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THE WORK OF HERTZ
AND

SOME OF HIS SUCCESSOES.

The following pages (up

to page

't2)

are the Notes of a

Lecture delivered by Dr. 0. J. Lodge before the Eoyal Institution of Great Britain on Friday evening, June 1, 1894.
These notes have been revised by Dr. Lod^e, and prepared
for publication in the form here presented.
After page 42 au
account is given of the later applications of Hertzian wave
experiments to wireless telegraphy, and a series of Appendices
are also given.

Introductory.

The untimely end
to

in

young and brilliant career cannot fail
strike a note of sadness and awaken a chord of sympathy
Of men thus
the hearts of his friends and fellow-workers.

cut

down

in,

now

of a

the early prime of their powers there will occur

to us here the
of Hertz.

names of Fresnel, of Carnot, of Clifford, and
His was a strenuous and favoured youth he

was surrounded from
to

— 1894.

;

his birth with all the influences that go

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
Yet did he not go tiU he had effected an achievement
life.
which will hand his name down to posterity as the founder of
an epoch in experimental physics.
B

SIGNALLING WITHOUT WIRES.

2

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
;

and plentifully than by Clerk Maxwell. Of the seed
Through his experithus sown Hertz reaped the fruits.
mental discovery, Germany awoke to the truth of Clerk
Maxwell'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
fruitfully

the gleaning after Hertz.

This

is

the work of Hertz which

is

which brought him immediate fame.
public notice

is

so well justified.

generous and trustful, and

it is

apt to

best
It is

known, the work
not always that

The popular instinct is
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 disco'very 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
spirit and character felt and expressed by students and

workers

who came

exaggerated.

him is not easily to be
man more painfully anxious to

into contact with

Never was a

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
avoid wounding the susceptibilities of others

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 BerUn, successor to Von Helmholtz in that
capacitv.

WORK OF HERTZ LECTURE.
When

I consented to discourse on the

some

work

3
of Hertz,

my

and
especially to demonstrate his less-known discoveries and
observations.
But the fascination exerted upon me by
electric oscillation experiments, when I, too, was independently 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, a five minutes'
explanatory prelude may be permitted and the simplest way
wil] be for me hastily to summarise our knowledge of the
intention

was

to repeat

of his actual experiments,

;

subject before the era of Hertz.

Fia. 1.

— Oscillations of Dumb-beU 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.

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
This is the case with your ears and the tones
any pitch.
Tones must be exceediDgly shrill before they
of my voice.
If the

cease to excite the ear at

all.

*

Phil Mag., XXVI., pp. 229, 230, August, 1888 or " Lightning Conductors and Lightning Guards," pp. 104, 105 also Proo. Roy. Soc,, Vol.
;

;

50, p. 27.
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on the other hand, the receiving body has a persistent
period of vibration, continuing in motion long after it is left
If,

to itself (Fig. 2) like another tuning-fork or bell, for instance,
then far more facility of response exists, but great accuracy of

be fully called out for if the
receiver is not thus accurately syntonised with the source,
it fails more or less completely to resound.

tuning

is

necessary

Conversely,

tuning

Fig, 2.

is

if

if it is

to

the source

is

;

a persistent vibrator, correct

essential, or it will destroy at

— Oscillation of

one

moment

(Fig. 3)

Ring-shaped Hertz liesonaior excited by Syntonic
Vibrator (after Bjerknes).

motion which
if it

is

it

originated the previous

moment.

a dead-beat or strongly-damped exciter,

thing will respond equally well or equally

ill

to

Whereas,
almost any-

it.

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

when spoken

to,

emits waves into

Ring Resonator not quite syntonic with Radiator.
(For method of obtaining these curves see Fig. 14.)

Fig. 3.-— Odcillation of

the ether, and this radiant energy

is

likewise able to set

But we have no delicate
vibration in suitable bodies.
of directly detecting these electrical or etherial waves
;

up
means
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.

WOBK OF HERTZ
This

is

LECTURE.

the function of the telegraph wire

what a spealdng-tube

is

is like

by nearly rigid but slightly

to the ether

it is

A metal wire in

to air.

not in details of analogy)

;

5

air {in function,

a long hollow cavity surrounded

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

surgings or

these

electric

and

fro several times first

oscillations

must,

;

according

and
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 oause electromagnetic effects, and the rapid
alternation from one of these modes of energy to the other

handy they will run
along it, and may be felt a long way ofif. 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
constitutes etherial wavee.*

If a wire is

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
back upon themselves they would produce the
if turned

phenomena of stationary waves, or interference, or nodes and
it was known how to calculate the length of such
loops
waves, and even how to produce them of any required or
;

predetermined wave length from 1,000 miles to a foot. Other
things were known about them which would take too long

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.
to

;

* Strictly speaking, in the waves themselves there

between the

is

no lag or

diflference

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
of phase

phase

is oblitei

ated.

electric

;
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was

known with varying degrees of
confidence but by some known with as great confidence as,
perhaps even more conBdence than, is legitimate before the
All this

Jcnowrif

I say,

;

actuality of experimental verification.

Hertz supplied the verification. He inserted suitable conductors in the path of such waves, conductors adapted for the
occurrence in them of induced electric oscillatidTls, and to the
surprise of everyone, himself doubtless included, he found that
the secondary electric surgiugs thus excited were strong enough
tc disprd,y iiiemselves by minute electric sparks.

Slider for Tuning.

Fig. 4.

—Experiment with Syntonic Leyden Jars

{cf.

page

21).

s

Syntonic Leyden Jars.

show this in a form which requires great precision oi
tuning or syntony, both emitter and receiver being persistently
vibrating things giving some 30 or 40 swings before damping
has a serious effect. I take two Leyden jars with circuits about
a yard in diameter, and situated about two yards apart (Fig. 4).
I charge and discharge one jar, and observe that the surgings
set up in the other can cause it to overflow if it is syntonised
I shall

with the

first.*

* See Nature, Vol.

XLL,

p. 368, wliere I firat described this

or quotation in J. J. Thomson's " Recent Researches," p. 395.

experiment

tVOEI^

A

OF HERTZ LECTUEM.

closed circuit such as this

absorber, so

a feeble radiator and a feeble

not adapted for action at a distance. In fact,

it is

doubt whether

is

7

range beyond the JA at
which true radiation of broken-off energy occurs. If the coatI

it

will visibly act at a

ings of the jar are separated to a greater distance, so that the

more exposed,

dielectric is

it

radiates better

;

because in true

and the magnetic energies must

radiation the electrostatic

be equal, whereas in a ring circuit the magnetic energy pre-

By separating the

dominates.

we

a typical Hertz

get

coats of the jar as far as possible

vibrator (Fig. 5), whose dielectric

extends out into the room, and thus radiates very powerfully.

Fig.

5.

— Standard Hertz Radiator.

Ordinary Size Hertz Vibrator.

In consequence of
rapidly damped,

swings (Fig.
excitation

;

1).

The two

radiation of energy,

its

vibrations are

and it only gives some three or four good strong
Hence it follows that it has a wide range of

i.e., it

in tune with

its

can excite sparks in conductors barely at

all

it.

conditions, conspicuous energy of radiation and

persistent vibration electrically produced, are at present incompatible.

Whenever

power or

activity will, of course, be necessary in the source of

these two conditions coexist, considerable

At present they only coexist in the sun and other
in the electric arc, and in furnaces.

energy.
stars,

Two
The

Circular Vibrators Sparking in sympathy.

receiver Hertz used

was

chiefly a circular

resonator

not a good absorber but a persistent vibrator, well
adapted for picking up disturbances of precise and measurable
(Fig. 6),

wave-length.
in tune with

Its
it is

mode

of vibration

depicted in Fig. 2.

resonators can act as senders too

long sparks in a second one.

;

when

excited by emitter

I find that the circular

here

is

one exciting quite

SIGNALLING WITSOUT WIRES.
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Electric Syntony.

He

—That was

his discovery, but

he did not

once proceeded to apply his discovery to
the veriBcation 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
stop there.

at

waves was thoroughly borne out by fact. These interference
experiments in free space are his greatest achievement.

R
L
Fig. 6,

— Circular Resonator.

He worked

out

(The knobs ought to nearly touch each other.)

every

detail

of

the

theory splendidly,

separately analysing the electric and the magnetic oscillation,

we should use now, but
insight through the medium of

using language not always such as
himself growing in theoretic

Fig. 6a.

—Any circular Resonator can be used as a sender by briooing

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 tl;em into plates.
;

what would have been to most physicists a confusing maze of
troublesome facts, and disentangling all their main relations
most harmoniously.

WOBK OF HERTZ LECTURE.
A

Eoltz Machine,

and

B

Sparks

9

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 pecuharly
effective, any source of light that gave very ultra-violet rays
produced the same result.

Fig. 7.

another.

— Experiment
The B

arranged to show effect on one spark of light from
spark occurs more easily when it can see the A spark

through the window, unless the window is glazed with
pane transmits the effect glass cuts it off.

glass.

A

quartz

:

The above
ment.

figure represents

It will

my way

of

be observed that with this

showing the experiarrangement the B

knobs are at the same potential up to the instant of the flash,
and in that case the ultra-violet portion of the light of the A

B

But it is interesting to note what Elster and Geitel have found (see Appendix IV.,
spark assists the occurrence of the

B

spark.

knobs were subjected to steady strain
instead of to impulsive rush
e.g., if they were connected to
Fig. 59), that

if

the

SIGNALLING WITBOUT WIRES.
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the inner coats of the jars mstead of the outer coatings

—that

on either spark-gap would
exert a deterrent influence, so that the spark would probably
then the

effect of ultra-violet light

With the altered
occur at the other, or non-illuminated gap.
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,

repeated and extended this discovery, proving that

have

it is

the

cathode knob on which illumination takes effect and Hallwachs and Righi made the important observation, which Elster
;

and

Geitel, Stoletow, Branly,

Fro. 8.

and others have extended, that

—Zinc Rod in Arc Light, protected by Glass Screen.

lenses

no need for any lenses in this experiment
begins directly the glass plate is withdrawn*

are of quartz, but there

leakage of electricity

The

ia

;

a freshly-polished zinc or other oxidisable surface, if charged
negatively, is gradually discharged by ultra-violet light.
reproducing this experimental result if
but if they are it is
the right conditions are not satisfied
absurdly easy, and the thing might have been observed nearly
It is easy to fail in

;

a century ago.

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

Take a

with emery paper, connect it to
a gold leaf electroscope, and expose it to an arc lamp. (Fig. 8).
piece of zinc, clean

it

VrOBK OF HEUTZ LECTURE.

happen, the action is
but a negative charge leaks away in a few seconds

If charged positively

very slow
if

;

the light

is

rays will do

A

of all.

;

nothing appears

Any

bright.

source of light rich in ultra-violet

the light from a spark

pane of glass cuts

to

off all

is

perhaps most powerful

the action

is

A pane of quartz

not powerful.

;

so does atmos-

town

pheric air in sufficient thickness (at any rate,

sunlight

11

air),

hence

transmits the action

almost undiminished, but fluorspar may be more transparent
Condensing the arc rays with a quartz lens and analystill.
sing them with a quartz prism or reflection grating, we find
that the most effective part of the light is high up in the ultraviolet, surprisingly far

beyond the limits of the visible spectrum*

(Fig. 9, next page).

This

show
*

is

it

some pains to
betrayed by Lord

rather a digression, but I have taken

properly because of the interest

While preparing

during the lecture

for the lecture it occurred to

me

to try,

if

possible

some new experiments on the eflfect of light on
of rock and ice, because if the effect is not limited

itself,

negatively charged bits

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 Headus, Vol. CX., p. 898, 1890). Now the mountain
to metals it

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

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
of electricity could

fragments as were handy, and find that many of them discharge negative
electricity under the action of a naked arc, especially from the side of the
specimens which was somewhat dusty, but that when wet they discharge

much

and when positively charged hardly at all. Ice and
garden soil discharge negative electrification, too, under ultra-violet illumination, but not so quickly as limestone, mica schist, ferruginous quartz,
Granite barely acts it seems to insulate
clay, and some other specimens.
The ice and soil were tried
too weU.
their usual moist condition, but,
less rapidly,

;

m

when thoroughly

dry,

soil

dischargen 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 thnn 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

as negative, under the action of an a^rc-light,
off

those of Ilighi, see

and that

glass cuts the effect

[For Elster and Geitel's experiments, and
Appendices, p. 115 et seq,'\

while quartz transmits

it.

SIGNALLlNa WITHOUT WIRES.
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Kelvin on this matter, and the caution which he felt about
accepting the results of the Continental experimenters too
hastily.

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

with illumination.

^^

Fig.

9.

— Zinc

Rod

discharging

Negative Electricity in the very
Ultra-violet Light of a Spectrum
formed by a Quartz Train. The
best discharging light

beyond the limits

is

of

found

far

the visible

spectrum.

Eeturn now

Hertz vibrator, or Leyden jar with its
coatings well separated, so that we can get into its electric as
well as its magnetic field.
Here is a great one giving waves
30 metres long, radiating while it lasts with an activity of
100 H.P., and making ten milhon complete electric vibrations
per second.

to the

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.
pure copper rod, interrupted by a pair of sparking
knobs (Fig. 10).
SeeB.A. Report, 1884, pp. 602-519

;

or Phil. Mag.,Yol XIX., pp. 267-352-

JVOEK OF HERTZ LECTURE.
Large Hertz Vibrator in action

;

1

AbeVs Fuse Detector

;

o

Vacuum.

Tube Detector ; Striking of an Arc.

power damps it down very rapidly, so
but neverthat it does not make above two or three swings
theless, each time it is excited, sparks can be drawn from
Its great radiating

;

most of the reasonably 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

vacuum tubes connected to nothing
has been famihar to all who have worked

gas pipes will blow

off;

glow (this fact
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
They had at first been held in
theatre lamps were altered.
position by wire guides, which served as collectors of the
Hertz waves or impulses.
will

57^
Fig. 10

The

— Hertz Oscillator on reduced

scale,

tV^^ inch to a

foot.

an arc by the little reverberating sparks
between two lamp-carbons connected with the 100-volt mains
striking of

I incidentally

now

demonstate.

the large Hertz vibrator

is

An

arc

is

started directly

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

the orthodox
such as have been used by different people
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

spheres can be

them

and

made

diffraction

experiments.

But, indeed,

to vibrate longer than usual

by putting

which an aperture of
the waves out (Figs 20 and 21).

into copper hats or enclosures, in

varying size can be

made to

let

.3/2

Inches

Fig. 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

Hertz type of receiver,

many

;

but besides the

other detectors of radiation have

—

Fig. 12.
Dr. LodgVs 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. 13), f the
resonator spark precipitating a discharge from some auxiliary
* J. J.

Thomson, "Recent Researches," 344.

f Wied. Ann.,

XLVIL,

p. 77.

—
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and so making a

feeble disturb-

battery or source of energy,

ance very

visible.

may

Explosives

be used for the same

purpose, either in the form of mixed water-gases or in the

lorm

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 galvanometer.* This was the method he used in this theatre four
years ago.
Blyth used a one sided electrometer, and V.
Bjerknes has greatly developed this method (Fig. 14), abolishing the need for a spark, and making the electrometer metrical, integrating and satisfactory.!
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.
of

.^y

Half Natural Size. The two righthand 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 makes the gas more conducting

13.— Zehnder's Trigger Tube.

Fig.

;

as 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
tion,

to older

methods

we have, most important

man

of detecting electrical radia-

of

all,

a discovery

made long

by a creature that developed a sensitive
a creature which never so much as had a
cavity on its skin
name to be remembered by (though perhaps we now call it
Then, in recent times we recall the photographic
trilobite).
before

existed,
;

* FitzGerald, Nature, Vol. XLI., p. 295,

t Wied, Ann.,

4^, p. 74.

and Vol. XLII.,

p. 172.
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plate

and the thermopile, with

its

JVIEES.

modification, the radio-

micrometer also the so-called bolometer, or otherwise-known
Siemens' pyrometer, applied to astronomy by Langley, and
apphed 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
Hill,

made

waves in

all these,

the late Mr. Gregory, of

Cooper's

whereby
space could be detected by the minute rise of

his singularly sensitive expansion meter,

free

temperature they caused in a platinum wire, a kind of early
and sensitive form of Garde w voltmeter.

?^

Fig. 14.

— Bjerknes' Apparatus, showing

an induction
with the vibrator
to

air-gap of 2.

The

a Hertz vibrator connected

a nearly closed circuit receiver properly tuned
and (3) a one-sided electrometer for inserting in the
receiver is not provided with knobs, as shown, but its

coil
;

(1)

;

(2)

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
By calculation from the indications of thia
is attracted by both quadrants.
electrometer Bjerknes plotted the curves 1, 2 and 3 on pages 4 and 5.
Fig. 1 represents the oscillations of theprimary vibrator, rapidly damped by
Fig. 2 represents the vibrations thereby set up in the
radiation of energy.
resonating circuit when the two are accurately in tune ; and which persist
Fig. 3 shows the vibrations excited in the same circuit
for many swings.
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
current electricity.

But he

we owe the

failed to get

any

discovery of

result.

Ritter
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has succeeded

and proper

my

but, in

;

result.
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experience, failure

Working with

my

is

the normal

colleague, Prof. Gotch,

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
at Liverpool, I too have tried the nerve

direct contact with the nerve.

