known waves by a black-
board or other sufficiently opaque substance.

[I did not succeed in this, for a sensitive coherer in an
outside shed unprotected by the thick walls of a substantial
building cannot be kept quiet for long. I found its spot of

F1a. 198.—A Portable Detector, B the Collecting Wire,

light liable to frequent weak and occasionally violent excursions,
and I could not trace any of these to the influence of the sun.
There were evidently too many terrestrial sources of disturb-
ance in a city like Liverpool to make the experiment feasible.
I don’t know that it might not possibly be successful in some
isolated country place; but clearly the arrangement must be
highly sensitive in order to succeed.]

We can easily see the detector respond to a distant source
of radiation now, viz., to a 5in. sphere placed in the library
between secondary coil knobs; separated from the receiver,
therefore, by several walls and some heavily gilded paper, as
well as by 20 or 80 yards of space (Fig. 19.)

Also I exhibit (Fig. 198) a small complete detector made by
my assistant, Mr. Davies, which is quite portable and easily set

: D
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up. The essentials (battery, galvanometer, and coherer) are all
in & copper cylinder, A, three inches by two. A bit of wire, B,
a few inches long, pegged into it, helps it to collect waves. It
is just conceivable that at some distant date, say by dint of
inserting gold wires or powder in the retina, we may be
enabled to see waves which at present we are blind to.

Observe how simple the production and detection of Hertz
waves are now. An electrophorus or a frictional machine
gerves to excite them; a voltaic cell, a rough galvanometer,
and a bad contact serves to detect them. Indeed, they might
have been observed at the beginning of the century, before
galvanometers were known: & frog’s leg or an iodide of
starch paper would do almost as well.

A bad contact was at one time regarded as a simple nuisance,
because of the singularly uncertain and capricious character of
the current transmitted by it. Hughes observed its sensitive-
ness to sound-waves, and it became the microphone. Now it
turns out to be sensitive to electric waves, if it be made of any
oxidisable medal (not of carbon),* and we have an instrument
which might be called a micro-something, but which, as it
appears toact by cohesion, I at present call a coherer. Perhaps
some of the capriciousness of an anathematised bad contact was
sometimes due to the fact that it was responding to stray elec-
tric radiation. (See Appendix III., pp. 109 and 111.)

The breaking down of cohesion by mechanical tremor is an
ancient process, observed on a large scale by engineers in rail-
way axles and girders; indeed, the cutting of small girders by
persistent blows of hammer and chisel reminded me the other
day of the tapping back of our cohering surfaces after they
have been exposed to the uniting effect of an electric jerk.

Recerver in Metallic Enclosure.

If a coherer is shut up in a complete metallic enclosure,
waves cannot get ab it, but if wires are led from it to an out-
side ordinary galvanometer, it remains nearly as sensitive as

* FitzGerald tells me that he has succeeded with carbon also. My
experience is that the less oxidisable the metal, the more sensitive and also
the more troublesome is the detector. Mr. Robinson has now made me a
hydrogen vacuum tube of brass filings, which beats the coherer for
sensitiveness, July, 1894,
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it was before (nearly, not quite), for the circuit picks up the
waves and they run along the insulated wires into the elosed
box. To screen it effectively, it is necessary to enclose battery
and galvanometer and every bit of wire connection ; the only
thing that may be left outside is the needle of the galvano-
meter. Accordingly, here we have a compact arrangement of
battery and galvanometer coil and coherer, all shut up in a
copper box (Fig. 19¢). The galvanometer coil is fixed against
the side of the box at such height that it can act conveniently
on an outside suspended compass needle. The slow magnetic
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~ Fra. 190.—Protected Detector. A is an occasional we passing through
shuttered aperture. E is a lead tube enclosing leading wires, as in Fig. 21.

action of the current in the coil has no difficulty in getting
through copper, as everyone knows : only a perfect conductor
could screen off that; but the Hertz waves are effectively kept
out by the sheet copper.

It must be said, however, that the box must be exceedingly
well closed for the screening to be perfect. The very narrowest
chink permits their entrance, and at one time I thought I should
have to solder a lid on before they could be kept entirely out.
Clamping & copper lid on to a flange in six places was not
enough. But by the use of pads of tinfoil and tight clamping,

D2
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chinks can be avoided, and the inside of the box becomes then
electrically dark. .

If even an inch of the circuit protrudes, it at once becomes
slightly sensitive again; and if a mere single wire protrudes
through the box, not connected to anything at either end,
provided it is insulated where it passes through, the waves
will utilise it as & speaking tube, and run blithely in. And
this happens whether the wire be connected to anything inside
or not, though it acts more strongly when connected.

In careful experiments, where the galvanometer is protected
in one copper box and the coherer in another, the wires eon-

Fi1a. 20.—Spherical Radiator for emitting & Horizontal Beam, arranged
tnside & Copper Hat, fixed against the outside of a metal-lined Box, which
contains induction coil and battery and key. One-eighth natural size.
The wires pass into the box through glass tubes not shown.

necting the two must be encased in a metal tube (Figs. 190
and 21), and this tube must be well connected with the metal
of both enclosures, if nothing is to get in but what is wanted.

Similarly when definite radiation is desired, it is well to
put the radiator in a copper hat open in only one direction
(Fig. 20), and in order to guard against reflected and collateral
surgings running along the wires which pass outside to the
exciting coil and battery, as they are liable to do, I am
aceustomed to put all the sending apparatus in a packing case
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lined with tinfoil, to the outside of which the sending hat
(Fig. 20) is fixed, and to pull the key of the primary exciting
circuit by a string from outside, so that not even key connec-
tions shall protrude, else exact optical experiments are
impossible.

Even then, with the lid of the hat well clamped on, some-
thing gets out, but it is not enough to cause serious dis-
turbance of qualitative results. The sender must evidently be
thought of as emitting a momentary blaze of light which
escapes through every chink. Or, indeed, since the waves are
some inches long, the difficulty of keeping them out of an

| i

Fia. 21,—General arrangement of experiments with the Copper “ Hat,”
showing Metal Box on a Stool, standing outside the Theatre. The Box is
not exactly represented, but inside it the Radiators were fixed with a
graduated series of apertures; the Copper Hat containing the Coherer
is seen on the Table with the Metal Box on the left of the Table containing
Battery and Galvanometer Coil connected to it by & compo pipe conveying
the wires, as in Fig. 180 ; the Lamp and Scale barely indicated at one side
of the Table ; a Paraffin Prism ; and a Polarising Grid of copper wires
stretched on a frame. [This figure is from a thumbnail sketch by Mr,
A, P, Trotter, taken at the Lecture in 1884.]

enclosure may be likened to the difficulty of excluding sound ;
though the difficulty is not quite so great as that, since a
reasonable thickness of metal is really opaque. I fancied
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once or twice I detected a trace of transparency in such metal
sheets as ordinary tinplate, but unnoticed chinks elsewhere
may have deceived me. It is a thing easy to make sure of as
goon ag I have more time. [Tinplate is quite opaque, Lead
paper lets a little through.]

One thing in this connection is noticeable, and that is how
little radiation gets either in or out of & small round hole. A
narrow long chink in the receiver box lets in a lot ; a round
hole the size of a shilling lets in hardly any, unless indeed a
bit of insulated wire protrudes through it like a collecting ear
trumpet, as at A, Fig. 190.

It may be asked how the waves get out of the metal tube
of an electric gas-lighter. But they do not; they get out
through the handle, which being of ebonite is transparent.
Wrap up the handle in tinfoil, and a gas-lighter is powerless.

Orrioal ExperIMENTS,

And now, in conclusion, I will show some of the ordinary
optical experiments with Hertz waves, using as source either
one of two devices : either a 5in. sphere with sparks to ends
of a diameter (Fig. 19), an arrangement which emits 7in.
waves but of so dead-beat a character that it is wise to enclose
it in a copper hat to prolong them and send them out in the
desired direction, or else a 2in. hollow cylinder with spark
knobs at ends of an internal diameter (Fig. 12). This last
emits 8in, waves of & very fairly persistent character, but with
nothing like the intensity of one of the outside radiators.

As receiver there is no need to use anything sensitive, so I
employ a glass tube full of coarse iron filings, put at the back
of & copper hat with its mouth turned well askew to the
source, which is put outside the door at a distance of some
yards, so that only a little direct radiation can reach the tube.
Sometimes the tube is put lengthways in the hat instead of
crossways, which makes it less sensitive, and has also the
advantage of doing away with the polarising, or rather
analysing, power of a crossway tube.