All that such oscillations do,

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

if

continued,

is

to

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

B

;

its

nerves are so embedded in con-

D

— Experiment of

Gotch and Lodge on tne physiological effect of
Nerve-muscle preparation, with four
rapid pure electric alternations.
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
The C D
coil stimulus only just s-ufficient to make the muscle twitch.
stimulate
the
nerve,
though
at very high alternative
terminals do not
potentials, but they gradually and temporarily paralyse it, so that the teat
terminals A B produce no effect for a time.
Fig. 16.

ducting tissues that it may easily be doubted whether the
By
alternating type of stimulus ever reaches them at all.
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 jj^jth of a volt stimulus is applied to another
part of the same nerve further from the muscle, it can be

shown that rapid electric
panied by static charge

alternations, if entirely

unaccom-

by resultant algebraic electric
transmission, evoke no excitatory response until they are so
violent as to give rise to secondary effects such as heat or
mechanical shock. Yet, notwithstanding this inaction, they
or

SIGNALLING WITHOUT

18

ITIRES,

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 y^Tythvolts 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 horn: after the cessation of the violence.
[I did

not show this experiment at the lecture.]

Air Gap
the

ayid Electroscope charged by Glass

Rod and

discharged hy

Wave Impulse from a moderately distant Sphere excited hy Coil.

Among

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

;

—

t?^

Air gap for Electroscope. Natural size. The bottom plate ia
Fig. 16.
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 in>-trument 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.
;

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
is

cap, or, rather, just not touching a plate connected with the
cap (Fig. 16), the distance between knob and plate being
* W^id. Ann., 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

remove the glass, and
they rediverge with negative electricity the knob above the
cap being then charged positively, and to the verge of
spai king.
In this condition any electrical waves, collected if
weak by a foot or so of wire projecting from the cap, will discharge the electroscope by exciting surgings in the wire, and
so breaking down the air gap.
The chief interest about this

collapse, because the air space snaps

:

;

experiment seems to

me

the extremely definite

strength of so infinitesimal an air space.

dielectric

Moreover,

it

is

a

Hertz waves that 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 welldetector

for

;

;

comparatively 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,

polished knob.

If

it is

not well polished the discharge

is

;

especially the radiation of high frequency,

the higher har-

monics of the disturbance.
For delicate experiments it is sometimes well to repolish
For metrical experiments it is
the knobs every hour or so.
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" longperiod Hertz waves any knobs will do, but to generate the
" ultra-violet " short-period waves high polish is essential.
MicropliDnic Detectors.

Eeceivers or detectors, which for the present I temporarily
call microphonic, are liable to respond best to the more rapid
vibrations.

Their sensitiveness

is

to

me

surprising,

though of

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
course

it

to brin^ to

;

your notice.

c3
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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
Prof. Minchin,

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 ordmary persons to make and work with at least I

—

have never presumed

to try

—but in Mr. Minchin's hands they

are surprisingly sensitive to electric waves.*

The

sensitiveness of selenium to light

is

known

to everyone,

and Mr. Shelford Bidwell has made experiments on the variations of cond activity exhibited by a mixture of sulphur and
carbon.

Nearly four years ago M. Edouard Branly found that a burnished coat of porphyrised copper spread on glass or ebonite,
diminished its resistance enormously, from some millions

ohms, when it was exposed to the
neighbourhood, even the distant neighbourhood, of Leyden
He likewise found that a tube of metallic
jar or coil sparks.
filings behaved similarly, and that both recovered their
original resistance on shaking or tapping. Mr. Croft exhibited
M. Branly also
this fact recently at the Physical Society.
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 outcome 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

some hundreds

to

of

between them, actually cohere

;

conducting an ordinary

bell-

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

ringing current

*

Phil Mag.,

if

Vol.

XXXI.,

;

p. 225.

f E, Branly, Comptea JRenduSj Vol. CXI.,

p.

785

j

aijd Vol. CXTI.j p. 9Q,
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faintly

perceptible

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

of

force to

detach

them.

pair of kaobs are arranged to connect the coatings of the_

receiving jar (a large condenser being interposed to preveni;'
their completing a purely metallic circuit),

Fig. 16a.

is

in circuit with

—Receiver iu Syntonic Jar Experiment, with KnobCoherer
and Tapper-back

them

and

a battery and a

(c/.

Fig. 4).

Every time the receiving

bell.

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

gently tapped asunder

continues ringing until the knobs are
;

but

table as the knobs, especially

stand, then its

matically,

and

first

so

if

the bell stands on the same

if it

stroke taps

rests

one foot on the actual

them back

every discharge

of

instantly

and auto-

the sending jar

* Journal Institution of Electrical Engineers, 1890, Vol. XIX.,
352-4 or " Lightning Conductors and Lightning Guards," pp. 382-4.
;

is

pp.
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by a single stroke

signalled

TFIRHS.

of the bell.

Here we bave 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

error in tuning,

little

made by altering the position of the slider
will make them quite unresponsive, unless the
between them is reduced.
easily

At the
is

maximum

excessively

sharp.

But, certainly, for these closed and

has been said before.

Fig. 17.

distance

distance of response the tuning required

durably-vibrating circuits, the distance of response
as

(Fig. 4),

Fig.

is

small,

16a shows the syntonic

— Early Form of Coherer, consisting of a spiral of thin iron wire

mounted on an adjustable spindle and an aluminium plate. When the
lever ie 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

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

Coherer in open, responding

to

Feeble Stimuli

Gas-lighter, Distant Spliere,

:

— Small

Sphere,

Electrophorus.

Well, this arrangement, which I call a coherer,

astonishingly sensitive detector of Hertz -waves.

is

the most
It

from an actual air-gap in that the insulating film

differs
is

not

;
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down not

the film breaks

only

23

much more

but also in a less discontinuous and more permanent
manner, than an air-gap. Branly's tube of filings, a series of
easily,

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
In every
if they are fine, it has a larger range of sensibility.

bad contacts,

clearly

;

;

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(Figs. 17
ductor with which they happen to be associated.

and

18.)

Fia. 18.

— Early

Form

One-half natural

of Iron Borings Tube.

size,

with solid brass cylinder terminals in each end of the tube, making
contact with the borings.

Experiment

showing

Tube responding to Sphere, to
a Quasi-^^ Spark '^ from the Discharge

IHlings

Electrophorus, and to

of an ordinary Gold-leaf Electroscope,

Suppose two fairly clean
say two pieces of brass or of
pieces of metal in light contact
connected to a single voltaic cell a film of what may
iron
be called oxide intervenes between the surfaces so that only
I picture the action as follows

:

—

—

;

an insignificant current is allowed to pass, because a 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
the most sensitive
conduct at all, it is not very sensitive
;

*

See Phil. Mag., Jan., 1894,

where

this explanation (whether

and where the author

true or not) was
experience of coherer behaviour.
first given,

p. 94,

first

published his fuller
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condition

is

when an

attained

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 forty
yards the film at once breaks down, perhaps not completely
;

— that

a question of intensity

is

imagine, more

molecules

incipient cohesion sets in
acts

somewhat Uke a

flux.

get

on, the process

within each other's

range,

electric quiver

It is a singular variety of electric

enables more molecules to hold

surprisingly metrical

is

As I

permanently.

and the momentary

A stronger stimulus

welding.

—but

;

and as

far as

I

roughly know at present, the change of resistance is proportional to the energy of the electric radiation, from a source
of given frequency.
be specially noted that a battery current is not
needed to effect the cohesion, only to demonstrate it. The
battery can be applied after the spark has occurred, and the
resistance wiU be found changed as much as if the battery
had been on aU the time.
It

is to

The
cally

incipient cohesion electrically caused can be mechani-

destroyed.

Sound

vibrations,

any

or

other

feeble

mechanical disturbances, such as scratches or taps, are well
adapted to restore the contact to its original high-resistance
sensitive

condition.

turbance

the

The more

slighter

is

the

stimulus needed for restoration.
radiating sphere (Fig.
of

window, I could not

to cause

him

feeble

the

electrical

dis-

corresponding

mechanical
working with the

When

19) at a distance of forty yards out
for this reason

to press the

key of the

shout to

my

assistant

and make a spark,

coil

but I showed him a duster instead, this being a 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.

a rash statement not at present verified.*

However, this is
At 40 or 60 yards

* This statement has been absurdly misunderstood, as

was a prediction 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.— 0. J. L., 1899.
if it
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the

spark could be distinctly heard,

exciting

interesting to

watch the spot

efficient

and

it

was

of light begin its long excursion

and actually travel a distance
arrived.
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of 2in. or Sin. before the

sound

This experiment proved definitely enough that the
cause travelled quicker than sound, and disposed

completely of any sceptical doubts as to sound-waves being,
perhaps, the real cause

obtained across the

full

of the

width

phenomenon.

Signals were

with larger apparatus, between the college
another high building halfa-mile away.

later,

Fig. 19.

and
tower and

of the college quadrangle,

— Rxdiator used iu 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 iu

Nature, Vol. 41,

Prof. Righi has

p.

This

462, 1890.

improved and made

in a

is

the radiator which

compact form with

oil

between

the two middle spheres.

when

good condition, sound
or other mechanical disturbance acts one way, viz., in the
Invariably,

the receiver

is

in

direction of increasing resistance, while electrical radiation or
jerks act the other way, decreasing
receiver into condition, or

when

it

it.

is

While getting the

getting out of order,

vibrations and sometimes electric discharges act irregularly;
y
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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 bj
adding or removing resistance coils. A half-inch tube, 8in,
long, of selected iron turnings (Fig. 18)

2,500

ohms

in the sensitive state.

A

had a resistance

oi

feeble stimulus, caused

by a distant electrophorus spark, brought it down 400 ohms
A rather stronger one reduced it by 500 and 600, while 2
trace of spark given to a point of the circuit itself ran it dowr
1,400 ohms.
This is only to give an idea of the quantities. I have noi
yet done any seriously metrical experiments.
Added later. My assistant, Mr. E. E. Robinson, earl^

—

noticed that

when

a telephone

single-point coherer
is

{see

was used

illustration

s

on opposite page), whicl

arrangement, every disturbance of the

a very sensitive

coherer due to received waves

accompanied by a crackle
in the telephone, without any tapping back being

or tick

This

necessary.
signals,

is,

and we often practised

is

is

mode

of receiving

If a suitable,

well-dampec

indeed, the easiest

galvanometer, such as a
meter,

as receiver, say with

it.

Thomson marine

speaking-galvano

included also in the circuit (a more sensitive one

ii

—

sometimes necessary and we frequently used a D'Arsonval—
but it must be well damped), the meaning of these ticks 'u
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
This
adequate (being so sudden) to disturb a telephone.
method of receiving, which at first is very sensitive, after
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 restor<
;

—

i

;

it

to its original condition.
If

all

the signals received were precisely of the same

strength, I doubt

would occur

;

if

these superposed crimples of resistanc<

but signals depending on quality of sending

spark never are of the same strength, and accordingly

th<

sudden slight variations of resistance do occur. Usually
an ordinary high-resistance telephone was employed, and it wai
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Simplest Receiving Arrangement

:

spring

A adjusted by

a Telephone in Circuit with Single-

B

point Coherer without Tapper-back.

27

a needle resting against a watch-

screw C.

Syntonic Sender and Receiver used in the experiments plotted on
The switch enables tlie coherer K to be connected either to the
page 28.
L N or to the detecting circuit E F. Weak impulses
tuned resonator

M

are felt
is

C

A,

above.

when the switch

DB

;

is

provided the

The impulses

C

E,

coil

DF
L

is

;

strong impulses

when the switch

similar to the coil of the radiator

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

various strengths of stimulus are instructively

which I showed

1897.

to the Physical

This plotting

singular fact

that,

is

Society of

here reproduced, and

whereas a

quent stimulus usually increases

again

40

30

20

10

a plotting

London

in

shows the

natural, a weaker subse-

is

it

it

in

electrical stimulus

stronger

usually decreases the resistance, as

50

shown

made by Mr. Robinson, and

metrical experiments
of

on
some

fluctuations of resistance of a coherer dependent

:

so that alternately
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Continuation of Lecture.
I

now

your attention

call

to the

Table on next page of

various kinds of detector for electric radiation distributed in
groups.

Selenium is inserted in this table in the microphone
column, because it is a substance which in certain states is
well known to behave to visible light as these other microphonic detectors behave to Hertz waves. It is inserted with
a query, to indicate that

known.

It

may

its

position in the table

possibly belong to

is

not certainly

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.

I cannot be seriously

blamed

for

speculations in that region.

some
some

As I am not a physiologist
making wild and hazardous

I therefore wish to guess that

an electrical organ, say like that of
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
I do not feel clear which part is taken by
are stimulated.
I
the rods and cones, and which part by the pigment cells
j)art of

the retina

is

;

;

must not try to make the hypothesis too definite at present,
though 1 hope it is obvious what I intend to suggest.
If I had to make a demonstration model of the eye on these
should arrange a little battery to excite a frog's nervemuscle preparation through a circuit completed all except a
Such an arrangement
layer of filings or a single bad contact.
lines, I

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

would respond

to

instructive, because

selenium

And

is

we do not

doing, any

at present really

more than what the

observe that (to

my

surprise,

know what

retina

1 confess)

outline of a theory of vision thus suggested

is

is

the

doing.

the rough

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.

Both are

cessation of light.

necessary

are

stimuli

;

for

not the mere

physiologically

is

31

positive sensations,

until

the

and both

are

filings

tapped

back vision is persistent. In the eye model the period of
mechanical tremor should be, say, yV^h second, so as to give
the right

amount

No doubt
by the

of persistence of impression.

in the eye the tapping back is

tissues, so that

it is

done automatically

always ready for a

until fatigued.

And by mounting an

vibrator on the

same board as a tube

new

impression,

electric bell or other

of filings,

it is

to arrange so that a feeble electric stimulus shall

possible

produce a

feeble steady effect, a stronger stimulus a stronger effect,

so on

the tremor asserting

;

its

and

predominance, and bringing

the spot back, whenever the electric stimulus ceases.

An

electric bell

thus close to the tube

is,

indeed, not the

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,

best vibrator

;

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
mechanical tremor
drive the spot violently up the scale
;

brings

it

down

again.

must be clearly understood that
the make and break of an ordinary
It

due to
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
electric jerks,

sharp quality.

You

observe that the eye on this hypothesis

is,

in electro-

meter language, heterostatic. The energy of vision is supplied
Whereas
the light only pulls a trigger.
by the organism
I might draw further
the organ of hearing is idiostatic.
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

one of the
ordinary hand electric gas-lighters, containing a small
revolving doubler i.e., an inductive or replenishing machine.

A

coherer can

feel

is

a ^as-lighter across a lecture theatre.
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Minctiin often used
I find that

them

for stimulating his

when held near they

impulsion

act a little even

eel

when

ordinary spark occurs, plainly because of the little incipit
sparks at the brushes or tinfoil contacts inside.
A V(

machine acts similarly, giving a small deflection wh
working up before it sparks: indeed, these small sparks
often more effective than bigger ones.
j

Demonstration of Ordinary Holtz Machine Sparks not

Tube

And

:

excit

except by help of a polished knob.

model eye has a well-defir
range of vision. It cannot see waves too long for it. T
powerful disturbance caused by the violent flashes of a Ho
or Wimshurst or Voss machine it is blind to.
The lo
They are like infra-red radiati
sparks have no effect on it.
If the knobs of the machine are well polish
to the eye.
the coherer begins to respond again, evidently by reason
some high harmonics, due to vibrations in the terminal roc
and these are the vibrations to which it responds wh
The coil should ha
excited simply by an induction-coil.
knobs instead of points. Sparks from points or dirty knc
But hold a well-polish
hardly excite the coherer at all.
sphere or third knob between even the dirty knobs of a V(
machine, and the coherer responds at once to the surgin
got up in that clean sphere.
Feeble short sparks again are often more powerful excite
than are strong long ones. I suppose because they are mc
sudden. This is instructively shown with an electrophoro
lid. Spark it to a knuckle, and it does very little.
Spark it t(
clean knob held in the hand and it works well.
But n(
spark it to an irtsulated sphere, there is some effect. Dischar
the sphere, and take a second spark, without recharging t
lid
do this several times
and at last, when the spark
inaudible, invisible, and otherwise imperceptible, the cohei
some yards away responds more violently than ever, and t
spot of light rushes from the scale.
If a coherer be attached by a side wire to the gas pipes, ai
an electrophorus spark be given to either the gas pipes or tJ
water pipes or even to the hot-water system in any other roo
;

notice here that our

;

of the building, the coherer responds.

It is surprising he

WORK OF HERTZ
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can be
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along an ordinary uninsulated

wire or other conductor.

In
tried

fact,
it,

when thus connected

to gas-pipes one

the spot of light could hardly keep

day when I

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
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
sensitive.

I

hope

Fig. 19b.

try for long-wave radiation

to

—A Portable

light liable to frequent

Detector,

B

the Collecting Wire.

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 disturbance in a city hke 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
separated from the receiver,
between secondary coil knobs
;

therefore, by several walls

and some heavily gilded paper, as

well as by 20 or 30 yards of space (Fig. 19.)
Also I exhibit (Fig. 19b) a small complete detector

my assistant,

Mr. Davies, which

is

quite portable

and

made by

easily set
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JVTBES.

essentials (battery, galvanometer,

and coherer) are

in a copper cylinder, A, three inches by two.

a few inches long, pegged into

it,

helps

it

A bit

all

of wire, B,

to collect waves.

It

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
is

just conceivable that at

serves to excite

electrophorus or a frictional machine
a voltaic cell, a rough galvanometer,

An

waves are now.

them

;

and a bad contact serves

to detect them.

Indeed, they might

have been observed at the beginning of the century, before
a frog's leg or an iodide of
galvanometers were known
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

ness to sound-waves, and

Hughes observed

it.

it

its sensitive-

Now

became the microphone.

turns out to be sensitive to electric waves,

if it

be

made

it

of any

medal (not of carbon),* and we have an instrument
which might be called a micro-something, but which, as it
Perhaps
appears to act by cohesion, I at present call a coherer.
some of the capriciousness of an anathematised bad contact was
sometimes due to the fact that it was responding to stray elec(See Appendix III., pp. 109 and 111.)
tric radiation.
The breaking down of cohesion by mechanical tremor is an
ancient process, observed on a large scale by engineers in railway axles and girders indeed, the cutting of small girders by
persistent blows of hammer and chisel reminded me the other
oxidisable

;

day of the tapping back of our cohering surfaces after they
have been exposed to the uniting effect of an electric jerk.
Eeceiver in Metallic Enclosure,
If a coherer is shut

waves cannot get

at

it,

up in a complete metallic enclosure,
but if wires are led from it to an out-

side ordinary galvanometer,
* FitzGerald tells

me

it

remains nearly as sensitive as

that he has succeeded with carbon

also.

My

that the less oxidisable the metal, the more sensitive and also
the more troublesome is the detector. Mr. Robinson has now made me a
experience

is

hydrogen vacuum tube
sensitiveness,

of

July, 1894,

brass filings,

which beats the coherer for
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was before (nearly, not quite), for the circuit picks up the
waves and they run along the insulated wires into the closed
it

box.

To

screen

it

effectively,

and galvanometer and every

it is

bit of

necessary to enclose battery
wire connection

;

the only

may

be left outside is the needle of the galvanoAccordingly, here we have a compact arrangement of
meter.
battery and galvanometer coil and coherer, all shut up in a
The galvanometer coil is fixed against
copper box (Fig. 19c).

thing that

can act conveniently
on an outside suspended compass needle. The slow magnetic
the side of the box at such height that

Fig. 19c.

— Protected

shuttered aperture.

Detector.

E is

A

it

is'an occasional wire passing

through

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.

however, that the box must be exceedingly
The very narrowest
well closed for the screening to be perfect.
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.
It

must be

said,

Clamping a 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.

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
And
will utiUse it as a speaking tube, and run blithely in.
this happens whether the wire be connected to anything inside
If

;

more strongly when connected.
In careful experiments, where the galvanometer is protected
in one copper box and the coherer in another, the wires conor not, though

FiG. 20.

it

acts

—Spherical

Radiator for emitting a Horizontal Beam, arranged

Copper Hat, fixed against the outside of a metal-lined Box, which
One-eighth natural size.
contains induction coil and battery and key.
The wires pass into the box through glass tubes not shown.
inside a

necting the two must be encased in a metal tube (Figs. 19c
and 21), and this tube must be well connected with the metal
of

both enclosures,
Similarly

when

if

nothing

is

to get in but

what

definite radiation is desired,

it

is

wanted.

is

well to

put the radiator in a copper hat open in only one direction

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
accustomed to put all the sending apparatus in a packing case
(Fig. 20),
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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

by a string from outside, so that not even key connections shall protrude, else exact optical experiments are
circuit

impossible.

Even

then, with the lid of the hat well clamped on, some-

thing gets out, but

it

not enough to cause serious dis-

is

turbance of qualitative results.
The sender must evidently be
thought of as emitting a momentary blaze of light which
escapes through every chink.

some inches

Or, indeed, since the waves are

long, the difficulty of keeping

them out

of

an

— General arrangement of experiments

with the Copper " Hat,"
showing Metal Box on a Stool, standing outside the Theatre, The Box is
nob 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
Fig. 21.

;

Battery and Galvanometer Coil connected to
the wires, as in Fig. 19c
of the

Table

;

;

Lamp and

Prism

by a compo pipe conveying

Scale barely indicated at one side

and a Polarising Grid of copper wires
[This figure is from a thumbnail sketch by Mr.

a Paraffin

stretched on a frame.

the

it

;

A. P. Trotter, taken at the Lecture in 1894.]

enclosure

may

though the

be likened to the difficulty of excluding sound

not quite so great as that, since a
reasonable thickness of metal is really opaque. I fancied
difficulty

is
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JVIBES.

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
Lead
soon as I have more time.
[Tinplate is quite opaque
paper

lets

a

little

through.]

and that is how
A
little radiation gets either in or out of a small round hole.
narrow long chink in the receiver box lets in a lot a round

One thing

in this connection is noticeable,

;

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. 19c.
It

may

be asked

how

the waves get out of the metal tube

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.
of

;

Optical 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 Sin. sphere with sparks to ends
of a diameter (Fig. 19), an arrangement which emits Tin.
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 Sin. waves of a 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 a copper hat with its

mouth turned

well askew to the

put outside the door at a distance of some
yards, so that only a little direct radiation C£.n reach the tube.
source,

which

is

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, a metal plate is held as reflector,

A wet cloth

spot travels a couple of yards.

but a thin glass plate,
as

if

and

reflects

at once the

something,

dry, reflects next to nothing, being,

well known, too thin to give anything but " the black

is

spot."

I

have fancied that

it

something of the Sin.

reflects

waves.

With
stances,

reference to the reflecting
it

may

power of

different

sub-

be interesting to give the following numbers

showing the motion of the spot of

light

when

waves were

copper hat, the angle of incidence being

reflected into the

about 45deg., by the following mirrors

:

Sheet of window glass

or at

Human body
Drawing board
Towel soaked with

most

1 division.

7 divisions.
12
12

tap- water

Tea-paper (lead ?)
Dutch metal paper... „

40
70
J}
80
100 and up against stops.

Tinfoil

Sheet copper

Sin.

„

Refracting Prism and Lens.

A

block of paraffin about a cubic foot in volume

ia

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

next placed near the source,

is

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

The
disc

in

;

Grating

;

and Zone-plate.

lens helps us to set correctly an 18in. circular copper
position

Removing

for

showing the

the disc, the effect

is

much

bright

and the

effect is greater.

With

spot.

when it was
Poisson.
Add the

the same as

present, in accordance with the theory of
lens

diffraction

a diffraction grating of

copper strips 2in. broad and 2in. apart, I have not yet
succeeded in getting good results.
It is difffctilt to get sharp
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nodes and interference effects with these sensitive detectors in
a room. I expect to do better when I can try out of doors,
away from so many reflecting surfaces indoors it is nke
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 a 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.

now

Fia.

But

much

really there is nothing of

interest

in diffraction effects, except the demonstration of the

22.— Zone-plate

of Tinfoil

on Glass.

Every

circular strip

is

of area

equal to central space.

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.

waves and the measure

of their length.

;

Polarising and Analysing Grids,
Polarisation experiments are easy enough.

a

sphere, or

cyUnder,

or

dumb-bell

is

Radiation from
already

strongly

WOEK OF HERTZ
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and the tube acts as a partial analyser, responding
much more vigorously when its length is parallel to the Hue
polarised,

than when they are crossed but a convenient extra
polariser is a grid of wires something like what was used by
say an 18in. octagonal
Hertz, only on a much smaller scale
of sparks

;

;

frame of copper strip with a harp of parallel copper wires
The spark-line of the radiator
(see Fig. 21, on
floor).
(Fig. 20) being set at 45deg., a vertical grid placed over the

receiver reduces the reflection to about one-half,

grid over the source reduces

Kotating either grid a

it

to nearly nothing.

rapidly increases the effect,

little

maximum when

which becomes a

interposition of a third grid, w^ith

two crossed

grids, restores

some

they are parallel.

through

it.

normal

The

wires at 45deg., between

its

of the obliterated effect.

Eadiation reflected from a grid
course, in a plane

and a crossed

is

strongly polarised, of

to that of the radiation

They are thus analogous

which gets

in their effect to Nicols,

or to a pile of plates.

The

electric vibrations

which get through these grids are at
Vibrations parallel to the wires

right angles 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
electric vibration,"^

boundary

i.e.,

that

when

is at

light is reflected

to the plane of reflection, I use the

set

it

;

at

from the

of a transparent substance at the polarising angle

the electric vibrations of the reflected
before

right angles to the

but this time I use

beam
same

are perpendicular
paraffin prism as

largest face as a reflector,

its

something near the polarising angle.

of wires of the grid over the

mouth

to the plane of incidence, in

which case the

* Cf. Trouton, in Nature, Vol. 39, p.

by Mr. Trouton, Vol. 40, p. 398.

393

"When the

of the emitter

;

is

and
line

parallel

electric vibrations

and many

optical experiments

Since then the above described and

depicted apparatus for electro-optic experiments has been imitated in a

Chunder Bose, of Calcutta, and with it he
has obtained many admirable and interesting optical results. See Proc.
neat,

compact form by Prof.

Hoy. Soc.

J,

SIGNALLING WITHOUT WIRES.

42

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
with by McCuUagh are the magnetic ones.

Thus

are

some

;

those dealt

of the surmises of genius verified

obvious to the wayfaring man.

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

m

be well to explain that

my

Eoyal Institution
lecture I made no reference to the transmission of waves
along ivires. 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
{see, for instance, contemporary reports of the Bath Meeting
It

;

V

r
Fig. 23.

of the British Association, 1888, in

exhibited

them some time afterwards

The

Electrician),

and

I

to the Physical Society,

becoming momentarily luminous at
every discharge except at the nodes, thus enabling the waves
to be actually seen, having been made stationary by reflexion
as 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 experiments 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
the

wires

themselves

SIGNALLING WITHOUT WIRES.

44

going

five

wires.

or six times round a

And many measurements

made by me
working

at

large hall, like telegraph
of

same period as
Carlsruhe.
The use of
at the

wave length were thus
that in which Hertz was
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
;

had frequently been used by myself in the series of experiments 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 Sarasin and De la Eive nor to other excellent
work done by Lecher, Rubens, Arons, Paalzow, Eitter,
Blondlot, Curie, D. E. Jones, Yule, Barton, and other
as

;

experimenters.

TELEGRAPHIC AFPLIOATIONS.
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APPLICATION OF THIS METHOD OF SIGNALLING

AT A DISTANCE TO ACTUAL TELEGRAPHY.

Although the method of signaUing to a moderate distance
through walls or other non-conductiog 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
The idea of
not applied by them to actual telegraphy.
replacing a galvanometer, which was preferably a welldamped or speaking galvanometer, by a relay working an
ordinary sounder or Morse was an obvious one, but so
was concerned he did not
far as the present author
realise that there would be any particular practical advanin

tage

with

thus

instead of with
telegraphic

difficulty

ease by

telegraphing

across

the highly developed

and telephonic

space

and simple

methods rendered possible by

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

the

use of a connecting wire.

;

Dr. Alexander Muirhead foresaw the telegraphic importance

method

immediately after hearing the
author's lecture on June 1st, 1894, and arranged a siphon
recorder for the purpose. Captain Jackson also, at Devonport,
made experiments for the Admiralty, and succeeded in telegraphing 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
of this

many German

of signalling

workers in Hertz waves continuing, for some

time after 1894, the older and less efficient, though for
metrical purposes often more convenient, mode of detecting

them.

But, in Italy, the work described in the preceding
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became well known, and the subject was developed
largely, especially by Prof. Rigbi, 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 Italian
treatise, " Optice Elettrica," and it appears that it was from
him that Signor Marconi learned about the subject, and

lecture

immediately conceived the idea of applying it to commercial
telegraphy.
He appears to have worked at the subject
for a short time in Italy, aiming at getting tbe receiver
to be more satisfactory and dependable, and improving
the early form of Branly filings tube depicted on page 23
by greatly diminishing its size, bringing the terminals

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 34. 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 a 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
closer

in

it

together,

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

and especially began

over which signalling was possible,

to develop

from unpromising beginnings

method for long-distance, viz., the employment
sending and receiving conducting plate or other

his special

of

a

small surface, at the top of a lofty pole, connected through

what was

supposed apparently to be the real
radiator, with the earth.
This elevated plate, connected
as it now is through a simple spark gap with the earth, is an
at that time

obvious modification of a Hertz

vibrator

;

for

it

may

be

regarded simply as a Hertz vibrator with its axis vertical, as
Hertz often used it, and with its lower plate replaced by the
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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

quite like

for

that

sender and
of

receiver

;

respectively,

vibrator and a Hertz

a Hertz

not

is

receiver

acting on one another by emitted radiation in the ordinary

were not the sa77ie 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
way.

If it

partially

like

the

greatly

Hertz vibrator.
Only one of the plates
the other
lines

is

is

separated terminals of a single

charged during a sending operation,

at zero potential, but

some

trace of the electrostatic

from one plate may extend in curved

lines to the other,

just as they extend to every elevated conductor within hail

any

of the sender in

direction.

Then comes the snap

of

the spark gap and the sudden

discharge, equivalent to the rush of an opposite charge of elec-

suddenly into the sending plate, disturbing the electric
equilibrium at a distance
at any distance to which any trace
tricity

—

of electrostatic field

kind of what

is

had been able

to reach

called in lightning a

^^

— and

giving a

return stroke.''

The

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 i^late, and the receiving
effect of this

;

—

plate

collects

such a fraction

of

this

disturbance

as

to

Not
stimulate the coherer and give a signal every time.
At the present
that it is to be supposed never to miss fire.
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

time a coherer

is

there are other times

when

it

gives trouble

and needs some

SIGNALLING WITHOUT WIRES.

48

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 way in 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
depeadableness 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
while like success over land
called '* Funkentelegraphie"
has been attained by M. E. Ducretet, M. Blondel and others
M. Ducretet has, indeed, put on the market a
in France.
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 lighthouse signalling on the coast of Brittany.
The fihngs tube now chiefly employed by the author is of
It is a sealed glass tube containing
the following form
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 support, 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
tilted

is to

attach the coherer to a lever

strongly by an electromagnet

sounder.

A

after

the fashion of a

rapid succession of gentle taps

than one violent one, but experience

is

is

often better

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

A

shaking up will pull them asunder again.
violent electric shock

but

it

is

may

still

more

indeed have a decohering

effect,

not a plan to be recommended, for

it

seems to be

a 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 35, &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 tJiat 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

neighbourhood, the filings adhere to
it and to each other, and with care a long string of them can
The author has examined the behaviour of
be picked up.
are occurring

in

the

under electrical influence on a glass plate in a microscope, 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
filings

succession of electrical stimuli, and the partial or complete
disruption by an appropriate mechanical stimulus

An

earlier

is instructive.

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 menI now proceed to developments
tioned shortly (see page 62).

on the true Hertz-wave
principle, the preliminary experiments on which are mentioned above in connection with the figures on page 27.
of syntonic or attuned telegraphy
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FURTHER DEVELOPMENTS

IN

Tf^IKES.

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

pubhshing

it

in

any journal

he has registered it and paid a fee to the Government
under the so-called Patent Law. This unfortunate system is
well calculated 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
upon a thing over which he has no effective control. In this
case practical developments generally wait until some outsider
steps in and either patents some slight addition or modification, or else, as sometimes happens, patents the whole thing,
If a scientific worker refrains
with some slight addition.
from publishing and himself takes out a patent, there are
innumerable troubles and possible litigation ahead of him,
until

;

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.
at least

if

the thing turns out at

all

;

Pending a 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 a great industry
has risen on the basis of that same discovery or funda-
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this much-to-be-desired

modifi-

appears to be necessary to go through

the inappropriate and repulsive form of registering a claim

an attempt at a monopoly. The instinct of the scientific
worker is to publish everything, to hope that any useful

to

aspect of

it

may

be as quickly as possible utilised, and to

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
trust to the instinct for fair play that

boon

;

to grant

him the

monopoly

privilege of fighting for his

«^a«geSg5P^S85^^^SS5^^^^^S5P!K^

•^^a^ •iii^W^i^^mim^t^msi^Mifmi^i

Fig. 24 (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

improvements in the Hertz wave method of

other

signalling,

he

can refer here to certain patents taken out, in conjunction
chiefly with Dr. Alexander Muirhead, his co-worker, which are

numbered
(1)

respectively as follows

11,575 of

1897,

:

wherein

syntonic principle and the

mode

is

described

the

general

of prolonging the duration

£2
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of the vibrations emitted

JVIFES.

by a radiator or by a

This

receiver.

electromagnetic inertia (that is, a selfinduction coil) in such a way as to lessen its radiating power,
converting its type of emission from something like a whipcrack into something more like that of a struck string. (Not
pushing it so far as to make it like a forky though that

is

done by adding

could be done
1898.)

if

to

it

desired:

see Journal Inst.E.E.,

December,

But too prolonged a duration of vibration

desirable, for

it

is

not

obtained at the expense of
For the most distant signalling the single

can only be

radiating power.

pulse or whip-crack

is

the best, and this

is

what in

practice

Fig. 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
A radiator with several swings is
course impossible.
violent at

its

first

impulse than

is

a

is of

less

momentary emitter

but then the lessened emitting power of a radiator is to
be compensated by a correspondingly prolonged duration of
vibration

on

the

part

of

the

receiver

or

absorber,

thus

rendering the radiator susceptible of

tuning to a special

similarly- tuned receiver or resonator.

The tuned resonator

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

is

then to respond, not to the

first
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perhaps four, swings, the electrostatic charges in
plates

become

sufficient

to

coherer, thereby effecting

its

A

resonator not

different

overflow and

of

into the

spit off

stimulation and giving the signal.

properly tuned

frequency

terminal

its

vibration

one tuned to some
would not be able to

i.e.,

—

Fig. 26 (Fi^-lO 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

The two

for tuning.

points to attend to for syntonic discrimination are

(a) that

:

L—o^Sdo
Fig. 27 (Fig. 3 of Specification 11,575/97).

The middle spark gap
though sometimes helpful. The main charging

of Syntonic Radiator

necessary,

— Diagrammatic representation

and Receiver.

^3 ^3
is

is

un-

done by

impulsive rush at the outside knobs.

the receiver shall not be so near the emitter as to feel its
impulses too easily, i.e., without accumulation (b) that the
;

properly-tuned receiver shall be so arranged that

up and accumulate the impulses of the
attaining its

maximum

associated with

it

radiator,

it

can work

and before

swing can overflow into the coherer

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
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 shunt are,
of course, merely typical of any kind of telegraphic instrument whatever.)
Fig. 26 indicates one form of sender

joining the

with three alternative syntonising

coils for

speaking to three

Fig. 28 (Fig. 7 of Specification 11,575/97). -Syntonic Radiator with earth

connection arranged for sending.

distant attuned stations.
for

receiving,

Fig. 27 shows a radiator arranged

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

suddenly charged
oppositely, and the two opposite charges are left to surge into
one another and set up the oscillations. This impulsive
is
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essentially that adopted in the spherical

whip-crack emitter depicted in Fig. 19

(p. 25, ante),

the two poles

and being joined by as
But for such
the sphere.

of the sphere having but small capacity

thick a conductor as the equator of

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.
a radiator as

Righi find

it,

is

and embodied

it

in his well-known double-sphere

double-knob emitter.