The radiation from the sphere is still too strong, but it can
be stopped down by a diaphragm plate with holes in it of
varying size clamped on the sending box (right hand side of
Fig. 21).
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Reflection.

Having thus reduced the excursion of the spot of light to a
foot or so, & metal plate is held as reflestor, and at once the
spot travels a couple of yards. A wet cloth reflests something,
but a thin glass plate, if dry, reflects next to nothing, being,
as is well known, too thin to give anything but ¢ the black
spot.”” I have fancied that it reflects something of the 8in.
waves.

With reference to the reflecting power of different sub-
stances, it may be interesting to give the following numbers
showing the motion of the spot of light when 8in. waves were
reflected into the copper hat, the angle of incidence being
about 45deg., by the following mirrors :—

Sheet of window glass see.eienreersennenees 0 or at most 1 division.

Human body .....eeeeeeerrrnnreccorneranenes 7 divisions,

Drawing board .......c..evieeveeicirennnnnes 12

Towel soaked with tap-water ... ........ 12

Tea-paper (lead?) .....cceeue PN 0

Dutch metal paper.c. w..cevreieniererannens 0 .,

Tinfoil ......... eereeteerreeeteensnnairraraerrane 80

Sheet COPPET +eevevemerrnrnnnniiirrernninenns 100 and up against stops.
Refracting Prism and Lens.

A block of paraffin about a cubie foot in volume is cast into
the shape of a prism with angles 75deg., 60deg., and 45deg.
Using the large angle, the rays are refracted into the receiving
hat (Fig. 21), and produce an effect much larger than when
the prism is removed,

An ordinary 9in, glass lens is next placed near the source,
and by means of the light of a taper it is focussed between
source and receiver. The lens is seen to increase the effect by
concentrating the electric radiation.

Arago Disc ; Grating ; and Zone-plats,

The lens helps us to set correctly an 18in. circular copper
dise in position for showing the bright diffraction spot.
Removing the dise, the effect is much the same as when it was
present, in accordance with the theory of Poisson. Add the
lens and the effect is greater. With a diffraction grating of
copper strips 2in, broad and 2in. apart, I have not yet
succeeded in wfng good results. It is difficult to get sharp
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nodes and interference effects with these sensitive detectors in
aroom. I expect to do better when I can try out of doors,
away from so many reflecting surfaces; indoors it is like
trying delicate optical experiments in a small whitewashed
chamber well supplied with looking-glasses; nor have I ever
succeeded in getting clear concentration with this zone-plate
having Newton’s rings fixed to it in tinfoil. The coherer, at
any rate in & room, does not seem well adapted to interference
experiments ; it is probably too sensitive, and responds even
at the nodes, unless they are made more perfect than is easily
practicable. But really there is nothing of much interest
uwow in diffraction effects, except the demonstration of the

F1a, 22.—Zone-plate of Tinfoil on Glass. Every circular strip is of area
equal to central space,

waves and the measure of their length. There was immense
interest in Hertz's time, because then the wave character
of the radiation had to be proved; but every possible kind of
wave must give interference and diffraction effects, and their
theory is, so to say, worked out. More interest attaches to
polarisation, double refraction, and dispersion experiments.

Polarising and Analysing Grids.

Polarisation experiments are easy enough. Radiation from
a sphere, or cylinder, or dumb-bell is already strongly
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polarised, and the tube acts as a partial analyser, responding
much more vigorously when its length is parallel to the line
of sparks than when they are crossed ; but a convenient extra
polariser is & grid of wires something like what was used by
Hertz, only on a much smaller scale ; say an 18in. octagonal
frame of copper strip with a harp of parallel copper wires
(see Fig. 21, on floor). The sparkline of the radiator
(Fig. 20) being set at 45deg., a vertical grid placed over the
receiver reduces the reflection to about one-half, and a crossed
grid over the source reduces it to nearly nothing.

Rotating either grid a little rapidly increases the effect.
which becomes & maximum when they are parallel. The
interposition of a third grid, with its wires at 45deg., between
two crossed grids, restores some of the obliterated effect.

Radiation reflected from a grid is strongly polarised, of
course, in a plane normal to that of the radiation which gets
through it. They are thus analogous in their effect to Nicols,
or to a pile of plates.

The electric vibrations which get through these grids are at
right angles to the wires. Vibrations parallel to the wires
are reflected or absorbed.

Reflecting Paraffin Surface ; Direction of Vibrations in Polarised
Light.

To demonstrate that the so-called plane of polarisation of
the radiation transmitted by a grid is at right angles to the
electric vibration,* i.e., that when light is reflected from the
boundary of & transparent substance at the polarising angle
the eleotric vibrations of the reflected beam are perpendicular
to the plane of reflection, I use the same paraffin prism as
before ; but this time I use its largest face as a reflector, and
set it at something near the polarising angle. When the line
of wires of the grid over the mouth of the emitter is parallel
to the plane of incidence, in which case the electric vibrations

* Cf. Trouton, in Nature, Vol. 39, p. 393 ; and many optical experiments
by Mr. Trouton, Vol. 40, p. 398. Since then the above described and
depicted apparatus for electro-optic experiments has been imitated in a
neat, compact form by Prof. J, Chunder Bose, of Calcutta, and with it he
has obtained many admirable and interesting optical results. See Proc.
Roy. Sos,
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are perpendicular to the plane of incidence, plenty of radiation
is reflected by the paraffin face. Turning the grid so that
the electric vibrations are in the plane of incidence, we find
that the paraffin surface set at the proper angle is able to
reflect hardly anything. In other words, the vibrations con-
templated by Fresnel are the electric vibrations; those dealt
with by McCullagh are the magnetic ones.

Thus are some of the surmises of genius verified and made
obvious to the wayfaring man.

END OF LECTURE
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NOTE WITH REFERENCE TO ELECTRIC
WAVES ON WIRES.

——t—

It may be well to explain that in my Royal Imstitution
lecture I made no reference to the transmission of waves
along wires. I regard the transmission of waves in free space
as the special discovery of Hertz; though undoubtedly he
got them on wires too. Their transmission along wires is,
however, a much older thing. Von Bezold saw them in 1870,
and I myself got quantitative evidence of nodes and loops in
wires when working with Mr. Chattock in the session 1887-8
(ses, for instance, contemporary reports of the Bath Meeting

N
N

of the British Association, 1888, in The Electrician), and 1
exhibited them some time afterwards to the Physical Society,
the wires themselves becoming momentarily luminous at
every discharge except at the nodes, thus enabling the waves
to be actually seen, having been made stationary by reflexion
ag in the corresponding acoustic experiment of Melde. This
experiment does not appear to have been properly known (p. 78).

It may be worth mentioning that the arrangement frequently
referred to in Germany by the name of Lecher (viz., that
shown in Fig. 23), and on which a great number of experi-
ments have been made, is nothing but a pair of Leyden
jars with long wires leading from their outer coats, such as I
constantly employed in these experiments. The wires from
the outer coat in my experiment were very long, sometimes

Fia. 23.
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going five or six times round a large hall, like telegraph
wires. And many measurements of wave length were thus
wade by me at the same period as that in which Hertz was
working at Carlsruhe. The use of air dielectric instead of
glass permits the capacity to be adjusted, and also readily
enables the capacity to be small, and the frequency, therefore,
high; but otherwise the arrangement is the same in principle
as had frequently been used by myself in the series of experi-
ments called ¢ the recoil kick ** (Proc. Roy. Soc., June 1891,
Vol. 50, pp. 23-39). For these and other reasons no
reference has been made in my lecture to the work done
on wires by Saragin and De la Rive; nor to other excellent
work done by Lecher, Rubens, Arons, Paalzow, Ritter,
Blondlot, Curie, D. E. Jones, Yule, Barton, and other
sxperimenter. .
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APPLICATION OF THIS METHOD OF SIGNALLING
AT A DISTANCE TO ACTUAL TELEGRAPHY.

e —

Although the method of signalling to a moderate distance
through walls or other non-conducting obstructions by means
of Hertz waves emitted from one station and detected by
Branly filing tubes at another station was practised by the
author and by several other persons in this country, it was
not applied by them to actual telegraphy. The idea of
replacing & galvanometer, which was preferably a well-
damped or speaking galvanometer, by a relay working an
ordinary sounder or Morse was an obvious one, but so
far as the present author was concerned he did not
realise that there would be any particular practical advan-
tage in thus with difficulty telegraphing across space
instead of with ease by the highly developed and simple
telegraphic and telephonic methods rendered possible by
the use of a connecting wire. In this non-perception of
the practical uses of wireless telegraphy he undoubtedly erred.
But others were not so blind, though equally busy ; and notably
Dr. Alexander Muirhead foresaw the telegraphic importance
of this method of signalling immediately after hearing the
author’s lecture on June 1st, 1894, and arranged & siphon
recorder for the purpose. Captain Jackson also, at Devonport,
made experiments for the Admiralty, and succeeded in tele-
graphing between ships in 1895 (or 1896). Prof. Popoff’s
telegraphic application in 1895 is mentioned on page 62.

By some chance a knowledge of the coherer method of
detecting electric waves did not spread fast in Germany, the
many German workers in Hertz waves continuing, for some
time after 1894, the older and less efficient, though for
metriecal purposes often more convenient, mode of detecting
them. But, in Italy, the work described in the preceding
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lecture became well known, and the subject was developed
largely, especially by Prof. Righi, of Bologna, in the optical
direction. It was also developed in the same direction with
many most interesting results by Prof. Bose, of Calcutta, as
mentioned in the text. Prof. Righi made a large number of
experiments, which he has since described in an Ifalian
treatise, ¢ Opticé Elettrica,” and it appears that it was from
him that Signor Marconi learned about the subject, and
immediately conceived the idea of applying it to commercial
telegraphy. He appears to have worked at the subject
for & short time in Italy, aiming at gefting the receiver
to be more satisfactory and dependable, and improving
the early form of Branly filings tube depicted on page 28
by greatly diminishing its size, bringing the terminals
closer together, and replacing the coarse borings by fine
filings. He also sealed them up in a vacuum, just as
the author did, as related on page 84. The only differences,
indeed, between his procedure and the author’s during this
time were that Signor Marconi preferred nickel filings with a
little mercury and & low vacuum, whereas the author adhered
chiefly to iron and brass filings and to high vacua. At last
he brought it over to Dublin, where he was advised to take it
to the Chief of the Government Telegraphs, Mr. Preece, and
accordingly he took his, at that time, crude apparatus to the
Post Office in a sealed box. There was no point of novelty
in it at this stage.

With the powerful aid of the Post Office Signor Marconi
proceeded to develop his system of telegraphy on a large
scale ; and, sometimes failing, sometimes succeeding, gradually
increased the distance over which signalling was possible,
and especially began to develop from unpromising beginnings
his special method for long-distance, viz., the employment
of a sending and receiving conducting plate or other
small surface, at the top of a lofty pole, connected through
what was at that time supposed apparently to be the real
radiator, with the earth. This elevated plate, connected
a8 it now is through a simple spark gap with the earth, is an
obvious modification of a Hertz vibrator; for it may be
regarded simply as & Hertz vibrator with its axis vertical, as
Hertz often used it, and with its lower plate replaced by the
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earth, 80 as to double the available capacity ; but the action of
a pair of such elevated plates, connected through the earth
conductively and through the air inductively, as now used
by Marconi for sender and receiver respectively, is not
quite like that of & Hertz vibrator and a Hertz receiver
acting on one another by emitted radiation in the ordinary
way. If it were not the same earth to which the plates were
connected, they would have to act ordinarily by radiation,
but since it is the same earth, and that earth conducting
(possibly, indeed, with a submerged cable-sheath connecting
favourably-chosen stations), then the two elevated plates are
partially like the greatly separated terminals of a single
Hertz vibrator.

. Only one of the plates is charged during a.sending operation,
the other is at zero potential, but some trace of the electrostatic
lines from one plate may extend in curved lines to the other,
just as they extend to every elevated conductor within hail
of the sender in any directien.

Then comes the snap of the spark gap and the sudden
discharge, equivalent to the rush of an opposite charge of elec-
tricity suddenly into the sending plate, disturbing the electric
equilibrium at a distance—at any distance to which any trace
of eleotrostatic field had been able to reach—and giving a
kind of what is called in lightning a ¢ return stroke.”” The
effect of this on the distant plate and conductor must be
almost infinitesimal ; nevertheless, separating it from the
earth is the most sensitive detector to a minute sudden rush
or jerk of electricity that can be imagined, or that has hitherto
been invented,—the coherer. Accordingly, absurdly minute
though the disturbance is, the coherer feels it, instantly
increases in conductivity, works the relay, and gives the signal.
Every spark at the distant spark gap causes a similar rush
in or out of the distant elevated plate, and the receiving
plate collects such a fraction of this disturbance as to
stimulate the coherer and give a signal every time. Not
that it is to be supposed never to miss fire. At the present
time & coherer is not a rough instrument that can be left free

from expert attention with safety for a long time. There are
" times when it goes on working for days or even weeks, but
there are other times when it gives trouble and needs some
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form of attention. Let us hope that these latter times will
become less frequent, and that the whole thing will become
quite dependable before long. The pertinacious wayin which
Mr. Marconi and his able co-operators have, at great expense,
gradually worked the method up from its early difficult and
capricious stage to its present great distances and comparative
dependableness is worthy of all praise,

Telegraphy by means of Hertz waves, though perhaps
chiefly developed in this country, has also been pursued
successfully by Prof. Slaby in Germany, who has attained
considerable distance over land, with its numerous obstacles,
and has published an account of his researches in a book
called ¢ Funkentelegraphie’; while like success over land
has been attained by M. E. Ducretet, M. Blondel and others
in France. M. Ducretet has, indeed, put on the market a
compact apparatus whereby beginners can readily try their
hands at this mode of signalling; as well as a large-scale
apparatus like that employed by Lieutenant Tissot for light-
house signalling on the coast of Brittany.

The filings tube now chiefly employed by the author is of
the following form :—It is a sealed glass tube containing
carefully selected iron filings, and exhausted to the highest
vacuum. Close together are two little silver globes melted
each on its own platinum wire terminal, which are connected
with convenient screws on an ebonite stand. The filings are
adjusted so as just to cover the two silver globes, and no
more ; a pocket, or reservoir, however, is sometimes provided
whereby more or fewer filings can be easily introduced into
the working compartment for experimental purposes. This
pocket serves to fix the whole tube to its ebonite body, which
is provided with a clamp to attach it to the stiff spring, or
movable lever, or other form of sapport, through which it
is to receive the mechanical shocks necessary to restore or
decohere it after an electrical stimulus.

The usual plan is to employ an electrical hammer to rap
strongly on a stiff brass spring to which the ebonite is
clamped, but another plan is to attach the coherer to a lever
tilted strongly by an electromagnet after the fashion of a
sounder. A rapid succession of gentle taps is often better
than one violent one, but experience is the best test of the
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kind of restoration wanted, for it depends a good deal on the
strength of the electrical stimulus. There are methods of
dispensing with this decohering operation altogether.

After a'fairly strong electric stimulus all the filings are
stuck together into a sort of mat, and nothing but a thorough
shaking up will pull them asunder again. A still more
violent electric shock may indeed have a decohering effect,
but it is not a plan to be recommended, for it seems to be
8 heat effect, akin to the blowing of a fuse.

For protecting a coherer from undesired stimuli, e.g., from
the radiator at its own station, the general method is described
on page 86, &c., and the details of it, with the necessary
switch for changing over from sending to receiving, are
mentioned further on (page 60). But by referring to page 106
it will be seen that M. Branly had already employed such a
protecting case, and had worked details out admirably.

Recently Signor Tommasina has shown that, if one end
of a short rod or wire be dipped into filings while sparks
are occurring in the neighbourhood, the filings adhere to
it and to each other, and with care a long string of them can
be picked up. The author has examined the behaviour of
filings under electrical influence on a glass plate in & micro-
scope, and their movements towards the formation of a
complete conducting bridge between the tinfoil terminals
together with their disjunctive behaviour when the electrical
stimulus is too strong, the thorough cohesion set up by a
succession of electrical stimuli, and the partial or complete
disruption by an appropriate mechanical stimulus is instructive.

An earlier and most important telegraphic application,
based upon information given in the preceding lecture, was
made in 1895 by Prof. Popoff, of Russia, and will be men-
tioned shortly (ses page 62). I now proceed to developments
of syntonic or attuned telegraphy on the true Hertz-wave
principle, the preliminary experiments on which are men
tioned above in connection with the figures on page 27.
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FURTHER DEVELOPMENTS IN THE TELEGRAPHIC
DIRECTION,

————

SYNTONIC TELEGRAPHY.