The

specification also contains figures of earth-connected

forms of radiators, with or without self-induction

coils,

of

-I-

Co)

n

-r~^

#1
Fig. 29 (Fig. 12 of Specification 11,575/97).— Single-point Coherer, with

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 a
modification of the point coherer depicted in Fig. 17, on
page 22 {see 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. 30 shows a coherer inserted in a secondary or transformer circuit, and operated inductively by the oscillations of
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Fig. 30 (Fig. 14 of Specification 11,575/97).—Another diagram of con-

Syntonic Receiver, with Coherer in a secondary or transformer circuit
a conducting or a capacity shunt for the telegraphic
instrument being applicable as before.
nections for

;

b^

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
Figs. 31

may

and 32

(Figs.

feel their electrostatic disturbance.

b,^P

LT
Fig. 33 (Fig. 11 of Specification 18,644/97),

—Actual connections

for a

Sending and Receiving Station on the plan shown in Fig. 37.
Lefthand 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

methods of decohering, by means of cams and otherwise, which are appropriate when working rapidly with
automatic transmitter and siphon recorder.
(3) No. 18,644, 1897, represents different ways of connecting
up a coherer to a syntonic resonator, so as to get the benefit
of its overflow without interfering with the working up of the
electric oscillations, e.g,^ Figs. 31, 32 and 33.
It also shows a
plan for constantly decohering by a rapidly revolving cam a
practical

number

of coherers in parallel, so that

Fig. 34 (Fig. 1 of Specificat-ion 18,644/97).
parallel,

one at least

— Siugle-point

is

always

Coherers in

with successive decoherence.

ready to receive an impulse (Fig. 34). 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. 35, 36, 37 and 38). And next it is arranged
to assist 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. 35), 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.
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Fig. 35 (Fig. 3 of Specification 18,644/97).—

sending jerks into a badly insulated
such jerks by a single-point Coherer.

line,

A

self-induction

and arrangement

-^rl
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method
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36 (Fig. 4 of Specification 18,644/97). Another arrangement for
sending jerks into a bare or badly insulated line, and connections for
Fig..

Coherer detection.
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No. 29,069, 1897. In this patent various methods of
connecting up the shunting condenser, whose object it is to
tcansmit all jerks undiluted to the coherer, are shown, all
(4)

There
adapted to work with a syntonic resonator (Fig. 39).
is also shown a complete switch (Fig. 40) for effecting the

-&
J<x.

method of signalgas and water pipes i,

Fig. 38 (Fig. 13 of Specification 18,644/97).— Another
ling through a pair of imperfect conductors, such as

without the above elevated inductive connection.

from "sending" to "receiving," exposing the
coherer to the full effect of the distant radiator, and
completely protecting and isolating it from its home radiator
the switch being so arranged that signalling is impossible

transition

unless the

home

coherer

is

protected.

m

A rotating commutator

±f
g

^^E-TT^

r-—TTTTT-—»7

Fig. 39 (Fig. 3 of Specification 29,069/97).

nection

to

Syntonic

Collector,

with

— Diagram

capacity

shunt

of

Coherer con-

for

telegraphic

instrument.
is

also

full

shown, whose object

influence

receiver or

otherwise

of

is

a receiver,

to expose the coherer to the

especially

of

a

non-syntonic

simple collector, without its being shunted or
interfered with by the telegraphic apparatus
;

immediately afterwards the rotating
commutator connects it, and then effects the tapping-back.
to

which,

however,
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Connections are shown (Fig. 41) for a complete sending e
receiving station on this plan with a syntonic radiator £
resonator indicated (though not to scale).
But with synto
resonators the revolving commutator method is not found
be necessary the sending and receiving switch, togetl
with the closed box for protecting the coherer in an instan
;

accessible

manner

is

therefore

the

chief feature

of

t

diagram.

Fig. 40 (Fig. 6 of Specification 29,069/97).— Switch at a Sending

Receiving Station, to change

all

!

the connections with a protected Coh(

from receiving to sending by depressing the knob

I.

Earlier Telegraphic Advances.

communication was made to the Euss]
Physical Society by Prof. A. Popoff, of the Torpedo Schc
Cronstadt, Eussia, and appears in the Journal of that Soci
for January, 1896.
In this communication the use of
elevated wire and of a tapper-back worked through a relay
the coherer current are clearly described, and signalling \
In

April, 1895, a

effected for a distance of 5 kilometres
(3 J miles).
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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.
extract

The following
quoted

extracts

from

this

paper

may

also

be

:

*'0n using a sensitive relay in the circuit with the coherer
tube,

and an ordinary

electric bell in the other circuit of the

IHHHHHH
B

w
W^W55*7W
^l,

Fig. 41 (Fig. 7 of Specification|29,069/97).

— Diagram

of

connections at

a protected Coherer Station with Syntonic Radiator and Collector.

sound signals and as an automatic tapper for the
coherer, I obtain an apparatus which exactly answers every
electric wave by a short ring, and by rhythmical strokes if

relay, for

electric vibrations
*'

On

connecting an electro-magnetic recorder in parallel

with the

which

is

be excited continuously.

bell,

tracing a straight line along the paper ^band

moved by

a 12-hour clockwork cylinder, I obtain^ an

instrument registering by a cross line on the moving band
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TTIltES.

every electric wave that reaches the coherer from across

atmosphere.

Such an apparatus was placed

at the

logical Observatory at St. Petersburg in July,

t

Meteor

1895, one

the electrodes of the coherer being connected by an insulat

wire with an ordinary lightning conductor, the other electro
of the tube-coherer being connected with the ground."

oa p. 235 of The Electrician, Vol. XL.).—Method
automatic tapping back by relay-current employed for telegraphy
Prof. Popoff in 1895.
Fig.

42

(Fig. 2

1

on to say that his apparatus wor]
well as a lightning recorder, and that he hopes it can be us(
Prof. PopofiP then goes

for signalUng to great distances.

He

says

:

—

" I can detect waves at the distance of one kilometre

if

employ as sender a Hertz vibrator with 30 centimetre sphere
and if I use the ordinary Siemens relay but with a Bjerkm
vibrator 90 centimetres diameter, and a more sensitive rela,
I reach five kilometres of good working."
Thus it is plain that Prof. Popoff employed the elevate
wire as 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 described his
From
success in signalling from 3 to 13 miles across land.
this

and

book we take the following illustrations of the coherer
its

connections

Fig. 43
is

:

shows the coherer

tied

on

to a glass tube,

by which

it

supported.

'^''.'W7?ff ;W'>

G!

; f>-

i

, ^;,rTffKfifl-^7rftfJ!P-^--

^ ', ''','"

mm-\X^*l\ViiSS\-

Fig. 43 (Fig. 7 of Slaby 's book).

Fig. 44 shows the simplest form of

its

connection to a one-

A

and a polarised relay B, which switches on
another battery of several cells a operating the Morse instrument or electric bell or sounder h and also the tapper-back c,
the hammer of which raps gently on the coherer tube at every
cell

battery

signal.

-)|i|l|l-

B
6«

a4^
L

.

-CDO-

f

c
Fig.

^4

(Fig. 8 of Slaby's book).

— Slaby's arrangement

of

Coherer and of

tapper-back and relay connections.

The
46,

actual apparatus

where

is

depicted in two views. Figs. 45 and

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 electric bell.
;

;
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A
and

be connected to the terminals ^
or the bell can be switched into the circuit

Morse instrument
either

pleasure.

it

The form

is to

\

of relay depicted is special to Slaby, bi

the rest of the arrangements are practically identical wil
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 station

showing the way the elevated wire enters the building.

r'l'l'i'i'l'l'l'l'r'

B

'Y

"Spark Telegraphy").— Diagram of Slaby's connectic
the above apparatus. F is the coherer and K the tapper-back.

Fig. 47 (Fig. 19 of
in

During September, 1899, the Marconi method of signalli]
to long distances was demonstrated before the British Assoc:
The chief feature of the installation was t
tion at Dover.
elevated wire supported by a mast, and terminating at the t
in a small conductor, which is usually made of wire nettir
and is suspended from an insulating rod. The lower end
this

elevated wire

passed

into

the

building through

i

and was connected to one terminal of the us\j
Ruhmkorff coil, the other terminal of which was earths
The signalling key was of the simplest description, bei]
aperture,
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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 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 signalling was identical with that employed by everyone since the
the

coil.

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 email insulated conductor
at
considerable elevation.

Fig. 48 (Fig. 11 of Prof. Slaby's book on " Spark Telegraphy").

From

mast in the town

Dover (Fig. 49) signal?
could be sent to another loftier mast at the South Foreland
(Fig. 50), where it is itself elevated by chalk clijEfs far above
From this South Foreland station, which was
the sea.
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).
this

of

f2
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Fig. 49 (p. 762,

The Electrician, Vol. XLIII.).— Marconi Signalling Mast
at Dover Town Hall.

TELEGRAPHIC APPLICATIONS.

Fig. 60 (Fig.
frona

1, p. 7,

The

XLIII.).— Mastat South Foreland,
a similar Mast at Wimereux, near Boulogne,

Electrician, VdI.

which Signals went

to

69
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Concerning the receiving apparatus there is little to
said, since it is in essence the same as that which has alrea(
been described. It consists of a coherer of the plug tu]
pattern, something like that depicted on page 23, but exce

1

sively reduced in size, the glass tube being the size of a qui

the two silver plugs close together separated only by a ve
few nickel filings. This tube is mounted so that it can
struck after each signal by a light electric

hammer worked

1

1

a current from a local battery switched on by a Siemer
polarised relay, which is itself actuated by the coherer currer

Whenever the coherer

receives a signal the

same current th

works the tapper works also the Morse instrument standii
on the table alongside, and records a short or a long signal
The coherer with its tapper, the polarised rela
the tape.
and the battery (a few dry cells) are all enclosed in one obloi
iron box, through an aperture in which the lower end of tl
elevated wire can be inserted and brought into direct co
nection with the coherer.
To change from transmitting to receiving nothing
needed but the detachment of this wire from the Euhmko:
coil terminal and its insertion through the aperture of tl
The obJ€
enclosing box so as to touch the coherer circuit.
of the box is, of course, the protection of the coherer fro
undesired disturbances, exactly as described on page S
and the collecting wire has the function there describ
<

likewise.

The

mentioned on page 31, b
not as being operated through a relay by the coherer circuii
own current. This last improvement seems to have be
devised and employed by Prof. Popoff at Cronstadt in 18
No doubt it was arrived at independently aga
{see Fig. 42).
by Mr. Marconi and the telegraph officials who assisted hi
electric tapper-back is also

in his early experiments in this country.

The other box shown

in Fig. 51

is

probably a

stand-

in case of accident.
It is

difficult

to

imagine a simpler contrivance, and

appeared to work at Dover dependably, the messages comi]
out slowly in ordinary dots and dashes, the torrent of spar
being sufficiently rapid not to necessitate the breaking up
the dash into a s^ri^s of ^ots.

The sluggishness

of the

Mor
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instrument or the relay, or the circuit as a whole, enablei
this excellent result to be attained with apparent ease.
A diagram of Marconi's connection of sensitive tube to th
repre
relay and tapper- back and Morse instrument, where

W

sents the elevated wire,

is

given in Fig. 62.

h
J©
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THE HISTORY OF THE COHERER PRINCIPLE.

The following, written by Dr. Oliver Lodge, appeared in
Electrician "for November 12th, 1897

:

—

Probably the earliest discovery of cobesion under
influence

was contained

of Guitard in 1850, that

in

"The

electric

that old, forgotten observation

when dusty

air

was

electrified

from

a point the dust particles tended to cohere into strings or
The same thing ^o doubt occurs in the formation of
flakes.
snowflakes under the influence of atmospheric electrification

;

and the cohesion of small drops into large ones in the proximity 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
A smooth orifice being arranged
stick of excited sealing-wax.
to throw a jet of water about three or four feet nearly
vertically, the jet breaks into drops, and the drops scatter
in all directions, rebounding from one another and giving
but if a stick of sealing-wax
a shower of fine spray
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

verted into a thunder-shower.

has, in fact, been con-

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 rebound after coUiding, 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

—

then the boundary layer broke down, the two
colliding jets no longer separated with a rebound, but amalga-

Leclanche

cell,

mated and became one.
Lord Eayleigh developed a similar explanation for the
The scattering of the jet in its ordinary state
single jet.
was due to the rebound of colliding drops, as could be
seen by examining it with a sufficiently instantaneous or

mode

an electric charge
were in the neighbourhood it must be supposed that a trace
of potential difference existed between the drops, which caused
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
And
jet, and should thus cause them all to repel each other.
intermittent

if

of illumination

the electrified sealing-wax

is

;

but

if

held too close, this

is

exactly

what happens. All the drops are then similarly electrified,
and scatter more \4olently 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 supposed to exist in the air between djops, partly because they
are not all equally charged and partly because each is a conductor acted on inductively by a neighbouring electrified body.

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
In this connection

it

per millimetre throughout a yard or two of space.
Proc. Hoj. Soc, 1879 and 1882,
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The next stage was the re-discovery, in 1883, of Guitard's old
dust phenomenon by the present writer and the late J. W.Clark
(Nature, July, 1883 Phil. Mag. ,Ma^Ych, 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
;

more recondite character, being connected
with the bombarding effect of gas molecules as illustrated in
The dust particles are beaten away
the Crookes radiometer.
from the hot body by a molecular bombardment, which manifests 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 experimented to see if the phenomenon was caused by the air having
become slightly electrified, perhaps by reason of its haviog
streamed as an upward convection current over the surface of
the warm solid, at which we were looking, in a thick smoky
explanation

is

of a

atmosphere, in the concentrated light of an electric arc.
We
therefore purposely electrified the rod, to see what that would

and we found

our surprise, directly the electric machine
was turned, that the smoky atmosphere almost instantaneously
disappeared, and the box became quite clear.
do,

to

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, 1 884), and subsequently
at the British Association meeting in Montreal! 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. J
*

p.

"Dimensional Properties of Matter," Phil, Trans., 1&79.
" Dust," by the writer, see Nature, Vol. 31,
t Evening Lecture on
265 also Journal of the Royal Institution, May, 1886.
J Apparatus for the purpose is now in the catalogue of Messrs. Ducretet,
;

but they supply a pair of combs of points. It makes a more
interesting experiment if only one point is used, in a moderate space, and
of Paris,

SIGNALLING WITHOUT WIRES.

76

The next observation of cohesion under electrical influen
was made by the writer in 1889, while working at the prote
and cables from lightning,research which resulted in the use of choke coils as supp]
mentary to the air-gaps of the ordinary lightning guard, ai
thus to the forms of instrument constructed by Dr. Ale
Muirhead for telegraphic work in this country, and to t]
supplementary additions adopted by the Westinghou
tion of telegraphic instruments

Company

for their non-arcing guards adapted to electric

lig.

The observation
and power installations in America.
cohesion was a bye-issue, noticed when the knobs of t]
lightning guard were brought too close together.*

When

lightning

often been

itself

strikes

a

guard,

it

has

found that the opposite sides of the

air-gap are fused

together.

This,

indei

protecti^

no doubt, may be part

due to a straightforward melting or welding by heat, bi
Molten metals without
it is probably not solely that.
It is almost certainly due
flux do not so readily weld.
a cohesive action also, the dijBference of potential between tl
molten terminals resulting in adhesion and amalgamation,

phenomenon

also

observed in the frequent locking of

t

formed between two metallic electrodes. Howevthis may be, certainly the phenomenon occurs on a small seal
for if the pair of knobs or points placed as a shunt to prote
a galvanometer or other telegraphic instrument from ligb
ning (or what is easier experimentally and essentially the san
thing, from a Leyden j ar discharge) be set too close togethe
the galvanometer will be found to be short-circuited after
spark, and the knobs will be found, both by mechanical ar
electrical tests, to be feebly united at a single point, f Not onl
however, is the galvanometer short-circuited by the metall
electric arc

junction so formed, but at the instant of the formation of
joint

it

experiences a very perceptible kick, indicating a

tl

mome

tary current, coincident no doubt with the electric discharge, h
the electric supply regulated so as not to hurry the disappearance of t
smoke too quickly, but to exhibit the stages of aggregation which prece

the

final

disappearance by deposition,

Any kind

smoke serves, but a
cleanly and efifective.
of

magnesium ribbon burnt under a bell jar is
should be looked at in a window or other good light,
of

*

1

of course.