In the present state of the law in this country it appears to
be necessary for a scientific man whose investigations may
have any practical bearing to refrain from communicating his
work to any scientific society, or publishing it in any journal
until he hag registered it and paid a fee to the Government
under the so-called Patent Law. This unfortunate system is
well caleculated to prevent scientific men in general from
giving any attention to practical applications, and to deter
them from an attempt to make their researches useful to the
community. If a scientific worker publishes in the natural
way, no one has any rights in the thing published ; it is given
away and lies useless, for no one will care to expend capital
wpon a thing over which he has no effective control. In this
cage practical developments generally wait until some outsider
steps in and either patents some slight addition or modifica-
tion, or else, as sometimes happens, patents the whole thing,
with some slight addition. If a scientific worker refrains
from publishing and himself takes out a patent, there are
innumerable troubles and possible litigation ahead of him,
ab least if the thing turns out at all remunerative; but the
probability is that, in his otherwise occupied hands, it will not
so turn out until the period of his patent right has expired.

Pending & much-to-be-desired emendation of the law,
whereby the courts can take cognisance of discoveries or
fundamental steps in an invention communicated to and
officially dated by a responsible scientific society, and can
thereafter award to the discoverer such due and moderate
recompense as shall seem appropriate when & great industry
has risen on the basis of that same discovery or funda-
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mental invention—pending this much-to-be-desired modifi-
cation of the law, it appears to be necessary to go through
the inappropriate and repulsive form of registering a claim
o an attempt at & monopoly. The instinet of the scientific
worker is to publish everything, to hope that any useful
aspect of it may be as quickly as possible utilised, and to
trust to the instinot for fair play that he shall not be the
loser when the thing becomes commercially profitable. To
grant him a monopoly is to grant him a more than doubtful
boon ; to grant him the privilege of fighting for his monopoly

Fio. 2 (Fig. 5 of Specification 11,575/97).—Syntonic Radiator, adapted for
sending and for receiving.

is to grant him a pernicious privilege, which will sap his energy,
.waste his time, and destroy his power of future production.

However, the author, in consultation with friends, decided
that registration was, under present conditions, necessary,
and, accordingly, for his attempt at syntony and other
improvements in the Hertz wave method of signalling, he
can refer here to certain patents taken out, in conjunction
chiefly with Dr. Alexander Muirhead, his oo~worker, which are
numbered respectively as follows :—

(1) 11,5756 of 1897, wherein is described the general
syntonic principle and the mode of prolonging the duration

E 2
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of the vibrations emitted by a radiator or by a receiver. This
is done by adding to it electromagnetic inertia (that is, a self-
induection coil) in such a way as to lessen its radiating power,
converting its type of emission from something like a whip-
crack into something more like that of a struck string. (Not
pushing it so far as to make it like & fork, though that
could be done if desired: see Jourrnal Inst.E.E., December,
1898.) But too prolonged a duration of vibration is not
desirable, for it can only be obtained at the expense of
radiating power. For the most distant signalling the single
. pulse or whip-crack is the best, and this is what in practice

Fi6. 25 (Fig. 13 of Specification 11,575/97). — Diagram of connections for
Syntonic Receiver ; e being coherer and w a non-inductive conducting or
capacity shunt, to eliminate the self-induction of the receiving instru-
ment.

has hitherto always been employed ; but, with it, tuning is of
course impossible. A radiator with several swings is less
violent at its first impulse than is a momentary emitter ;
but then the lessened emitting power of a radiator is to
be compensated by & correspondingly prolonged duration of
vibration on the part of the receiver or absorber, thus
rendering the radiator susceptible of tuning to a special
gimilarly-tuned receiver or resonator. The tuned resonator
is then to respond, not to the first impulse of the radiator, but
to a rapidly worked up succession of properly timed impulses;
so that at length, after an accumulation of two or three, or
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perhaps four, swings, the electrostatic charges in its terminal
plates become sufficient to overflow and spit off into the
coherer, thereby effecting its stimulation and giving the signal.
A resonator not properly tuned—i.c., one tuned to some
different frequency of vibration—would not be able to

F1a.26 (Fig. 10 of Specification 11,575/97).—Interchangeable Self-Induction ’
Coils for signalling to different stations.

accumulate impulses, and hence would not respond, unless of
course it were so much too near the radiator that the very
first swing stimulated it sufficiently to disturb the coherer;
in which case, again, there is no room for tuning. The two
points to attend to for syntonic discrimination are: (a) that

O,
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Fia. 27 (Fig. 3 of Specification 11,576/97).—Diagrammatic representation
of Syntonic Radiator and Receiver. The middle spark gap &, k3 is un-
necessary, though sometimes helpful. The main charging is done by
impulsive rush at the outside knobs,

the receiver shall not be so near the emitter as to feel its
impulses too easily, ¢.e., without accumulation; (b) that the
properly-tuned receiver shall be so arranged that it can work
up and accumulate the impulses of the radiator, and before
attaining its maximum swing can overflow into the coherer
associated with it and thus give the signal.
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The general appearance of a pair of signalling stations on
this plan is shown in Fig. 24, where the huts contain the
sending and receiving instruments. The self-induction coil
joining the two capacity-areas is better depicted in Fig.
25, which also shows one mode of joining up the coherer
to a syntonic receiver. (The galvanometer and shuni are,
of course, merely typical of any kind of telegraphic instru-
ment whatever.) Fig. 26 indicates one form of sender
with three alternative syntonising coils for speaking to three

foe
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Fia. 28 (Fig. 7 of Specification 11,675/97).—Syntoniv Radiator with earth
connection arranged for sending.

distant attuned stations. Fig. 27 shows a radiator arranged
for receiving, but illustrates another method of charging,
and one frequently employed by the author, viz., the method
by impulsive rush (compare Figs. 11, 12 and 19, on pp. 14
and 25 of this book). The terminals of the Ruhmkorff coil
are here connected, not to the capacity areas direct, but to a
pair of knobs near the centre of gravity of each area, so that
when the discharge occurs each area is suddenly charged
oppositely, and the two opposite charges are left to surge into
one another and set up the oscillations., This impulsive
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method of charging is essentially that adopted in the spherical
whip-crack emitter depicted in Fig. 19 (p. 25, ants), the two poles
of the sphere having but small capacity and being joined by as
thick a conductor as the equator of the sphere. But for such
a radiator as is indicated in Fig. 24 or Fig. 27 the author
commonly found that a third short spark gap in the middle
was an improvement, and so, as is well known, did Prof.
Righi find it, and embodied it in his well-kmown double-sphere
double-knob emitter.

The specification also contains figures of earth-connected
forms of radiators, with or without self-induction coils, of

)
I
L]

clockwork Tapper-back operating on the projecting end of the spring
clamped at P and lightly touching a needle-point n.

which Fig. 28 may be here reproduced; and likewise &
modifieation of the point coherer depicted in Fig. 17, on
page 22 (ses Fig. 29, and also fig, on page 27), where the
spiral wire spring is replaced by a piece of straight watch
spring, clamped at one end, adjusted by a screw at the
other, and lightly touched by a needle point at its middle;
a very gentle tapping-back stimulus being provided in the
form of a clockwork or other mechanically-driven motor
grazing lightly against one end of the spring protruding
beyond the clamp for the purpose.
Fig. 80 shows a coherer inserted in a secondary or trans-
former circuit, and operated inductively by the oscillations of
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F1a. 30 (Fig. 14 of Specification 11,575/97).—Another diagram of con-
nections for Syntonic Receiver, with Coherer in a secondary or trans-
former circuit; a conducting or a capacity shunt for the telegraphic
instrument being applicable as before.

Fies. 31 and 32 (Figs. 5 and 6 of Specification 18,644/97).—Modes of
connecting a Coherer to one or to a pair of Syntonic Radiators so that it
may feel their electrostatic disturbance.

Fro. 33 (Fig. 11 of Specification 18,644/97).—Actual connections for a
Sending and Receiving Station on the plan shown in Fig. 37. Left-
hand side shows spark sending, right-hand side shows Coherer receiving.
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the receiver, which are thus transformed up and raised in
potential.

(2) No. 16,405, 1897, wherein are described chiefly various
practical methods of decohering, by means of cams and other-
wise, which are appropriate when working rapidly with
automatic transmitter and siphon recorder.

(8) No. 18,644, 1897, represents different ways of connecting
up & coherer to a syntoniec resonator, so as to get the benefit
of its overflow without interfering with the working up of the
electric oscillations, e.g., Figs. 81,82 and 38. It also shows a
plan for constantly decohering by a rapidly revolving cam a
number of coherers in parallel, so that one at least is always

F1o. 34 (Fig. 1 of Specitication 18,644/97).—Single-point Coherers in
parallel, with successive decoherence.

ready to receive an impulse (Fig. 84). Further, it arranges
to utilise the earth or a cable sheath, or other uninsulated
conductor, for the purpose of conveying electric impulses to
a distance (Figs. 85, 86, 37 and 88). And next it is arranged
to agsist the coherer to feel the full effect of any electric jerk
by shunting out the battery and galvanometer, which are
necessarily in series with it, by means of a condenser of
moderate capacity (Fig. 85), which also shows a self-induction
mode of sending a stimulus along an uninsulated line. This
condenser obstructs all steady currents, such as give the signal,
but it transmits freely any momentary electric impulses, such
as stimulate a coherer. 0
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Fia. 36 (Fig. 3 of Specification 18,644/97).—A self-induction method of

sending jerks into a badly insulated line, and arrangement for detecting
such jerks by a single-point Coherer.

SEND RECEIVE

E

F1a. 36 (Fig. 4 of Specification 18,644/97).—Another arrangement for
sending jerks into a bare or badly insulated I'me, and connections for
Coherer detection.

Fia. 37 (Fig. 10 of Specification 18,6 44/97).—Another mode of sending a
jerk from a spark-gap at j into & bad)y insulated cable or other conductor,
which is connected at the other «nd to a Coherer, the circuit being
completed inductively through the air by means of the areas p, p,, The
dotted lines s represent the switch connection of Fig. 33.
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(4) No. 29,069, 1897. In this patent various methods of
connecting up the shunting condenser, whose object it is to
transmit all jerks undiluted to the coherer, are shown all
adapted to work with a syntonic resonator (Fig. 89). There
is also shown a complete switeh (Fig. 40) for effecting the

[t - %

Fia. 38 (Fig. 13 of Specification 18,644/97).—Another method of signal-
ling through a pair of imperfect conductors, such as gas and water pipes s,
without the above elevated inductive connection,

transition from ¢ sending’ to ‘‘receiving,” exposing the
coherer to the full effect of thé distant radiator, and
completely protecting and isolating it from its home radiator;
the switch being so arranged that signalling is impossible
unless the home coherer is protected. A rotating commutator

b
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Fi1a. 39 (Fig. 3 of Specification 29,069/97).—Diagram of Coherer con-
nection to Syntonic Collector, with capacity shunt for telegraphic
instrument.

is also shown, whose object is to expose the coherer to the
full influence of a receiver, especially of a non-syntonic
receiver or simple collector, without its being shunted or
otherwise interfered with by the telegraphic apparatus ;
to which, however, immediately afterwards the rotating
commutator connects it, and then effects the tapping-back.
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Connections are shown (Fig. 41) for a complete sending and
receiving station on this plan with a syntonic radiator and
resonator indicated (though not to scale). But with syntonic
resonators the revolving commutator method is not found to
be necessary; the sending and receiving switch, together
with the closed box for protecting the coherer in an instantly
accessible. manner is therefore the chief feature of this
diagram.

Fi1a. 40 (Fig. 6 of Specification 29,069/97).—Switch at & Sending and
Receiving Station, to change all the connections with a protected Coherer
from receiving to sending by depressing the knob Z.

EARLIER TELEGRAPHIC ADVANCES.

In April, 1895, a communication was made to the Russian
Physical Society by Prof. A. Popoff, of the Torpedo School,
Cronstadt, Russia, and.appears in the Journal of that Society
for January, 1896. In this communication the use of an
elevated wire and of & tapper-back worked through a relay by
the coherer current are clearly described, and signalling was
effected for a distance of 5 kilometres (8} miles).
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An extract from this communication is given in The
Electrician for December, 1897, Vol. XL., page 235, and from
it we reproduce Fig. 42, illustrating the tapping back
arrangement.

The following extracts from this paper may also be
quoted :—

“On using a sensitive relay in the circuit with the coherer
tube, and an ordinary electric bell in the other cireuit of the

t

Fro. 41 (Fig. T of Specification 29,069/97).—Diagram of connections at
a protected Coherer Station with Syntonic Radiator and Collector.

relay, for sound signals and as an antomatic tapper for the
coherer, I obtain an apparatus which exactly answers every
electric wave by a short ring, and by rhythmical strokes if
electric vibrations be excited continuously.

“ On connecting an electro-magnetic recorder in parallel
with the bell, tracing a straight line along the paper band
which is moved by a 12-hour clockwork cylinder, I obtain an
instrament registering by a cross line on the moving band
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every electric wave that reaches the coherer from across the
atmosphere. Such an apparatus was placed at the Meteoro-
logical Obgervatory at St. Petersburg in July, 1895, one of
the electrodes of the coherer being connected by an insulated
wire with an ordinary lightning econductor, the other electrode
of the tube-coherer being connected with the ground.”

HII‘ I
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Fra. 42 (Fig. 2 on p. 235 of The Electrician, Vol. XL.),—Method of
automatic tapping back by relay-current employed for telegraphy by
Prof. Popoff in 1895.

Prof. Popoff then goes on to say that his apparatus works
well as a lightning recorder, and that he hopes it can be used
for signalling to great distances. He says:—

¢ T can detect waves at the distance of one kilometre if I
employ as sender a Hertz vibrator with 80 centimetre spheres,
and if I use the ordinary Siemens relay; but with a Bjerknes
vibrator 90 centimetres diameter, and & more sensitive relay,
I reach five kilometres of good working.”

Thus it is plain that Prof. Popoff employed the elevated
wire ag receiver in 1895, but did not employ it as sender.
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In 1897 Prof. Slaby, of Berlin, published (in German) a
book called ¢ Spark Telegraphy,” in which he deseribed his
success in signalling from 8 to 18 miles across land. From
this book we take the following illustrations of the coherer
and its connections :—

Fig. 48 shows the coherer tied on to a glass tube, by which it
is supported.

Fia. 43 (Fig. 7 of Slaby’s book).

Fig. 44 shows the simplest form of its connection to a one-
cell battery A and a polarised relay B, which switches on
another battery of several cells a operating the Morse instru-
ment or electric bell or sounder b and also the tapper-back c,

the hammer of which raps gently on the oherer tube at every
signal.

k!
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Fia. 44 (Fig. 8 of Slaby’s book).—Slaby’s arrangement of Coherer and of
tapper-back and relay connections,

The actual apparatus is depicted in two views, Figs. 456 and
46, where will be recognised on the left-hand side the coherer
and tapper-back ; in the middle the batteries, both for relay
and for coherer circuits ; and on the right-hand side a relay
and the signalling or calling instrument, in this case shown
as an ordinary electrie bell.

*
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A Morse instrument is to be connected to the terminals M,
and either it or the bell can be switched into the circuit at
pleasure. The form of relay depicted is special to Slaby, but
the rest of the arrangements are practically identical with
those shown by Marconi at Dover.

Fig. 47 gives a diagram of the actual connections.

Fig. 48 is a picture of one of Slaby’s signalling stations,
showing the way the elevated wire enters the building.

1]
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Fia. 47 (Fig. 19 of “Spark Telegraphy”).—Diagram of Slaby’s connections
in the above apparatus. F is the coherer and K the tapper-back.

During September, 1899, the Marconi method of signalling
to long distances was demonstrated before the British Associa-
tion at Dover. The chief feature of the installation was the
elevated wire supported by a mast, and terminating at the top
in a small conductor, which is usually made of wire netting,
and is suspended from an insulating rod. The lower end of
this elevated wire passed into the building through an
aperture, and was connected to one terminal of the usual
Ruhmkorff coil, the other terminal of which was earthed.
The signalling key was of the simplest description, being
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nothing more than a well-insulated Morse key worked by
hand and causing a make-and-break in the primary circuit of
the coil. The ordinary trembling break of the induction coil
was at work in the usual way, so that while the signalling key
was depressed continuously there was a torrent of sparks
between the knobs of the secondary. This method of signal-
ling was identical with that employed by everyone since the
time of Hertz, except that, instead of connecting the secondary
terminals to two insulated plates, one was now connected
to earth and the other to a small insulated conductor at
considerable elevation.

Fic 48 (Fig. 11 of Prof Slaby’s book on “ Spark Telegraphy ”).