Journal of the Institution of Electrical Engineers for 1890, pp. 352
t Modern Views," second edition, p. 359,
"
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would have been protected had not the juncThe galvanometer kick is clearly an effect due

it

to the uniting metals, but

has not yet been fully elucidated it
observed by Mr. Stroh in his excellent
it

;

seems to have been first
researches on microphonic action, related in the Jouimal of
the Society of Telegraph Engineers, 1883 and 1887, and it
may possibly be thermo-electric, as Prof. Hughes, who also
observed

may

it,

thinks likely; but

be connected with an

in his galvanometer

he published

at

when

was found

may

be electro-chemical, or

is

of detecting Hertzian waves,

which

The point

which sets in between
an extremely feeble spark

the cohesion

the spark occurs

sufficient

it

observed later by FitzGerald

effect

the Royal Institution in 1890.

of present interest

the knobs

mode

it

:

produce the

to

effect,

provided the

were already almost infinitely close together, i.e.,
provided they were already in what v/ould be called contact,
with the merest imperceptible film of (probably) oxide separating tliem, just the kind of film which a chemical flux is
useful in removing.
The electrical stimulus appears to act as
surfaces

and the adhesion of the two surfaces was demonstrated 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 syntonic
Leyden jar experiment, depicted in Fig. 4, p. 6 {see also p. 21).
If the elsctric bell stands on the same table as the support
such a

of

flux,

the sparking

knobs,

or,

better,

still

if

it

be put into

mechanical contact with them, its tremor is quite sufficient to
break the contact asunder again unless the spark, and thereRaising the bell into
fore the adhesion, has been too strong.
;

the

air, it

and in

tb'at

ceases to interrupt the spark-induced continuity,

case continues to ring

;

but directly

it is

replaced

so that its vibration can reach the cohered surfaces through
their solid supports it usually
often, indeed, the first stroke

incipient

movement

of the

—

happens that a few strokes
of the bell, sometimes even 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
lufcUtution of Electrical Engineers, 1883

and

1887.

;
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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.
sufficient to

The spark

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
in these early experiments

;

ascertain all the conditions pertaining to the feeble residue of

a lighting discharge which

is liable

to be conducted

by

tele-

and there cause some damage to
eensitive instruments not suitably protected from sudden
electric jerks, whose laws of flow are quite different from

graph wires

to a distance,

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 interest of these experiments was,
the Physical Society.
;

however, altogether eclipsed by the brilliant and masterly
investigation at Carlsruhe by Hertz, who, as everyone except
the British public

is

aware, put into practice FitzGerald's

1883 suggestion that Leyden jar discharges should emit Maxwellian 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 coatings 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

laid

open to

and many have been the workers in the

physicists,

* Verbally to Section

1888, p. 229

was thus

;

A

at Bath, 1888.

field.

See also Phil. Mag.^ August,

and The Electrician, Vol. 21, pp. 607-8.

Trouton, of Dublin, worked long and successfully at tLeir

means of detection
means have been known perhaps

optical analogies, with the very inadequate

then known ;* and since better

the most complete set of experiments published, after Hertz
himself, is that contained in the book " Optice Elettrica," by

but some account of several previous

Prof. Eighi, of

Bologna

researches

contained in the second edition of

is

;

"Modern

Views of Electricity," in the chapter called '' Kecent Progress," of date 1892.
The means used by Hertz and his
immediate followers to detect the waves was simply the httle
spark which they excited in conductors upon which they fell
electric currents being set up in such conductors by the act of
The effect was often at that time attributed to
reflection.
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
Consequently
of the swings had but a poor chance of success.
precision of tuning was not really important, though no doubt
it would help a little.
It is interesting to note 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 theoretic
significance had not been perceived, and they were somewhat
sceptically regarded. Yet Henry, even in those pre-Maxwelhan
days, was led to an intuition concerning the spread of elec;

;

;

trical

disturbance surprisingly near the truth.

The truth

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
surgings induced in the neighbourhood of a primary discharge
dad been made by Henry, and had been seen by others to be
indeed

it

capable of giving actual sparks, before the time of Hertz,

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-

although

it

""

* Nature, Vols. 39

and

40.
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how

happe
that a fact is lying ready to hand but is not taken up a
appreciated until some special or extra stimulus has be
theless is instructive as sliowiDg

frequently

it

suppUed.

had become well-known, the wrii
devised a plan whereby real electric resonance could
demonstrated with a pair of actual glass Leyden jars
ordinary pattern, by connecting each to a discharge circu
the one complete, the other with an air-gap, and providi
the first or receiving jar with an overflow path or b]
circuit provided with an air-gap across which a visible spa
could occur whenever the induced oscillations or surgiri
accumulated in its main circuit were sufficiently intense
make the jar overflow.* The air-gap was most easily provid
After Hertz's results

by a

strip of tinfoil pasted over the lip of the jar,

served equally well

if

wires led from the two coatings to

knobs near together,

pair of adjustable

but

like a lightning guai

between which the overflow spark could pass. The same knc
indeed were used as had already served for the lightni
experiments and, as in that case, if the knobs are arrang
very close together and are put in circuit with a battery anc
;

bell,

cohesion sets in and the bell rings whenever the overflc

occurs.

but

if

The

bell continues to ring until the stand is tappe

the bell itself touches the stand or the table,

breaks contact by
(see

it

rapic

vibration, exactly as described, p.
Closed Leyden jar circuits are r
also Fig, 16a, p. 21).
its

strong radiators, nor was this resonance then observed excit

by true waves.

No

attempt was at this time made to apj

the cohesion principle to the detection of true Hertz wa^

such as could be

a considerable distance from a strong

felt at

radiating source.

Before this time, FitzGerald and Trouton had hit upon

th(

galvanometer method of demonstrating to an audience t
occurrence of the minute scarcely-visible spark in the gap
a Hertz receiver,
Prof. Minchin also, working at Cooper*s-hill with his sen
tive photo-electric cells, especially with some which he call
"f

* Nature, Vol. 41, p. 363
edition, p. 338.

;

See also Fig.

t Nature, Vol. 41, p. 295

;

or,

"

Modern Views

4, p. 6.

and Vol. 42,

p. 172.

of Electricity," aecc
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behaved abnormally when subjected to
taps or other mechanical vibratioDs, found that when Mr. Gregory was working a Hertz radiator in another part of the same
"impulsion

cells," that

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 cohesion principle,
though its action seemed paradoxical then. Moreover he was
able,

by

number

its

aid, to signal

without wires over a considerable

of yards, at that early date (1^90

and 1891).

About the same time, Prof. Ijoltzmann used a charged goldleaf electroscope for the same ]3urpose, 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 chai'ge would make it discharge and the leaves instantly collapse. In this charged condition it was sensitive to very minute electric 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
This method is not a cohesion method,
leaves to collapse, t
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
one way was to make it of carbon and to connect
several ways
it, with its wave collector, to the terminals of 110-volt electric
;

whenever a Hertz vibrator was discharged
and induced a minute spark across the gap, that same spark
might close the circuit and establish an arc. This plan forced
itself on my attention by the behaviour of sundry Swan lamps
light leads, so that

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;

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
an experiment which was interesting enough, and was
started
tion,

;

* Phil. Mag.,

March, 1891
t Wml. Ann,, Vol. 40,

;

also January,

1894
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shown

to several people, including, I think. Prof. FitzGeral

but which was sufficiently a nuisance to necessitate the wire
which were acting as collecting wires, being taken down ai
replaced by stretched silk threads, which are there to this da
Another modification was to connect the gap to an Abe.

which exploded or ignited under t
Yet another was to connect it
spark.

fuse or to a gas leak,

influence of a feeble
a single cell

and

electric bell or

galvanometer, as

alreai

explained.

Meanwhile, however, and well before these later experimer
on the detection of Hertz waves were in progress, certain d
coveries had been made by M. Branly, Professor of Physi
in the Catholic Institute of Paris, which were of the greatt
Prof. Branly had found that a co
interest and importance.
or varnish of fine copper dust, porphyrised copper or oth
such substance, though it could only conduct a current ve

and much as a blacklead pencil

und
ordinary conditions, yet fell in resistance enormously whe
ever an electric spark occurred in its neighbourhood som
what in the fashion that the resistance of selenium falls
exposure to light. It is not clear that M. Branly recoguis
that he was deaUng with Hertz waves or true electrical radi
tion, but his observations were most satisfactory and co
elusive, and he measured the reduction of resistance caused
a number of different substances, including an assemblage
metalhc filings, and conglomerates or paste of filings in vario
Moreqver, he found th
viscous hquids and in dry powders.
the spark was still operative in reducing resistance even wh<
it was several yards distant.
The account of Prof. Branly's experiments is to be found
a couple of short communications to the French Academy
Science (Comptes Bendus, Vols. Ill and 112), and the writ
had intended to reproduce in abstract the gist of the
memoirs ; but to readers of The Electrician this is unnecessai
as a descriptive article from La Lumiere Electrique has alreai
been translated in full, in July and August, 1891 (see T
Electrician, Vol. XXVII., pp. 221 and 448, now reproduced
feebly,

trace conducts,

;

(

Appendix).

Unfortunately the writer, in

common perha

with others, must confess to having overlooked these articl
at the time, probably by reason of their coincidence with t]
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In his second edition of ** Modern Views of
Electricity," published in 1892, though he refers on page 359
holiday season.

to the cohesion principle in

this

connection, the writer

is

clearly ignorant of Branly's experiments.
this country

The matter seems to have been ignored in
1892, when Dr. Dawson Turner described
to

the

British

Association

in

till

the experiments

Edinburgh,

and even

till

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
1893,

observing with his impulsion

cells,

and

after a

few

trials

wrote

a Paper to the Physical Society recounting his repetitions

and

This Paper, before

modifications of Branly's experiments.*

it

was read, was circulated by the Society to its country members,
and so came tc the eye of the writer, who at once wrote a short
note summarising some of his work in the same direction, and

made known
electrical cohesion phenomenon

pointing out that this discovery of Branly's, thus
to

him, was another case of the

already observed by several experimenters.

This

is

published

along with Prof. Minchin's Paper in the Phil. Ma;/, for January,
1894, and to

it

the friendly reader

is

referred.

The

writer at

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
A whole
sensitiveness and of reasonable manageability.
series of quasi-optical experiments were then undertaken with
the new detector, and were shown to students and to the
once proceeded to try the Branly tube of

filings,

;

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 {see page 34) so as to protect
them from continued oxidation by the air, and to prevent
the film which hypothetically separates the surfaces from
Indeed, brass filings in hydrogen
growing too thick.
speedily got too clean, and became so sensitive that it was
almost impossible to restore the original high resistance by
f^hil.

Mag., January, ]894.

q2
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Consequently, a perfect or Sprengel vacuum -w
preferred to hydrogen.
Almost any filings tube could dete
signals from a distance of 60 yards, with a mere six-ini
tapping.

sphere as emitter and without the slightest trouble, but
single-point coherer

any

was usually much more

tl

sensitive thi

Mr. Shelford Bidwell has also worked wi

filings tube.

varieties of powder.

by hand, and f
optical experiments this is still, perhaps, the most convenie
plan but automatic tappers were very soon arranged, ju
an electric bell mounted on tl
as with the old knobs
base of a filings tube {see page 31) was not found ve
at first performed

The tapping back was
;

;

satisfactory, however, because of the disturbances caused

the

little

sparks at

its

]

contact breaker, to which the pi

had

respond
a clockwork tapper, consisting of a rotating spoke whe
driven by the clockwork of a Morse instrument, and giving
vious coarser knob-arrangements

failed to

the filings tube or to a coherer a series of jerks occurring
regular intervals, to imitate what the writer supposed mu
occur in the eye,

viz.,

a restoration to sensitiveness after

interval corresponding to the persistence of impression,

Many

j

w

were shown at a Fride
evening lecture at the Eoyal Institution on June 1, 1894, wbi
others were shown the same autumn at the B.A. meeting
Oxford.
In both cases signalling was easily carried on from
also employed.

of these things

distance through walls and other obstacles, an emitter beir
outside and a galvanometer detector inside the room.

Distani

without obstacle was no difficulty in these experiments, onlyfn
distance

is

not very easy to get in a town, and stupidly enoug

no attempt was made to apply any but the feeblest powi
so as to test

how

far the disturbance could really be detectei

Mr. Eutherford, however, with a magnetic detector of h
own invention, constructed on a totally different principl
and probably much less sensitive than a coherer, did make tl
attempt and succeeded in signalling across half a mile, fn
of intervening streets and houses at Cambridge.*
Numbers of people have worked at the detection of Her
waves with filing tube receivers, and every one of them mu
bave known that the transmission of telegraphic messages
i

* Phil. TranB.^ 1897, A.,

communicated

to the

Royal Soc, June, 1896,
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was but a matter of demand
and supply
Sir W. Crookes, indeed, had already clearly
stated this telegraphic application of Hertz waves in the
Fortnightly Review for February, 1892, and refers to certain

way over moderate

fcbis

distances

;

experiments already conducted in that direction,* the details

which are unknown to the writer (but see Appendix I.).
There remained no doubt a number of points of detail, and
considerable improvements in construction, if the method was
ever to become practically useful
but these details could
safely be left to those who had charge of the Government
monopoly of telegraphs, especially as their eminent Head was

of

;

known

to be interested in this kind of subject.

Meanwhile the optical developments of the matter excited
most interest among physicists, both here and on the
continent
the writer performed some experiments of the
kind. Prof. Righi at Bologna performed many more, and
of
Calcutta, repeated
Prof. Ohunder
Bose,
several
of
them with additions and improvements, using as detector
a sort of half-way house between a point coherer and a
filings tube by squeezing a few rolls or spirals of wire
between a point and a micrometer screw. Restoration to sensitiveness was in this case achieved by relaxing the pressure of
the screw, and the writer has not found Bose's form of coherer
specially convenient
but Prof. Bose's whole apparatus, conetructed as it was precisely on lines published by the writer,
was well designed in detail and exceedingly compact, being on
the scale of an ordinary goniometer; and with it many
experiments familiar in ordinary optics could readily be shown
;

;

with

electric radiation.

In
it

all

the optical experiments

was customary

made by any of

these observers

to place the axis of the emitter either hori-

words to emit
rather altitude), and to

or vertically, or inclined, in other

zontally,

radiation polarised in any azimuth (or

arrange the collecting part of the receiver to correspond or
otherwise, according as response or no response was desired.

on

were the easiest
and the most instructive that could be made with the
definite kind of radiation now for the first time at command.
In

fact,

*

observations

Quoted

in

polarisation

The Electrician " Notes," October

1,

1897
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The

rotation of the plane of polarisation, the conversion

i

plane into elliptical polarisation, the amount of radiation r
fleeted by substances at difierent angles and different aspec

with regard to the direction of vibration, were readily observe
Furthermore, ever since Hertz's first discovery, whenev
waves had to travel through a metal grid or alongside a plai
conductor, it was natural to arrange the electric oscillatioi

normal

so as to be

to the conducting lines or plane, for

they were tangential they excited electric currents therei:
and their energy became wasted in the production of hea
So, in so far as earth and water are conductors,

it is

desirab

to use radiation polarised in a horizontal plane,

i.e.,

with

tl

electric oscillations vertical, if considerable distances are to

traversed by

With

1

it.

respect to an explanation

why metallic cohesion

caused under electrical influence, the following consideratioi
are offered

:

Mr. RoUo Appleyard made a liquid coherer of two globul
or pools of mercury, side by side and touching, but kept apa
by a thin film of grease, such as is easily given by a coat
Connecting up a battery cell to these mercui
paraffin oil.
pools through a key, he found that every time the key
depressed the pools move together and become one he poin
out moreover that mercury globules shoot out a tentac
;

towards the positive terminal (on the principle of the capilla
electrometer, of course), and this must be taken into accou:

any coherer theory.* Lord Rayleigh also devised ai
exhibited a liquid form of coherer. It is interesting to obser's
as he points out, that in a mercury form of coherer
appreciable time interval occurs between the depression of tJ
key and the amalgamation of the mercury, the lag looking
if a film had to be mechanically squeezed out between tl
oppositely- charged mercury surfaces, and as if this took a pe
in

i

i

ceptible fraction of a second to accomplish.

This experimei

conveys the useful suggestion that cohesion

may

in all cas

be the result of electrostatic attraction, and that the moleculi
films separating solids in contact may thus also have to
1

squeezed out, though as they only touch at single points su(

May and July, 1897. He also shows electrical cohesion
an emulsion of oil and water, the two liquids, thoroughly ehakeu up,
once separating when exposed to strong elecirical influence.
* Phil. Mag.,
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extrusion

is

almost instantaneously achieved.

likely be the chief cause, for
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This

may very

although a true electro-chemical

extension of the range of cohesion between polarised molecules

had seemed

now

to the writer to be a possible explanation also,

perceives that the electrostatic force alone

may

be

he

suffi-

For it is easy to calculate the force of attraction
between two surfaces differing in potential by a volt, and
separated from one another by the smallest known thickness of
cient.

thin film (which

is 10"''

centimetre, or 1 millimicron, called

/x /a

by microscopists) such force per unit area would be given by the
square of the potential gradient divided by Stt, that is, it would
;

amount

—
1

to

—

/10''\2
(

j

dynes per

equals 44 atmospheres, and

is

square centimetre, which

a very considerable pressure.

A

hundred times this attractive pressure would exist if the
surfaces were within really molecular distance of each other in
addition to the force of true cohesion which would then, still
more powerfully, operate but the film thickness assumed
above is such as would just prevent the force of cohesion from
effectively acting across the gap, and would leave the electrical
attraction due to the one volt alone.
Three and a-half volts
could therefore squeeze metals together with a force equal to
a ton load per square inch, and might thus be sufficient to
cause them to weld or unite, especially if the electric stimulus
simultaneously acted in any way as a flux, by reducing the infinitesimal tarnish of oxide or other compound which must be
supposed normally to cover them.
In so far as the approximate contact is not between
surfaces, but between points consisting of relatively few molecules, the attractive pressure is greater rather than less.
Thus to take an extreme case, the attraction between two
oppositely-charged molecules differing only by a volt from
each other, and separated by a thin film like the black spot of a
soap-film whose thickness was so admirably measured by Profs.
Eeinold and Riicker, is over 1,000 atmospheres in intensity.
;

;

These differences of potential across thin films cannot continue
for any time, unless a battery is used, for the films do not really
insulate; they are able however to act as dielectrics for an
instant, and to be burst with what we must be allowed to call a

though an infinitesimally small one, if the momentary
strain caused by the impulsive rush of electricity is too great

spark,

—
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APPENDIX

I.

PROF. HUCxHES'S OBSERVATIONS.