From this mast in the town of Dover (Fig. 49) signaly
could be sent to another loftier mast at the South Foreland
(Fig. 50), where it is itself elevated by chalk cliffs far above
the sea. From this South Foreland station, which was
similar in all essential respects to the Dover station, except
that its elevation was- greater, messages could be sent and
received to and from a station near Boulogne, on the coast of
France, and to and from the East Goodwins lightship. The
signalling was slow, but appeared dependable, and the
simplicity of all the arrangements was remarkable (Fig. 51).

F2
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Fio. 49 (p. 762, The Electrician, Vol. XLIIL).—Marconi Signalling Mast
at Dover Town Hall,
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Fic. 50 (Fig. 1, p. 7, The Elcctrician,Vol. XLIIL).—Mast at South Foreland
from which Signals went to a similar Mast at Wimereux, near Boulogne,
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Concerning the receiving apparatus there is little to be
said, since it is in essence the same as that which has already
been described. It consists of a coherer of the plug tube
pattern, something like that depicted on page 23, but exces-
sively reduced in size, the glass tube being the size of a quill,
the two silver plugs close together separated only by a very
few nickel filings. This tube is mounted so that it can be
struck after each signal by a light electric hammer worked by
a current from a local battery switched on by a Siemens’
polarised relay, which is itself actuated by the coherer current.
Whenever the coherer receives a signal the same current that
works the tapper works also the Morse instrument standing
on the table alongside, and records a short or a long signal on
the tape. The coherer with its tapper, the polarised relay,
and the battery (a few dry cells) are all enclosed in one oblong
iron box, through an aperture in which the lower end of the
elevated wire can be inserted and brought into direct con-
nection with the coherer.

To change from transmitting to receiving nothing is
needed but the detachment of this wire from the Ruhmkorff
coil terminal and its insertion through the aperture of the
enclosing box 8o as to touch the coherer circuit. The object
of the box is, of course, the protection of the coherer from
undesired disturbances, exactly as described on page 84,
and the collecting wire has the function there described
likewise.

The electric tapper-back is also mentioned on page 81, but
not as being operated through a relay by the coherer circuit’s
own current. This last improvement seems to have been
devised and employed by Prof. Popoff at Cronstadt in 1895
(see Fig. 42). No doubt it was arrived at independently again
by Mr. Marconi and the telegraph officials who assisted him
in his early experiments in this country.

The other box shown in Fig. 51 is probably a stand-by
in case of accident.

It is difficult to imagine a simpler contrivance, and it
appeared to work at Dover dependably, the messages coming
out slowly in ordinary dots and dashes, the torrent of sparks
being sufficiently rapid not to necessitate the breaking up of
the dash into a series of dots. The sluggishness of the Morse
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instrument or the relay, or the circuit as a whole, enabled
this excellent result to be attained with apparent ease.

A diagram of Marconi’s connection of sensitive tube to the
relay and tapper-back and Morse instrument, where W vepre-
sents the elevated wire, is given in Fig. 62.

e

Fia. 62 (Fig. 2, of p. 691, The El-ctrician, Vol. XLIL).—Diagram of
the connection of Relay and Tapper-tack and Morse Instrument, as given
in Mr. Marconi’s Paper in the Journal of the Inst. Elec. Engineers for
April, 1889 ; the relay being an ordinary Siemens polarised relay.

The mast at the South Foreland was stated to be 150ft.
high, but the cliff on which it stands must be at a still greater
elevation above the sea. It was from this station that the
real distant signalling was performed, and probably not from
the lower mast at Dover.
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THE HISTORY OF THE COHERER PRINCIPLE,

The following, written by Dr. Oliver Lodge, appeared in ‘‘ THE
Evrectrician ”’ for November 12th, 1897 :—

Probably the earliest discovery of cohesion under electrio
influence was contained in that old, forgotten observation
of Guitard in 1850, that when dusty air was electrified from
a point the dust particles tended to cohere into strings or
flakes. The same thing w0 doubt occurs in the formation of
snowflakes under the influence of atmospheric electrification ;
and the cohesion of small drops into large ones in the proxi-
mity of a charged cloud is exceedingly familiar, since it results
in the ordinary thunder-shower. Great light was thrown on
these.meteorological phenomena by the discovery of Lord
Rayleigh in 1879 of the curious behaviour of a small fountain
or vertical water-jet when exposed to the neighbourhood of a
stick of excited sealing-wax. A smooth orifice being arranged
to throw a jet of water about three or four feet mnearly
vertically, the jet breaks into drops, and the drops scatter
in all directions, rebounding from one another and giving

a shower of fine spray; but if a stick of sealing-wax :

<

be rubbed on the sleeve of a coat and brought within

one or two yards of the place where the jet breaks into
drops, it will be found that the scattering ceases, the fine spray
is no longer formed, and the broken jet rises and descends in
great blobs of water. The rain-shower has, in fact, been con-
verted into a thunder-shower. Further experiments, conducted
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chiefly with two jets, elucidated the phenomenon.* Arranging
two nearly parallel jets from neighbouring orifices so as to
impinge against each other, they were found ordinarily to re-
bound after colliding, a sort of film or superficial layer
appearing to prevent amalgamation of the jets into one ; but if
a slight difference of electric potential were maintained between
the two jets, say by connecting them to the terminals of a
Leclanché cell, then the boundary layer broke down,—the two
colliding jets no longer separated with a rebonnd, but amalga.-
mated and became one.

Lord Rajyleigh developed a similar explanation for the
single jet. The scattering of the jet in its ordinary state
was due to the rebound of colliding drops, as could be
scen by examining it with a sufficiently instantaneous or
intermittent mode of illumination ; but if an electric charge
were in the neighbourhood it must be supposed that a trace
of potential difference existed between the drops, which eaused
them to amalgamate into one whenever they collided, and thus
speedily to become united into a comparatively few large
drops, which then continued on their parabolic way.

At first sight it would seem as if the neighbourhood of a
negative charge should charge all the drops positively at the
place whence they break off from the earth-connected parent
jet, and should thus cause them all to repel each other. And
if the electrified sealing-wax is held too close, this is exactly
what happens, All the drops are then similarly electrified,
and scatter more violently than ever, never in that case
coming into any rebounding or other contact with each other.
But under a gentler electric influence the similar charging
has a less marked result, and a polarisation difference of
potential of one or two volts may without difficulty be sup-
posed to exist in the air between drops, partly because they
are not all equally charged and partly because each is a con:
ductor acted on inductively by a neighbouring electrified body
In this connection it must be remembered that rubbed sealing
wax is at a potential of several thousand volts, and therefore
can readily cause a potential gradient of two or three volts
per millimetre throughout a yard or two of space.

* Proc. Roy. Soc., 1879 and 1882,
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The next stage was the re-discovery, in 1888, of Guitard’s old
dust phenomenon by the present writer and the late J. W.Clark
(Nature, July, 1888 ; Phil. Mag., March, 1884), when they were
working together at the dust-free region seen over hot bodies
when strongly illuminated in dusty air. The fact of such
dust-free spaces was discovered by Tyndall, and they can
readily be seen by placing a lighted spirit lamp or a hot poker
in the beam of an electric lamp. Tyndall thought the dust
was calcined or burnt up, and that thus the air was freed from
it; but this is an utterly erroneous explanation, and the true
explanation is of a more recondite character, being connected
with the bombarding effect of gas molecules as illustrated in
the Crookes radiometer. The dust particles are beaten away
from the hot body by a molecular bombardment, which mani-
fests itself even at ordinary pressures on bodies of sufficiently
small size, as indeed was also otherwise shown by Tait and
Dewar and Osborne Reynolds in the course of remarkable
theoretical and practical investigations.*

Before arriving at this explanation, however, we experi-
mented to see if the phenomenon was caused by the air having
become slightly electrified, perhaps by reason of its having
streamed as an upward convection current over the surface of
the warm solid, at which we were looking, in a thick smoky
atmosphere, in the concentrated light of an electric arc. We
therefore purposely electrified the rod, to see what that would
do, and we found to our surprise, directly the electric machine
was turned, that the smoky atmosphere almost instantaneously
disappeared, and the box became quite clear.

This experiment, after development, though described in
July, 1883, was shown in public for the first time at the
Dublin Royal Society (Nature, April 24,1884), and subsequently
at the British Association meeting in Montrealf in 1884, and
was applied to the experimental clearing of rooms from dense
smoke or fume. It has often been shown since, by Mr., Swan
and others, and has become fairly well known.

* ¢ Dimensional Properties of Matter,” Phil. Trans., 1679.

+ Evening Lecture on “Dust,” by the writer, see Nature, Vol. 31,
P. 265 ; also Journal of the Royal Institution, May, 1886.

1 Apparatus for the purpose is now in the catalogue of Messrs. Ducretet,

of Paris, but they supply a pair of combs of points. It makes a more
interesting experiment if only one point is used, in & moderate space, and
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The next observation of cohesion under electrical influence
was made by the writer in 1889, while working at the protec-
" tion of telegraphic instruments and cables from lightning,—a
research which resulted in the use of choke coils as supple-
mentary to the air-gaps of the ordinary lightning guard, and
thus to the forms of instrument constructed by Dr. Alex.
Muirhead for telegraphic work in this country, and to the
supplementary additions adopted by the Westinghouse
Company for their non-arcing guards adapted to electric light
and power installations in America. The observation of
cohesion was a bye-issue, noticed when the knobs of the
lightning guard were brought too close together.*

When lightning itself strikes a guard, it has indeed
often been found that the opposite sides of the protective
air-gap are fused together. This, no doubt, may be partly
due to a straightforward melting or welding by heat, but
it is probably not solely that. Molten metals without a
flux do not so readily weld. If is almost certainly due to
a cohesive action also, the difference of potential between the
molten terminals resulting in adhesion and amalgamation, a
phenomenon also observed in the frequent locking of an
electric arc formed betwcen two metallic electrodes. However
this may be, certainly the phenomenon occurs on a small scale,
for if the pair of knobs or points placed as a shunt to protect
a galvanometer or other telegraphic instrument from light-
ning (or what is easier experimentally and essentially the same
thing, from a Leyden jar discharge) be set too close together,
the galvanometer will be found to be short-circuited after a
gpark, and the knobs will be found, both by mechanical and
electrical tests, to be feebly united at a single point.}+ Not only,
however, is the galvanometer short-circuited by the metallic
junction so formed, but at the instant of the formation of the
joint it experiences a very perceptible kick, indicating a momen-
tary current, coincident no doubt with the electric discharge, but

the electric supply regulated so as not to hurry the disappearance of the
smoke too quickly, but to exhibit the stages of aggregation which precede
the final disappearance by deposition, Any kind of smoke serves, but a bit
of magnesium ribbon burnt under a bell jar is cleanly and effective. It
should be looked at in a window or other good light, of courze.
* Journal of the Institution of Electrical Engineers for 1880, pp. 352-8,
+ “ Modern Views,” second edition, p. 359.
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one from which it would have been protected had not the junec-
tion occurred. The galvanometer kick is clearly an effect due
to the uniting metals, but it has not yet been fully elucidated ; it
seems to have been first observed by Mr. Stroh in his excellent
researches on microphonic action, related in the Journal of
the Society of Telegraph Engineers, 1883 and 1887, and it
may possibly be thermo-electric, as Prof. Hughes, who also
observed it, thinks likely; but it may be electro-chemical, or it
may be connected with an effect observed later by FitzGerald
in his galvanometer mode of detecting Hertzian waves, which
he published at the Royal Institution in 1890. The point
of present interest is the cohesion which sets in between
the knobs when the spark occurs: an extremely feeble spark
was found sufficient to produce the effect, provided the
surfaces were already almost infinitely close together, i.c.,
provided they were already in what would be called contact,
with the merest imperceptible film of (probably) oxide sepa-
rating them, just the kind of film which a chemical flux is
useful in removing. The electrical stimulus appears to act as
such a flux, and the adhesion of the two surfaces was demon-
strated by an electric bell and single cell in circuit. Every
time the spark occurred the bell rang, and continued ringing,
until the table, or some part of the support of the knobs, was
tapped so as to shake or jar them asunder again.* The
arrangement constitutes a convenient detector in the syntonie
Leyden jar experiment, depicted in Fig. 4, p. 6 (see also p. 21).

If the electric bell stands on the same table as the support
of the sparking knobs, or, still better, if it be put into
mechanical contact with them, its tremor is quite sufficient to
break the contact asunder again ; unless the spark, and there-
fore the adhesion, has been too strong. Raising the bell into
the air, it ceases to interrupt the spark-induced continuity,
and in that case continues to ring; but directly it is replaced
go that its vibration can reach the cohered surfaces through
their solid supports it usually happens that a few strokes—
often, indeed, the first stroke—of the bell, sometimes even the
incipient movement of the hammer preparatory to a stroke, is

* Journal of the Institution of Electrical Engineers, 1890, p. 352. See
also remarks by Mr. Stroh in two microphone discussions, Journal of the
Institution of Electrical Engineers, 1883 and 1887,
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sufficient to break the circuit and suspend instantly the action,
restoring the gap to its original condition and leaving the circuit
ready to be completed again by another spark.

The spark in these early experiments was usually supplied
from the outer coats of a pair of oppositely-charged small Leyden
jars, whose knobs sparked into each other; the idea being to
ascertain all the conditions pertaining to the feeble residue of
a lighting discharge which is liable to be conducted by tele-
graph wires to a distance, and there cause some damage to
sensitive instruments not suitably protected from sudden
electric jerks, whose laws of flow are quite different from
those proper to steady currents.

Meanwhile, in 1887 and 1888, had been performed the
great experiments of Hertz on electric waves in free space.
The writer, assisted by Prof. Chattock, had also made some
experiments concerning the production and detection of waves
on a system of long parallel wires stretched on insulators
across and around a large room, and excited by the discharge
of a pair of condensers, an arrangement very similar to that
now known under the name of Lecher ; and clear experimental
evidence of the existence of nodes and loops on such wires, as
well as a method of approximately measuring the wave length,
was given.* The brush luminosity of the wires, afterwards
observed more strikingly by Tesla, was also seen and shown to
the Physical Society. The interest of these experiments was,
however, altogether eclipsed by the brilliant and masterly
investigation at Carlsruhe by Hertz, who, as everyoné except
the British public is aware, put into practice FitzGerald’s
1888 suggestion that Leyden jar discharges should emit Max-
wellian radiation, and conclusively demonstrated the existence
and some of the properties of such waves by this very means;
using, however, Leydens of small capacity, and with the coat-
ings well separated, so that the electrostatic energy of the
charge should have an intensity comparable with the magnetic
energy of the discharge, even at some distance from the
circuit.

The whole subject of electric waves was thus laid open to
physicists, and many have been the workers in the field.

* Verbally to Section A at Bath, 1888, Se¢ also Phil. Mag., August,
1888, p. 229 ; and The Electrician, Vol. 21, pp. 607-8.
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Trouton, of Dublin, worked long and successfully at their
optical analogies, with the very inadequate means of detection
then known ;* and since better means have been known perhaps
the most complete set of sxperiments published, after Hertz
himself, is that contained in the book ¢ Optice Elettrica,” by
Prof. Righi, of Bologna ; but some account of several previous
researches is contained in the second edition of ¢ Modern
Views of Electricity,” in the chapter called ¢ Recent Pro-
gress,” of date 1892. The means used by Hertz and his
immediate followers to detect the waves was simply the little
spark which they excited in conductors upon which they fell ;
electric currents being set up in such conduectors by the act of
reflection. The effect was often at that time attributed to
electric resonance or syntony, but there was very little true
resonance in these experiments; the first swing was usually
much more powerful than any of the succeeding ones, and was
competent to cause the little spark ; if it failed the remainder
of the swings had but a poor chance of success. Consequently
precision of tuning was not really important, though no doubt
it would help a little.

It is interesting tonote that a magnetic needle detector not
unlike Rutherford’s had been used long ago by Joseph Henry
at Washington, and that minute induced sparks, identical in
all respects with those discovered by Hertz, had been seen in
recent times both by Edison and by Silvanus Thompson,
being styled ¢ etheric force ** by the former ; but their theoretie
significance had not been perceived, and they were somewhat
sceptically regarded. Yet Henry, even in those pre-Maxwellian
days, was led to an intuition concerning the spread of elec-
trical disturbance surprisingly near the truth. The truth
indeed it was in some sort, but it was not worked out or grasped
in detail, and so cannot be considered as more than a brilliant
guess; but the fact that an observation of the widespread
gurgings induced in the neighbourhood of a primary discharge
aad been made by Henry, and had been seen by others to be
capable of giving actual sparks, before the time of Hertz,
although it has no real bearing on Hertz's fresh discovery, and
did not lead those who, like the writer, had long been trying to
think of a detector for Maxwellian waves to discover one, never-

* Nature, Vols. 39 and 40,
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theless is instructive as showing how frequently it happens
that a fact is lying ready to hand but is not taken up and
appreciated until some special or extra stimulus has been
supplied.