An

account of the history of the coherer principle would

not be complete without a reference to an interesting reminiscence of early observations recently put on record by the

At each stage of his observacohesion between metals the author was

discoverer of the microphone.
tions of electrical

confronted by a reference to some earlier observations of Prof.

Hughes, and he felt sure that during the work on the microphone many or all of the phenomena he was then observing
must have been previously encountered by Prof. Hughes.
No full account was at that time available, however, but now
it is clear that the observations were made (like some of
Edison's on what he called etheric force, and like the
very remarkable still earlier ones of Joseph Henry) before
the time of Hertz,

when

the existence of electric waves able

was unlooked

to excite sparks or perform other energetic acts
for

and not

clearly understood.

Nevertheless, at this early period

Hughes

it

is

clear

that Prof.

observed, though he did not follow up the observation,

not only the occurrence of electric waves or impulses in space,

but also the coherer method of detecting them in fact, that
he unwittingly made the earliest experiments on wireless
;

telegraphy by this plan.

The simplest way

is

to quote Prof.

Hughes's

letter to

Fahie from The Electrician, May 5, 1899,
beginning with Mr. Fahie' a letter as an introduction
J. J.

Extract from recent

"

letter

from Mr.

J. J.

Fahie

to

p.

Mr.
10,

:

Prof. Hughes,

have now in the press a history of
Wireless Telegraphy from 1838 to 1899, and in writing to Sir
William Crookes for information he tells me that many years

Dear Peof. Hughes

:

I
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ago he saw some experiments of yours with the microphone,
in which you signalled from one part of a house to another
without connecting wires, and he desires me to refer to you
for particulars.

I think, with Sir William, that

a pity

it is

you have not hitherto published your results, and I sincerely
hope jou will now do so. If also you would kindly favour me
with a short account,

which

is

now

I

could find room for

in the printer's hands.

it

in

my

— Sincerely yours,
J. J.

''

Claremont

book,

Hill, St. Helier's, Jersey, April 26,

Reply from Prof. D. E. Hughes
40, Langham-street,

:

Fahie.

1899."

—

W., April

29, 1899.

In reply to yours of the 26fch inst., in which you
say that Sir William Crookes has told you " that he saw some
experiments of mine on aerial telegraphy, in about December,
1879, of which he thinks I ought to have published an

Dear Sir

:

account," and of which you ask for some information, I beg
to reply with a few leading experiments that I

subject from 1879

" In

1879,

up

1886

to

that at

some time

this

:—

being engaged

microphone, together with

made on

my

experiments with my
induction balance, I remarked

upon

I could not get a perfect balance in the

induction balance, through apparent want of insulation in the

me

coils,

but investigation showed

some

loose contact or microphonic joint

portion of the circuit.

I

was
some

that the real cause
excited

in

then applied the microphone in the

and found that it gave a current or sound in the
telephone receiver, no matter if the microphone was placed
circuit,

direct in the circuit, or placed independently at several feet

from the coils, through which an intermittent
current was passing.
After numerous experiments, I found
that the effect was entirely caused by the extra current
produced in the primary coil of the induction balance.
''
Further researches proved that an interrupted current, in
any coil, through which an electric current was sent, gave out
at each interruption of the primary current, such intense
extra currents, that the whole atmosphere in the room (or in
several rooms distant) would have a momentary invisible
charge, which became evident if a microphonic joint was used
distance
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as a receiver to a telephone.

This led

me

to

experiment up

the best form of a receiver for these invisible electric wav(

which evidently permeated great

distances,

and through
found that

apparent obstacles, such as walls, &c.
I
microphonic contacts or joints were extremely

i

i

sensiti^^

Those formed of a hard carbon such as coke, or a combinatii
of a piece of coke resting upon a bright steel contact, we
very sensitive and self-restoring whilst a loose contact betwe
metals was equally sensitive, but would cohere, or remain
full contact, after the passage of an electric wave.
;

" The sensitiveness of these microphonic contacts in metf

has since been rediscovered by Mons. Ed. Branly, of Par:
and by Prof. Oliver Lodge, in England, by whom the name
coherer has been given to this organ of reception
but,
we wish this organ to make a momentary contact and r
'

'

;

cohere permanently, the

name seems

to

me

ill-suited for t

The most sensitive and perfect receiver that
made does not cohere permanently, but recovers

instrument.

have yet

:

original state instantly, and, therefore, requires no tappi]

or mechanical aid

to

the

separation of

the contacts

afi

momentarily being brought into close union.
*'
I "soon found that, whilst an invisible spark would produ
a thermo-electric current in the microphonic contacts (suj
cient to be heard in the telephone in its circuit), it was
better and more powerful to use a feeble voltaic cell in t
receiving circuit, the microphonic joint then acting as a rela
by increasing and diminishing the resistance at the contai
by the influence of the electric wave received through t
i

atmosphere.
" I will not describe the numerous forms of the transmitt(

made

which I wrote do\
in several volumes of manuscripts in 1879 (but these ha
never been published), most of which can be seen here at e
but I will confine myself now to a f(
residence at any time
I found that very sudden electric impuls(
salient points.
whether given out to the atmosphere through the extra curre
from a coil, or from a frictional electric machine, equal
affected the microphonic joint, the effect depending more on
sudden high potential effect than any prolonged action. Thus

and

receiver, that I

in 1879, all of

;

t.

spark obtained by rubbing a piece of sealing-wax was equal
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jar battery of the

same potential. The rubbed sealing-wax, or charged Leyden
jar, had no effect, until they were discharged by a spark,
and
it was evident that this spark, however feeble, acted upon

—

the whole surrounding atmosphere in the form of waves, or

which I could not at the time determine.
Hertz, however, by a series of original and masterly experiments, proved in 1887-9, that they were real waves similar
to light, but of a lower frequency, though of the same velocity.
In 1879, whilst making these experiments on aerial transmission, I had two different problems to solve 1st, What
was the true nature of these electric aerial waves, which

invisible rays, of

:

seemed, whilst not visible, to spurn all idea of insulation,
and to permeate all space to a distance undetermined. 2nd,
To discover the best receiver that could act upon a tele-

phone or telegraph instrument, so as to be able to utilise
(when required) these waves for the transmission of messages.
The second problem came easy to me, when I found
that the microphone, which I had previously discovered in
1877-8, had alone the power of rendering these invisible
waves evident, either in a telephone or galvanometer, and up
time I do not know of anything approaching the
Branly'a
sensitiveness of a microphonic joint as a receiver.
tube, now used by Marconi, was described in my first Paper
to the present

Koyal Society (May 8, 1878), as the microphone tube,
filled with loose fiHngs of zinc and silver, and Prof. Lodge's
coherer is an ordinary steel microphone, used for a different
purpose from that in which I first described it.
''During the long-continued experiments on this subject,
to the

between 1879 and 1886, many curious phenomena came out
which would be too long to describe. I found that the effect
of the extra current in a coil was not increased by having an
iron core as an electromagnet

— the

rapid and, therefore, less effective.

extra current

A

similar

was

effect

less

of a

The material
delay was produced by Leyden jar discharges.
of the contact-breaker of the primary current had also a great
the current was broken between two, or one,
piece of carbon, no effect could be perceived of aerial waves,
even at short distances of a few feet. The extra current from
effect.

Thus,

if

a small coil, without iron,

was as powerful

as

an intense spark
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from a secondary coil, and at that time my experiments
seemed to be confined to the use of a single coil of my induction
balance, charged by six Daniell cells.
With higher battery
power, the extra current invariably destroyed the insulation
of the coils.

In December, 1879, I invited several persons to see the
results then obtained.
Amongst others who called on me and
saw my results were
**
December, 1879.— Mr. W. H. Preece, F.R.S. Sir William
Prof. W.
Crookes, F.R.S.
Sir W. Robert Austen, F.R.S.
Gryll Adams, F.R.S. ; Mr. W. Groves.
" February 20, 1880.— Mr. Spottiswoode, Pres.R.S. Prof.
Huxley, F.R.S.
Sir George Gabriel Stokes, F.R.S.
"November 7, 1888.— Prof. Dewar, F.R.S.; Mr. Lennox,
Royal Institution.
**
They all saw experiments upon aerial transmission, as
already described, by means of the extra current produced
from a small coil and received upon a semi-metallic microphone, the results being heard upon a telephone in connection
with the receiving microphone. The transmitter and receiver
were in different rooms, about 60ft. apart. After trying
successfully all distances allowed in my residence in Portlandstreet, my usual method was to put the transmitter in
operation and walk up and down Great Portland-street with
the receiver in my hand, with the telephone to the ear.
" The sounds seemed to slightly increase for a distance of
60 yards, then gradually diminish, until at 500 yards I could
no longer with certainty hear the transmitted signals. What
struck me as remarkable was that, opposite certain houses, I
could hear better, whilst at others the signals could hardly be
Hertz's discovery of nodal points in reflected
perceived.
waves (in 1887-9) has explained to me what was then con*'

:

;

;

;

;

;

sidered a mystery.

At Mr. A. Stroh's telegraph instrument manufactory, Mr.
Stroh and myself could hear perfectly the currents transmitted from the third story to the basement, but I could not
''

detect clear signals at

my

residence about a mile distant.

The

innumerable gas and water pipes intervening seemed to absorb
or weaken too

from a small

much

coil.

the feeble transmitted extra currents
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Eoyal Society, Mr. Spottiswoode,
together with the two hon. secretaries, Prof. Huxley and Prof.
G. Stokes, called upon me on February 20, 1880, to see
my experiments upon aerial transmission of signals. The
experiments shown were most successful, and at first they
seemed astonished at the results, but towards the close of
three hours' experiments Prof. Stokes said, that all the results
could be explained by known electromagnetic induction effects,
and therefore he could not accept my view of actual aerial
electric waves unknown up to that time, but thought I had
quite enough original matter to form a Paper on the subject
to be read at the Koyal Society.'
of the

'

" I was so discouraged at being unable to convince

them

of

the truth of these aerial electric waves, that I actually refused

Paper on the subject, until I was better prepared to
demonstrate the existence of these waves and I continued
my experiments for some years, in hopes of arriving at a
to write a

;

demonstration of the existence of aerial
electric waves, produced by a spark from the extra currents in
coils, or from frictional electricity or secondary coils.
The

perfect

scientific

triumphant demonstration of these waves was reserved to Prof.
Hertz, who by his masterly researches upon the subject in
1887-9 completely demonstrating not only their existence
but their identity with ordinary light, in having the power
of being reflected and refracted, &c., with nodal points, by
means of which the length of the waves could be measured.
Hertz's experiments were far more conclusive than mine,
although he used a much less effective receiver than the
microphone or coherer.
" I then felt it was now too late to bring forward my
previous experiments, and through not publishing my results,
and means employed, I have been forced to see others remake
the discoveries I had previously made as to the sensitiveness
of the microphonic contact, and its useful employment as a
receiver for electric aerial waves. Amongst the earliest workers
in the field of aerial transmission I would draw attention to the
experiments of Prof. Henry, who describes in his work, published by the Smithsonian Institute, Washington, D.C., U.S.A.,
Vol. I., p. 203 (date unknown, probably about 1850), that

he magnetised a needle in a

coil

?|it

SQft.

digtance,

and

94
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magnetised a needle bya discharge of lightning at eight miles
distance.

"^Marconi has lately demonstrated that by the use of the
Hertzian waves and Branly's coherer he has been enabled to
transmit and receive aerial electric waves to a greater distance

than previously ever dreamed of by the numerous discoverers
and inventors who have worked silently in this field.
His
efforts at demonstration merit the success he has received
and if (as I have lately read) he has discovered the means of
concentrating these waves on a single point desired without
diminishing its power, then the world will be right in placing
his name on the highest pinnacle in relation to aerial electric
telegraphy.

—Yours, &c.,

D. E. Hughes."
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II.

VARIATIONS OF CONDUCTIVITY UNDER
ELECTRICAL INFLUENCE.
The following
in

La Lumiere

is

Electrique of

May

The Electrician of June 26, 1891

The

M. E. Branly
1891, and is taken from

abstracted from an article by

object of this article

is

16,

:—
to

describe the first results

obtained in an investigation of the variation of resistance of

number of conductors under various electrical
The substances which up to the present have
influences.
a

large

presented

the

greatest

variations

conductivity

in

are the

powders or filings of metals. The enormous resistance
offered by metal in a state of powder is well known
indeed,
;

if

we

take a

somewhat long column

powder the passage of the current

The

increase in the

of very fine metallic

is

completely stopped.

by pressure of
well known, and has had

electrical conductivity

powdered conducting substances
various practical applications.

is

The

variations of conductivity,

however, which occur on subjecting conducting bodies to
have not been previously
various electrical
influences
investigated.

The

E-ffect

of

Electric

Sparks.

—Let

us

take

a circuit

comprising a single cell, a galvanometer, and some powdered
metal enclosed in an ebonite tube of 1 square centimetre cross

and a few centimetres long. Close the extremities of
the tube with two cylindrical copper tubes pressing against
the powdered metal and connected to the rest of the circuit.
If the powder is sufficiently fine, even a very sensitive
galvanometer does not show any evidence of a current
The resistance is of the order of millions of ohms,
passing.
although the same metal melted or under pressure would only
section

offer (the dinaensions

bein^ the same) a resistance equal to

ai
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ohm. There being, therefore, no current in the
circuit, a Leyden jar is discharged at some little distance off,
and the abrupt and permanent deflection of the galvanometer
needle shows that an immediate and a permanent reduction of
The resistance of the metal
the resistance has been caused.
is no longer to be measured in millions of ohms, but in
hundreds. Its conductivity increases with the number and

fraction of an

intensity of the sparks.

Some 20

from a circuit comprising some
metallic filings contained in an ebonite cup, let us place a
hollow brass sphere, 15 to 20 centimetres in diameter,
insulated by a vertical glass support.
The filings offer an
enormous resistance and the galvanometer needle remains at
But if we bring an electrified stick of resin near the
zero.
sphere, a little spark will pass between the stick and the
sphere, and immediately the needle of the galvanometer is
violently jerked and then remains permanently deflected. On
some fresh filings being placed in the ebonite cup, the resistor 30 centimetres

ance of the circuit will again keep the needle at zero. If now
the charged brass sphere is touched with the finger, there is a

minute discharge and
deflected.

easily be

galvanometer needle is again
With a few accumulators the experiment can

made without

the

a galvanometer.

The

circuit consists

some metallic powder, a platinum wire, and a
mercury cup. The resistance of the powder is so high that
the interruption of the circuit takes place without any
If now a Leyden jar is
sparking at the mercury cup.
discharged in the neighbourhood of the circuit the powder is
of the battery,

rendered conducting, the platinum wire immediately becomes
red hot, and a violent spark occurs on breaking the circuit.

The

influence

of

the

increases, but its influence

spark decreases as
is

the

distance

observable several metres

away

from the powder, even with a small Wimshurst machine.
Repeating the spark increases the conductivity ; in fact, with
certain substances successive sparks produce successive jerks,

and a gradually increasing and persistent
galvanometer.

deflection of the

—

a Conductor traversed hy Condenser Discharges.
While using a Wimshurst machine it was noticed that the
Influence of

reduction in the resistance of the filings frequently took place
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to the following experiment

Take a loDg brass tube, one end of which is close to the
its other end, several
circuit containing the metallic powder
metres distant from the circuit, is fairly close to a charged
Ley den jar. A spark takes place and the conductor is charged.
At the same instant, the conductivity of the metallic powder
;

is

greatly increased.

The following arrangement, owing
venience, and regularity of action

my

researches,

(see

Fig. 53).

iiiiiiii

and

to its

was used by

I shall briefly call

it

the

efficacy,

con-

me in most of
A arrangement

IIII.IIII

A'

K
Fia. 53

The source

of

electricity is

a

two-plate Holtz machine

driven at from 100 to 400 revolutions.
is

A

sensitive substance

introduced into one of the arms of a Wheatstone bridge, or

some
10 metres (34ft.) from the Holtz machine. Between the
discharge knobs of the machine and the Wheatstone bridge,
and connected to the former, there are two insulated brass

into the circuit of a single Daniell cell at a distance of

tubes,
apart.

may

A A',

running parallel to one another 40 centimetres
The Ley den jars usually attached to a Holtz machine

be dispensed with, the capacity of the long brass tubes

being in some measure equivalent to them.

The knobs S

were 1mm., -Smm., or 'Imm. apart. When the plates were
rotated sparks rapidly succeeded each other.
Experiments
showed that these sparks had no direct effect at a distance of
The two tubes A A' are not absolutely necessary,
10 metres.
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the diminution of resistance

is easily

produced

if

only one

is

employed, and in some cases, indeed, a single conductor is
more efficacious.
An increase in the speed of the machine
increases its action to a marked extent. The sparks at S may be
suppressed by drawing the knobs apart, but the conductor A will
still

continue to exert

its

influence, especially

if

there

is

a

spark gap anywhere about.
Efiects of Induced

Cinrmts.

— The passage of induced currents

through a sensitive substance produces similar effects to those

In one instance an induction coil was taken,
having two similar wires. The circuit of the secondary wire
was closed through a tube containing filings, the galvanodescribed above.

meter being also in

circuit.

Care was taken to ascertain

before introducing the filings into the circuit that the currents

on make and break gave equal and opposite deflections.
Filings were then introduced into the circuit, the primary
being made and broken at regular intervals. The following
table gives the results obtained in the case of zinc filings

:

Zinc Filings.

Galvanometer throws.

Galvanometer throws.
1°

1st closing

2nd

„

64°

3rd

„

146°

1st opening

2nd
3rd

Effects of Passing Continuous Currents of

18'*

100°

„

140°

,

High E.M..F.

—

If a

continuous current of high E.M.F. is employed, it renders a
The phenomenon may be
sensitive substance conducting.

shown

in the following

manner.

A

circuit is

made up

con-

and a galvanometer.
The E.M.F. of the battery is first one volt, then 100 volts,
then one volt. Below I give the galvanometer deflections
obtained with an E.M.F. of one volt for three different
substances before and after the application of the E.M.F,
sisting of a battery, a sensitive substance,

of 100 volts

:—

Before application of current.

16
1

After application of current.
100
15

500

In the case of some measurements taken on a Wheatstone
bridge a prism of aluminium filings interposed between two
copper electrodes offered a resistance of several miUipn

Qhmg
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E.M.F. was

350 ohms

applied, but only offered a resistance

after the application of this pressure for

The time during which

minute.
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one

the powder should be inter-

posed in the battery circuit should not be too short.

Thus, in

one instance, the application for lOsec. of 75 mercury sulphate
cells produced no effect, but their application for 60sec.
resulted in the resistance being reduced from several megohms

^-^^
ohms.
It should be observed that the phenomenon of suddenly
increased conductivity occurs, even if the sensitive substance
is not in circuit with a battery at the time it is influenced.
Thus, the metallic filings, after having been placed in circuit
with a Daniell cell, and its high resistance observed, may
then be completely insulated and submitted in this condition
to the action of a distant spark, or of a charged rod, or of
If, after this, the filings are replaced in
induced currents.
their original circuit, the enormous increase in their conductivity is immediately apparent.
The conductivity produced by these various methods takes
place throughout the whole mass of the metallic filings, and
A
in every direction, as the following experiment will show.
vertical ebonite cup containing aluminium powder (see Fig. 54)
is placed between two metal plates, A, B; laterally the powder
is in contact with two short rods, C, D, which pass through
A and B can be connected
the sides of the ebonite cylinder.
to two terminals of one of the arms of the Wheatstone bridge,
C and D being free, and vice versd. Whatever arrangement
is adopted, if a battery of 100 cells is joined up for a few

to 2,500

seconds with one or the other of the pairs of terminals, the
increase in the conductivity
direction,

and

is

is

immediately visible in that

found to exist also in the direction at right

angles.

Substances in which Diminution of Resistance has been Observed.

— The

substances in which the

increase of conductivity
iron,
zinc,

is

most

phenomenon

of the

sudden

easily observed are filings of

aluminium, copper, brass, antimony, tellurium, cadmium,
bismuth, &c. The size of the grains and their nature

are not the only elements to be considered, for grains of lead

same size, but coming from different quarters, offer at
the same temperature great differences in resistance (20,000

of the

s2

100
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to 500,000 ohms).

Extremely

fine metallic

powder, as a rule,

almost perfect resistance to the passage of a current.
But if we take a sufficiently short column and exert a
sufficiently great pressure a point is soon reached when the
offers

sudden increase in the conductivity.
Thus, a layer of copper reduced by hydrogen, which
does not become conducting under the influence of the electric
spark or otherwise, will become so on being submitted to a

electrical influence will effect a

pressure of 500

grammes

to

the square centimetre (71b. per

Instead of using pressure, I employed as a conductor in some experiments a very fine coating of powdered
copper spread on a sheet of unpoUshed glass or ebonite E
square inch).

(Fig. 55), seven centimetres long

and two centimetres broad.

Fia. 55.

A

layer of this kind, polished with a burnisher, has a very

variable resistance.

With

a

little

care one can prepare sheets

which are more or less sensitive to electrical action.
Metal powder or metal filings are not the only sensitive
substances, as powdered galena, which is shghtly conducting
under pressure, conducts much better after having been
submitted to electrical influence.
Powdered binoxide of
maganese is not very sensitive unless mixed with powdered
antimony and compressed.

Making use of the A arrangement, with very short sparks
at S (Fig. 35), the phenomenon of increased conductivity can
be observed with platinised and silvered glass, also with glass
covered with gold, silver and aluminiurn

foil.

Sonie of the
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These were
mixtures of colza oil and iron, or antimony filings, and of
Other
ether or petroleum and aluminium, and plumbago, &c.
mixtures were solid. If we make a mixture of iron filings
and Canada balsam, melted in a water bath, and pour the
paste into a little ebonite cup, the ends of which are closed
by metallic rods, a substance is obtained which solidifies on
cooling.
The resistance of such a mixture is lowered from
several megohms to a few hundred ohms by an electric spark.
Similar results are obtained with a solid rod composed of
fused flowers of sulphur and iron or aluminium filings, also
by a mixture of melted resin and aluminium filings. In the
preparation of these solid sensitive mixtures care must be
taken that the insulating substance should only form a small
mixtures employed had the consistency of paste.

percentage of the whole.

Some

interesting results are also obtained with mixtures of

when

sulphur and aluminium, and with resin and aluminium,

When

in a state of powder.

cold, these mixtures as a rule

do

not conduct either directly or after they have been exposed to
electrical influences,

but they become conducting on combining

pressure with electrical influences.

Thus, a mixture of flowers
of sulphur and aluminium filings in equal volumes was placed
in a glass tube 24mm. in diameter. The weight of the mixture
was 20 grammes, and the height of the column 22mm. with
a pressure of 186 grammes per square centimetre (2-^lb. per
square inch).
The mixture is not conducting, but after
exposure to electrical influence, obtained by the A arrangement, the resistance falls to 90 ohms. In a similar manner
a mixture of selenium and aluminium, placed in a tube
;

99mm.

long,

was not conducting

until after

it

was exposed

to

the combined influence of pressure and electricity.

The following

one of the group of numerous experiments
A mixture of flowers of
of a slightly different character.
sulphur and fine aluminium filings, containing two of sulphur
to one of

aluminium,

35mm. long.
grammes per
applied.

is

It

is

By means

placed in a cylindrical glass tube
of a piston, a pressure of

20

kilo-

square centimetre (2841b. per square inch) was

was only necessary to connect the column for

lOsec.

to the poles of a 25 cell battery, for the resistance originally
infinite to be

reduced to 4,000 ohms.
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The arrangement shown
Bunsen

Two

rods of copper were oxidised in the flame
burner, and were then arranged to lie across

of experiment.

of a

in Fig. 56 illustrates another order

each other, as shown, and were connected to the terminals of
the arm of a Wheatstone bridge, the high resistance of the

due to the layers of oxide. Amongst the many
measurements made, I found, in one case, a resistance of
circuit being

80,000 ohms, which, after exposure to the influence of the
electric spark, was reduced to 7 ohms.
Analogous efifects are
obtained with oxidised steel rods. Another pretty experiment
is to place a cyHnder of copper, with an oxidised hemispherical
head, on a sheet of oxidised copper.

Before exposure to the

influence of the electric spark, the oxide offers considerable
resistance.

The experiment can be repeated

several times

by

Fig. 56.

merely moving the cyhnder from one place to another on the
oxidised sheet of copper, thus showing that the phenomenon
only takes place at the point of contact of the two layers of
oxide.

In conclusion, it may be worth noting that, for most of the
substances enumerated, an elevation of temperature diminishes
the resistance, but the effect of a rise of temperature

is

transient,

and is incomparably less than the effect due to currents of high
potential.
For a few substances the two effects are opposed.

A

by Mr. Branly in La Lumiere Electrique
was abstracted in The Electrician for August 21, 1891, as
second

follows

article

:

In a preceding article I showed that certain substances
undergo an increase in conductivity under various electrical
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and that these substances are numerous.

The

increase in conductivity varies with the energy of the exciting
source.

If

the electric influence

due

is

to the passage of a

continuous current, the increase in conductivity
greater

There
tivity

electromotive force

the
is,

of the

is

greater the

battery employed.

however, no proportionality, the increased conduc-

growing more rapidly than the number of

tending quickly to a

maximum.

If

cells,

and

the electric action consists

in the passage of discharge currents in metallic rods, as in

arrangement

A

(Fig. 53, p. 97), the conductivity increases with

the length of spark at S, and

it

also increases

brought nearer the sensitive substance.
are additive in their effects, although,

one has been very powerful, the

if

when

the rods are

Successive sparks

the action of the

resistance is

first

sometimes

almost immediately reduced to a minimum.
Restoration of Original Resistance.

—The conductivity causes

by the various electrical influences lasts somebimes for a long
period (24 hours or more), but it is always possible to make it
rapidly disappear, particularly by a shock.
The majority of substances tested showed an increase of
resistance on being shaken previous to being submitted to any
special electrical influence, but after having been influenced
The phenomenon
the effect of shock is much more marked.
is

seen with the metallic filings, but

best

it

can also be

observed with metalised ebonite sheets with mixtures of liquid
insulators and metallic powders, mixtures of metallic filings

and insulating substances (compressed
and finally with solid bodies.

or not compressed),

I observed the return to original resistance in the following

manner

:

— The

sensitive substance

and formed part
galvanometer.

was placed

at

K

(Fig. 53),

which included a Daniell cell and
At first no current passes.
Sparks are
S, and the needle of the galvanometer is
of a circuit

then caused at
permanently deflected.

On

smartly

tapping

the

table

supporting the ebonite cap in which the sensitive substance
is

contained, the original condition

When

is

completely restored.

the electric action has been of a powerful character,

employed for the purpose
of these shocks a hammer fixed on the table, the blows of
which could be regulated.

violent blows are

necessary.

I
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With some

substances,

when

feebly electrified, the return

seemed

to be spontaneous, although

return

of

the

restoration

of

galvanometer
the

original

surrounding trepidations, as
the

room

at a distance of a

it

needle

it

was slower than the

to

resistance

equilibrium.
is

attributable

to

walk about
shake a distant

was only necessary

few metres, or to

This

to

This spontaneous return to original resistance after
weak electrical action was visible with a mixture of equal parts
wall.

The restoration of
and tellurium powders.
resistance by shock was not observable so long as the electrical
influence was at work.
After having been submitted to powerful electric action,
shock does not seem to entirely restore substances to their
of fine selenium

original state, in fact, the substances generally

show greater

Thus, a mixture of colza oil
and antimony powder being exposed to the influence of
arrangement A, a spark of 6mm. was at first necessary to
break down the resistance, but after the conductivity had been
sensitiveness to electric action.

made

by means of blows, a spark of only 1mm.
was sufficient to again render the substance conducting.
Finely powdered aluminium has an extremely high resistance.

A

to disappear

powdered aluminium 5mm. long of 4 sq.
cms. cross-section, submitted to considerable pressure, completely stopped the current from a Daniell cell. The influence
of arrangement A produced no effect, but, by direct contact
with a Ley den jar, the resistance was reduced to 50 ohms.
The effect of shock was then tried, and after this the sparks
produced by arrangement A were able to reduce the resistance.
The following experiment is also of the same kind.
vertical

column

Aluminium

of

filings placed in a parallel ipidic

trough completely

and the resistance
offered to a single cell remained infinite after the trough had
been placed in the circuit of 25 sulphate of mercury cells for
lOsec
The aluminium was next placed in circuit with
a battery of 75 cells
a single Daniell cell was then able to
send a current through the substance. The original resistance
was restored by shock, but not the original condition of
things, since a single cell was able to send a current after
the aluminium had been circuited for lOsec. with a battery of
only 25 cells. I may add that if the restoration of resistance
stopped the current from a Daniell

;

cell,
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was brought about by a violent shock, it was necessary to place
the aluminium in circuit with 75 cells for one minute before
the resistance was again broken down.
It must be observed that electrical influence is not always
necessary to restore conductivity after an apparent return to
the original resistance, repeated feeble blows being sometimes

Both

successful ia bringing this about.

in the case of slow

return by time and sudden return by shock, the original value
Eods of Carre carbon,
of the resistance is often increased.
1

1mm.

metre long and

able for this

Return

to

were particularly notice-

in diameter,

phenomenon.
Original Resistance by Temperature Elevation.

—

plate of coppered ebonite rendered conducting by electricity,

and placed

close to a gas jet, quickly regained its original

A

and aluminium, or of sulphur
and aluminium, rendered conducting by connection to the
poles of a small battery will regain its original resistance by
shock
but if the conducting state has been caused by

resistance.

solid rod of resin

;

powerful means, such, for instance, as direct contact with a
Leyden jar, shock no longer has any effect, at least such a

shock as the fragile nature of
slight rise

By

material can stand.

"the

A

of temperature, however, has the desired result.

suitably regulating the electric action

is

it

possible to get

warmth

a substance into such a condition that the

of the

fingers suffices to annul conductivity.
Influence of Surroundings.

— Electric

action gives rise to no

when the substance is
The sensitive substance,

alteration of resistance

entirely within

a closed metal box.

in circuit with

a Daniell cell

and a galvanometer,

The absence

(Fig. 54, p. 97).
circuit broken,

and the box

then worked a

little

effect.

The same

way

is

of current

closed.

off,

placed inside a brass box

and

is

ascertained, the

A Wimshurst

will be

found

result will be obtained

if

to

machine is
have had no

the circuit

is

kept

Wimshurst machine is in operation.
some point to the circuit is passed out

closed during the time the
If a

wire connected at

through a hole in the box
influence of the

tapping the

to a distance of

20cm.

Wimshurst machine makes

lid to restore resistance

to

50cm., the

itself felt.

On

the galvanometer needle

remain^ deflected so long as the sparks continue to pass. If,
however, the wires are pushed in so that they only project a
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few millimetres, the sparks still passing, a few taps suffice to
bring back the needle to zero.
On touching the end of the
wire with the fingers or a piece of metal conductivity is
immediately restored. The movements of the galvanometer
needle were rendered visible in these experiments by looking
through a piece of wide mesh wire gauze with a telescope.
The respective position of the things was also reversed that
is to say, a Euhmkorfif coil and a periodically discharged
Leyden jar were placed inside, and the sensitive substance
outside, the box, with the same results.
In some later experiments with a larger metallic case
(Fig. 57), and with the Daniel cell, sensitive substance, delicate
galvanometer, and "Wheatstone Bridge placed inside, I found
;

Fig. 57.

that a double casing was

suppress

all effects.

A

necessary in order to absolutely
glass covering afforded no protection.

Consider atio7is on the Mechanism of the Effects Produced.

What

we

—

draw from the experiments
The substances employed in these investigations
described ?
were not conductors, since the metallic particles composing
them were separated from each other in the midst of an
It was not surprising that currents of
insulating medium.
high potential, and especially currents induced by discharges,
But as the
should spark across the insulating intervals.
conclusions

are

to

conductivity persisted afterwards, even for the weakest thermoinsulating

medium

is

some ground

supposing that the
transformed by the passage of the

electric currents, there is

for

BRANLTS EXPERIMENTS.
and that certain

current,

107

actions, such as shock

new

temperature, bring about a modification of this
the insulating
particles
particles,

body.

Actual

movement

and

the

of

rise of

state of

metallic

imagined in experiments where the
in a layer a few millimetres thick, were fixed in
cannot

an invariable

be

by extreme pressures, reaching
at times to more than 100 kilogrammes per sq. cm. (1,4201b.
to the square inch).
Moreover, in the case of solid mixtures,
in which the same variations of resistance were produced,
displacement seems out of the question. To explain the
relative position

persistence of the conductivity after the cessation of the electrical influence,

filings

a

partial

we

are

to suppose in

volatilisation

medium between

conducting

of

the case of metallic

the particles

the grains of metal

of mixtures of metallic powders,

?

creating

a

In the case

and insulating substances

agglomerated by fusion, are we to suppose that the thin
insulating layers are pierced by the passage of very small
sparks, and that the holes left behind are coated with
conducting material

?

If this

explication

is

admissible for

induced currents, it must hold good for continuous currents.
If so, we must conclude that these mechanical actions may be

produced by batteries of only 10 to 20 volts electromotive

an

force,

and which only cause

pass.

The following experiment

connection

A

insignificant
is

current to

worth quoting in this

:

was formed by a Daniell
meter, and some aluminium filings
circuit

cell,

a sensitive galvano-

an ebonite cup, The
galvanometer needle remained at zero. The filings were cut
out of this circuit, and switched for one minute into circuit
with a battery of 43 sulphate of mercury cells. On being
replaced in the first circuit, the filings exhibited high conductivity.
The result was the same when 10 or 20 cells were
employed, or when the current was diminished by interposing
in the circuit a column of distilled water, 40cm. long and

20mm.

The

in

used (platinum, sulphate of
mercury, sulphate of zinc, zinc) had a high internal resistance.
in diameter.

cells

when short circuited, only gave a
current of 5 milliamperes. The same battery, with the column
of distilled water in circuit only, caused a deflection of 100mm.
on a scale one metre off, with an astatic galvanometer wound
Thus, 43

cells

(60 volts),
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with 50,000 turns. We can, therefore, see how in6nitesimally
small the initial current must have been when the filings
were added to the circuit. The battery acted, therefore,

by virtue of its electromotive force.
If mechanical displacement of particles or transportation of
conducting bodies seem inadmissible, it is probable that there
essentially

modification
persisting for some time by virtue of a sort of " coercive

a modification of

is

force."

An

the insulator

electric current of

high potential, which would be

stopped by a thick

completely

the

itself,

insulating

sheet,

may

be

supposed to gradually traverse the very thin dielectric layers
between the conducting particles, the passage being effected
very rapidly
if

if

the electric pressure

the pressure
Increase

great,

and more slowly

is less.

Resistance.

of

is

— An

increase

of

resistance

was

observed in these investigations less often than a diminution
nevertheless,

enable

me

a

number

of frequently repeated experiments

to say that increase of resistance is

not exceptional,

and that the conditions under which it takes place are well
defined.
Short columns of antimony or aluminium powder
when subjected to a pressure of about 1 kilogramme per
square centimetre (14 'Sib. per square inch), and offering but
a low resistance, exhibited an increase of resistance under the
influence of a powerful electrification.
fairly

Peroxide of lead, a

good conductor, always exhibited an increase

;

so also

some kinds of platinised glass, while others showed alternate effects. For instance, a sheet of platinised glass, which
offered a resistance of 700 ohms, became highly conducting
after 150 sulphate of mercury cells had been applied to it for
This condition of conductivity was annulled by
lOsec.
contact with a charged Leyden jar, and reappeared after again
applying 150 cells for lOsec, and so on.
Similar effects were
obtained with a thin layer of a mixture of selenium and
did

tellurium

poured,

when

fused, into a groove in a sheet of

mica placed between two copper

plates.