After Hertz’s results had become well-known, the writer
devised a plan whereby real electric resonance could be
demonstrated with a pair of actual glass Leyden jars of
ordinary pattern, by connecting each to a discharge circuit,
the one complete, the other with an air-gap, and providing
the first or receiving jar with an overflow path or bye-
circuit provided with an air-gap across which a visible spark
could occur whenever the induced oscillations or surgings
accumulated in its main circuit were sufficiently intense to
make the jar overflow.* The air-gap was most easily provided
by a strip of tinfoil pasted over the lip of the jar, but it
served equally well if wires led from the two coatings to a
pair of adjustable knobs near together, like a lightning guard,
between which the overflow spark could pass. The same knobs
indeed were used as had already served for the lightning
experiments ; and, as in that case, if the knobs are arranged
very close together and are put in circuit with a battery and a
bell, cohesion sets in and the bell rings whenever the overflow
occurs. The bell continues to ring until the stand is tapped,

"but if the bell itself touches the stand or the table, it rapidly
breaks contact by its vibration, exactly as described, p. 77
(see also Fig. 16a, p. 21). Closed Leyden jar circuits are not
strong radiators, nor was this resonance then observed excited
by true waves. No attempt was at this time made to apply
the cohesion principle to the detection of true Hertz waves
such as could be felt at a considerable distance from a strongly
radiating source.

Before this time, FitzGerald and Trouton had hit upon their
galvanometer method of demonstrating to an audience the
occurrence of the minute scarcely-visible spark in the gap of
a Hertz receiver.{

Prof. Minchin also, working at Cooper’s-hill with his sensi-
tive photo-electric cells, especially with some which he called

* Nature, Vol. 41, p. 363 ; or, “Modern Views of Electricity,” second
edition, p. 338. See also Fig. 4, p. 6.
+ Nature, Vol, 41, p. 295 ; and Vol, 42, p. 172,
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“impulsion cells,” that behaved abnormally when subjected to
taps or other mechanical vibrations, found that when Mr. Gre-
gory was working a Hertz radiator in another part of the same
laboratory the electrometer connected to his cells responded.*
Many other detectors have been devised and used, but this of
Minchin’s almost certainly depends on the colicsion principle,
though its action seemed paradoxical then. Moreover he was
able, by its aid, to signal without wires over a considerable
number of yards, at that early date (1890 and 1891).

About the same time, Prof. Boltzmann used a charged gold-
leaf electroscope for the same purpose, having it so arranged
that the electroscope was on the point of discharging across
a minute air-gap, so that its leaves were dilated by a definite
amount. The slightest excess of charge would make it dis-
charge and the leaves instantly collapse. In this charged con-
dition it was sensitive to very minute electrio surgings, and if
Hertz waves were excited in another part of the room, the wave
disturbances caused the gap to break down and the electroscope
leaves to collapse.t This method is not a cohesion methcd,
but it led the writer, when subsequently repeating Boltzmann’s
results with modifications, to realise that, if the gap were almost
closed, cohesion could be made to set in by the surgings
induced by regular Hertz waves (Fig. 16, p. 18).

The Boltzmann gap method was accordingly modified in
several ways ; one way was to make it of carbon and to connect
it, with its wave collector, to the terminals of 110-volt electric
light leads, so that whenever a Hertz vibrator was discharged
and induced a minute spark across the gap, that same spark
might close the circuit and establish an are. This plan forced
itself on my attention by the behaviour of sundry Swan lamps
suspended with shades so as to illuminate my lecture table,
which became short-circuited whenever a large Hertz vibrator
was at work ; for the lamps were at that time kept from rota-
tion, and thereby from glaring into the eyes of the audience
instead of being screened from them, by a couple of copper
wires stretched across the theatre. So long as those wires were
there, the fuses used to blow whenever a Hertz oscillator was
started ; an experiment which was interesting enough, and was

* Phil. Mag., March, 1891 ; also January, 1894
t Wied. Ann., Vol. 40,
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shown to several people, including, I think, Prof. FitzGerald,
but which was sufficiently a nuisance to necessitate the wires,
which were acting as collecting wires, being taken down and
replaced by stretched silk threads, which are there to this day.
Another modification was to connect the gap to an Abel’s
fuse or to a gas leak, which exploded or ignited under the
influence of a feeble spark. Yet another was to connect it to
a single cell and electric bell or galvanometer, as already
explained.

Meanwhile, however, and well before these later experiments
on the detection of Hertz waves were in progress, certain dis-
coveries had been made by M. Branly, Professor of Physies
in the Catholic Institute of Paris, which were of the greatest
interest and importance. Prof. Branly had found that a coat
or varnish of fine copper dust, porphyrised copper or other
such substance, though it could only conduct a current very

' feebly, and much as a blacklead pencil trace conduects, under
ordinary conditions, yet fell in resistance enormously when-
ever an electric spark occurred in its neighbourhood; some-
what in the fashion that the resistance of selenium falls on
exposure to light. It is not clear that M. Branly recognised
that he was dealing with Hertz waves or true electrical radia-
tion, but his observations were most satisfactory and con-
clusive, and he measured the reduction of resistance caused in
a number of different substances, including an assemblage of
metallic filings, and conglomerates or paste of filings in various
viscous liquids and in dry powders. Moreover, he found that
the spark was still operative in reducing resistance even when
it was several yards distant. ,

The account of Prof. Branly’s experiments is to be found in
a couple of short communications to the French Academy of
Science (Comptes Rendus, Vols. 111 and 112), and the writer
bad intended to reproduce in abstract the gist of these
memoirs ; but to readers of T%e Electrician this is unnecessary,
as a descriptive article from La Lumiére Electrique has already
been translated in full, in July and August, 1891 (see 7he
Electrician, Vol. XXVIL., pp. 221 and 448, now reproduced as
Appendix). Unfortunately the writer, in common perhaps
with others, must confess to having overlooked these articles
at the time, probably by reagon of their coincidence with the
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holiday season. In his second edition of  Modern Views of
Electricity,” published in 1892, though he refers on page 859
to the cohesion principle in this eonnection, the writer is
clearly ignorant of Branly’s experiments.

The matter seems to have been ignored in this country till
1892, when Dr. Dawson Turner described the experiments
to the British Association in Edinburgh, and even till
1893, when Mr. Croft brought them to the notice of the
London Physical Society. Prof. Minchin at once realised that
here was a phenomenon analogous to what he had been
observing with his impulsion cells, and after a few trials wrote
a Paper to the Physical Society recounting his repetitions and
modifications of Branly’s experiments.* This Paper, before it
was read, was circulated by the Society to its country members,
and so came to the eye of the writer, who at once wrote.a short
note summarising some of his work in the same direction, and
pointing out that this"discovery of Branly’s, thus made known
to him, was another case of the electrical cohesion phenomenon
already observed by several experimenters. This is published
along with Prof. Minchin’s Paper in the Phil. Mag. for January,
1894, and to it the friendly reader is referred. The writer at
once proceeded to try the Branly tube of filings, and found it
far superior in manageability to either the Boltzmann gap or
his own delicately adjusted cohering knobs ; though immediately
afterwards he and FitzGerald together arranged a single point
coherer, of iron and aluminium (point of sewing needle resting
on aluminium foil), of what was at that time extraordinary
sensitiveness and of reasonable manageability. A whole
series of quasi-optical experiments were then undertaken with
the new detector, and were shown to students and to the
Liverpool Physical Society; moreover, before long, various
improved methods of arranging the filings were gradually
adopted, especially by sealing them up in vacuum or in
an atmosphere of hydrogen (ses page 84) so as to protect
them from continued oxidation by the air, and to prevent
the film which hypothetically separates the surfaces from
growing too thick. Indeed, brass filings in hydrogen
speedily got too clean, and became so sensitive that it was
almost impossible to restore the original high resistance by

* Phil. Mag., January, 1894,
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tapping. Consequently, a 'perfect or Sprengel vacuum was
preferred to hydrogen. Almost any filings tube could detect
signals from a distance of 60 yards, with a mere six-inch
sphere as emitter and without the slightest trouble, but the
single-point coherer was usually much more sensitive than
any filings tube. Mr. Shelford Bidwell has also worked with
varieties of powder.

The tapping back was at first performhed by hand, and for
optical experiments this is still, perhaps, the most convenient
plan; but automatic tappers were very soon arranged, just
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