These alternations

were always observed several times in succession, and at
intervals of several days.

These augmentations and alternations are in no way
incompatible with the hypothesis of a physical modification
of the insulator by electrical influence.
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III.

In connection with the branch of the subject dealt with on
page 34, the following communications from Prof. Elihu
Thomson and Dr. William J. Morton, M.D., which appeared
respectively in the Electrical Engineer, of New York, July 4

and October

Thomson

24,

writes

1894, will be read with interest.

Prof.

:

CURIOUS EFFECTS OF HERTZIAN WAVES.
In the issue of the London Electrician of June 8, 1894,
'* Hertzian
Waves at the Royal
under the heading,
Institution," the followiog remark occurs: "It is wholly
probable, as Dr. Lodge suggests, that Hertzian waves may
often have manifested themselves in physical laboratories to

the annoyance of the workers, &c."
I

may mention

remember the year
induction

coil,

in

this

connection that in

correctly,

one terminal of

1877,

if

I

RuhmkorfF
which was grounded and the

while working

a

other terminal of which was attached to an insulated metallic
body. Prof. Houston and I noticed that

passing between the terminals of the

only to obtain minute sparks from

when

coil, it

all

the sparks were

was possible not

metallic bodies in the

immediate neighbourhood, that is, in the same room, but that
delicate sparks could be taken by holding in the hand a small
piece of metal near metallic objects in many other rooms and
on different floors in the building, although the pieces were
not connected to ground. These could only have been
Hertzian effects, but there was no recognition of their true
character at the time, though the effects were seen to be
connected with the very quick charging and discharging of

An

account of these experiments was, I
think, published in the Journal of the Franklin Institute at
the insulated body.
the timCt
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coming under my notice within
the past year, a curious and rather amusing illustration of the
principle upon which the beautiful instrument for detecting
the presence of electric oscillations, devised by Dr. Lodge and
I desire also to mention, as

called

by him the " coherer,"

is

based.

was reported to me when in Philadelphia that a certain
electro-plater had found that he could not pursue his silver
plating operations during thunderstorms, and that if he left
his plating over night and a thunderstorm came up the work
was invariably ruined. I was disposed to be thoroughly
sceptical, and expressed my disbelief in any such effect.
Being urged, however, I went to the silver-plater's shop,
which was a small one, and questioned the silver-plater
himself concerning the circumstance which had been reported.
While it was evident that he was not a man who had informed
It

himself electrically, I could not doubt that, after conversing

with him, he had indeed been stating what was perfectly true,
namely, that when his operations of plating were going on

and a thunderstorm arose, his batteries, which were Smee
cells, acted as though they were short-circuited, and the
deposit of metal was made at too rapid a rate.
The secret
came out on an inspection of his connections. The connections of his batteries to his baths were made through a
number of bad contacts which could not fail to be of high
I could readily see
resistance under ordinary conditions.
that virtually he was working through a considerable resistance and that he had an excess of battery power for the
work.
Under these circumstances a flash of lightning would
cause coherence of his badly contacting surfaces, and would
improve the conductivity so as to cause an excessive flow of
current, give a too rapid deposit, and
as he put it—" make

—

the batteries boil."

The

Lodge's ingenious
instrument in the study of the waves which are propagated
incident suggests the use of Dr.

during thunderstorms, of which waves we have practically
little

or no information.

DB.

MORTON'S EXPERIMENTS.

APPENDIX
Dr. Morton's communication

III.

is

Ill

(continued).

as follows

:

HERTZIAN WAVES, CARBON MICROPHONES AND
"COHERERS."
About 18 months ago I put into use in my office the Vetter
method of controlling the strength of the current derived
from the Edison 110 volt system of electrical distribution.
The controlling devices were a 16 c.p. lamp and a pulverised
carbon rheostat.

up

By

these

means

a milliampere, or fraction

can be administered
to a patient {see diagram, Fig. 58, on next page).
On several occasions when the electrodes of the system
above described were permanently attached to some part of a
patient's person and a spark was being administered to another
patient seated upon a platform charged by an influence
machine, some 15ft. distant in the same room, the first
thereof,

to 100 or more, if desirable,

patient would exclaim and protest against receiving a con-

On

one occasion, when the continuous
current electrode was in the neighbourhood of a patient's
siderable

shock.

temple, the patient experienced the sensation of a flash of

muscular contractions were
produced, always simultaneously with the spark.
Also
upon the occurrence of the spark and shock the needle of
the milliamperemeter, a vertical one and calibrated to a wide
range of movement over 5 milliamperes, flew across the scale
from, for instance, 2 to 5 milliamperes and remained at the
higher reading. That a spark occurring 15ft. away should
cause a shock to a person in an independent circuit excited
light

my

;

on

other

occasions

wonder it was inexplicable and yet so certain to occur
that I was obliged to abandon the use of the two pieces of
apparatus at the same time,
;
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At

last,

when time

iriBES.

permitted, I set out to investigate.

I

sought for an ordinary induction circuit of parallel wiring
and found none. I then suspected the microphonic rheostat

carbon and having cut it out of circuit I
substituted for it a water rheostat.
The phenomena now
failed to occur.
Replacing the carbon rheostat and putting
of

pulverised

a telephone in circuit I adjusted the milHammeter to read

2 milliamperes, causing an assistant to evoke the distant

was now clear. At each spark the needle jumped
forward and a distinct telephone click was heard from the
spark.

All

I observed that the first

telephone receiver.

needle was the longest as well as the

first click

jump

of the

in the receiver

STREET MAfN

6 C. P.

STATIC
INFLUENCE MACHINE

LAMP

MILUAMPERE METER

PULVERIZED

CARBON RHEOSTAT

U TELEPHONE
RETURN CIRCUIT

GROUND

Fjc. 58.

the loudest, both needle
at

each

jump and

spark until

successive

twentieth to thirtieth.

To turn

click,

dying away gradually

they ceased at from the

the rheostat

oil'

and then on

again rendered the experiment repeatable. The reading of
the meter, best adapted to success, was about 5 milliamperes
though 20 to 50 yielded good results.

Unable
a

to furnish

any reason why the

distant spark should reduce

electric radiation of

the resistance of pulverised

carbon I refrained from publishing the bare observation in the
hopes of finding an explanation by further experimentation,
merely noting to friends the delicacy of the pulverised carbon
rheostat as a detector of Hertzian waves and

making some
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and a telephone receiver in

circuit

in this direction.

The

recent publication of the brilliant researches of Dr.

Lodge now makes the entire matter clear. Dr.
Lodge describes a new form of microphonic detector of
Hertzian waves, consisting of two or more pieces of fairly
clean metal in light contact and connected to a voltaic cell, a
Oliver J.

film of oxide of the metal intervening
*

between the surfaces,

so that only an insignificant current is allowed to pass."

He

writes:

*'Now

let

the slightest surging occur, say, by

reason of a sphere being charged and discharged at a distance
of 40 yards

;

the film

completely, that

at once breaks

a question of intensity

is

This detector. Dr. Lodge terms a

''

down

A bad

nuisance."

.

not

—but permanently."

coherer " because of the

partial metallic cohesion above described.

he says: "

—perhaps

Upon

this point

contact was at one time regarded as a simple

.

sound waves, and

.

it

"Hughes observed

sensitiveness to

its

became the microphone.

out to be sensitive to electric waves,
oxidisable metal (not of carbon)

if it

be

Now
made

it

turns

of

any

and we have an instrument

which might be called a micro-something but which, as it
The
appears to act by cohesion, I call at present a coherer."
cohesive result between the metallic surfaces is also referred
to as a "welding effect of an electric jerk."
In the volume
just published, entitled " The Work of Hertz and Some of
His Successors," reprinted from The Electrician^ London, this
added on p. 30 " FitzGerald tells me that he
has succeeded with carbon also."
My experiments would seem to fully demonstrate that
carbon as well as metals may act as coherers. At some
recent trials the editors of the Electrical Engineer were present
and were fully satisfied as to the swinging up of the needle of
the milliamperemeter and the click in the telephone receiver,
by repeated tests.
The experimental side of the subject has been so exhaustively and admirably presented by Dr. Lodge (detailed in the
foot note

is

:

what is here said has no more
than a secondary interest. But it may not prove amiss to
gather together all the evidence which tends to demonstrate
the influence of disruptive discharges upon neighbouring bad
publications referred to) that
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contacts conveying currents.

may

As Lodge points

out,

fuses

This has
blown out " in tbis manner.
occurred to me on a number of occasions with 10 ampere
fuses.
Under proper conditions of sparking surfaces and
circuit a short spark might suffice.

be

easily

May

'*

not also be the fact that the fuses melted during
thunderstorms in their neighbourhood are melted by reason
of the effect of the electric radiations or surgings of the
it

lightning stroke throwing a rush of the current already in
the circuit through the fuse rather than by the addition of

any new current to the circuit by the atmospheric electricity
In this connection Lodge writes: ''There are some
itself.
who think that lightning flashes can do none of these
secondary things. They are mistaken." In this as in other
directions the new facts have a practical bearing and a pursuit
of further experiments

may

lead, as often happens, to unex-

pected developments.

So

far as

carbon contacts are concerned and the fact that

mechanical motion, reduce their resistance, a curious problem is suggested as concerns the principle
An exclusive
upon which some carbon transmitters act.
monopoly of all carbon transmitters is based upon the claim
that the variations in resistance are produced by variations in
If my
pressure due to a mechanical force, viz., sound waves.
experiments, above detailed, are exact, two facts appear
Hertzian waves,

1.

like

That another form

of motion, ether vibration, causes a

variation of resistance of carbon contacts.
2.
is

That

it

remains to be proved that variation

the only means

of varying

the

current

of pressure

strength,

for

variation of molecular contact occurs in the present instance
without any evidence that it is due to variation of pressure.
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IV.

ON THE DISELECTRIFICATION OF METALS AND
OTHER BODIES BY LIGHT.
my

Eoyal Institution lecture, on
page 11, Messrs. Elster and Geitel have been good enough to
call my attention to a great deal of work done by them in the
Eeferring to a footnote to

same
work
it

To make amends

direction.
at the

better

time of

known

my Eoyal

for

ignorance of this

Institution lecture,

in this country, I

Papers as follows

my

make

and

to

make

abstract of their

:

—

Wiedemann's Annaleii, 38, p. 40.
" On the Dissipation
Negative Electricity by Swi- and Daylight.''

With

a view to Arrhenius' theory concerning atmospheric

electricity,

power

of

we arranged experiments on
and

of sunlight

the middle of

May

had observed the
failed to

find

the photo-electric

diffuse daylight at Wolfenbiittel

to the

middle of June, 1889.

effect of sunlight

;

Hoor alone

other experimenters had

but we find a discharging

it,

from

even in

effect

diffuse daylight.

We

take an insulated zinc dish, 20cm. diameter, connect

quadrant electrometer or an Exner's electroscope, and
expose it in the open so that it can be darkened or illuminated

it

to a

Sunlight makes

at pleasure.

300 volts in about 60 seconds.
is

The

retained.

the dark, and
glass.

But

A

A

positive charge of

much weakened by

300

volts

the interposition of

from the blue sky has a

the dish with water, or stretch a
action stops.

lose a negative charge of

dissipation of negative electricity ceases in

is

light

it

damp

distinct effect.

cloth over

it,

Fill

and the

freshly-scrubbed plate acquires a positive

charge of 2 J volts, which can be increased by blowing.

i2
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With

magnea permanent

freshly-cleansed wires of zinc, aluminium, or

sium attached to the knob of the electroscope,
Indeed,
negative charge is impossible in open sunlight.
magnesium shows a dissipating action in diffuse evening light.
Such wires act like glowing bodies. Exposing an electroscope
so provided in an open space

acquires a positive charge

it

from the atmosphere.
No abnormal dissipation of positive
electricity has been observed.
Wied, Ann.f 38^ p. 497,

Our

— Continuation of Same

Suhject.

success last time was largely due to the great clearness

of the sky in June,

and we wished

to see

same effect at the beginning of the winter.
The following is our summary of results
Bright

fresh

surfaces

of

if

we could

get the

:

the metals

zinc,

aluminium,

magnesium were discharged by both sun- and daylight when
and they spontaneously
they were negatively charged
acquired a positive charge, whose amount could be increased
by blowing.* A still more notable sensitiveness to light
is shown by the amalgams of certain metals, viz., in the order
;

of their sensitiveness, K, Na, Zn, Sn.

Since pure mercury

shows no

effect,

agent

the metal dissolved in the mercury.

is

the hypothesis

is

permissible that the active

following are the most active metals

K,

Na

If so, the

:

(Mg, Al), Zn, Sn.

All other metals tried, such as Sn, Cd, Pb, Cu, Fe,

Hg,

Pfc,

and gas carbon, show no action. The same is true of nearly all
non-metaUic bodies but one of them namely, the powder of
Balmain^s luminous paint acted remarkably well in sunlight.
Of liquids, hot and cold water, and hot and cold salt solution
;

—

were completely inactive

;

—

consequently wetting the surface of

metals destroys their sensibility to light.

The

illumination experiments can be arranged in either of

For experiments in free space we use zinc,
two ways.
aluminium, or magnesium wires, or small amalgamated
spheres of zinc provided with an iron rod.
With these it can
be easily shown that the illuminated surface of certain metals
act in the same way as a flame collector.
*

A f^ct noticed

by Bichat and Blondlot.
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For demonstration experiments the apparatus described*
is better, and with this we show the following
Amalgamated zinc, negatively charged, discharges almost
instantly in sunlight
and if near a positively-electrified body
:

;

charges

itself positively.

The same thing happens, though more slowly, in diffuse
daylight.
Ked glass stops the action, but the following let
Selenite, mica, window glass, blue (cobalt)
some through
:

—

glass.

X:Source of Light

B

er--i:

Screen'

oA
I

J

r

I

I

P

I

a'

0=

I'

Influence Machine.
Fig. 59.

—

Explanation of Fig. 59. B' is a brightly polished amalgamated zinc
plate attached to the negative pole of a Holtz machine, with the positive

knob from 6 to 10 centimetres distant. The source of a light is a strip of
burning magnesium ribbon 30 to 50 centimetres away. Whenever the
spark

is

checks

able just to choose the path

it

and

transfers the spark to

Wied. Ann.f 89, p. 832.

B

B'

,

light shining

on the zinc plate

A A'.

— On a Checking Action of Illumination

on Electric Spark and Brush Discharge.

between a brass knob and a
clean amalgamated zinc cathode, illumination of the latter by
If sparks are just able to occur

K

apparatus the mercury amalgams of
and Na are run through
a fine funnel, so that the freshly-formed surface of the drops may be
illuminated. Under these circumstances, while pure mercury fell from
*

In

thi'i

- 175 volts in SOsec, amalgam of zinc fell from - 195 to - 116
in 15sec., amalgam of sodium fell from - 195 to Q in lOsec, and an
amalgam of potassium fell from ~ 195 to in 5sec,
- 185

to

US
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uUra-violefc light

[This

tends to check them.

is

a curious

inversion of Hertz's fundamental experiment on the subject.

an effect I have not yet observed but Elster and Geitel's
arrangement differs from mine* in that the surfaces are at a
steady high potential before the spark, so that Jight can exert
its dischargiug influence, -whereas in mine the surfaces were

It is

at

;

zero potential until

Hertz's

occurred.

the spark-rush

arrangement was more like mine, inasmuch as he illuminated
the knobs of an induction coil on 'the verge of sparking. It
appears, then, that whereas the action of light in discharging
negative electricity from clean oxidisable metallic surfaces is
definite enough, its influence on a spark discharge differs

—in

according to the conditions of that discharge
*'
steady strain " it tends to hinder the spark
*'

sudden rush

"

it

tends to assist

Wied Ann., 41, p. 161.

— On

it.

— 0.

the use

of

;

cases of

in cases of

J. L.]

Sodium-Amalgam

in

P/ioto-electric Experiments.

Elster and Geitel have repeated

some

of Righi's experi-

ments on the discharge of negative electricity from metals in
rarefied air, and find, in agreement with him, that a reduction
of pressure to about one millimetre increases the discharge
velocity

about six or seven times.

sodium-amalgam exposed

They proceed

to

try

and
Such an arrangement

to daylight in exhausted tubes,

describe apparatus for the purpose.

simply cannot hold a negative charge in bright daylight, even
although it be unprovided with quartz windows.
Even
paraffin lamps and sodium flames exert some action.

They observe

that under the action of light the boundary

and glass changes, and the metal begins
They suppose that Warburg's vacuum
to cling to the glass.
tubes of pure sodium may behave similarly, and show photosurface of the metal

electric sensibility.

— On

a Checldng Action of Magnetism on
Pho'.o-Electric Discharge in Rarefied Gases.

The Same,

p.

The authors

166.

point out analogies between the above effects

and those they Lad observed in the action of glowing bodies
iu air, and they mention Lenard and Wolf's experiments
*

See Fig. 7, page 9
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Ann. XXXVII., p. 443), tendiog to show that the
effect is due to a disintegrating or evaporative effect of light
on surfaces. Elster and Geitel had observed that the
discharging power of glowing bodies was diminished by
application of a magnetic field, the effect being the same as if
and they proceed to try if the
the temperature was lowered
discharge of negative electricity from illuminated surfaces in
highly-rarefied gas could also be checked or hindered by a
Wiecl.

;

magnetic

field.

They

find that

it

can.

.To Electroscope.
Fi(i. 60.

—

Explanation of Fig. GO. The sodium and mercury are introduced
The tube S is then closed, a pump
through the tube S into the globe K.
applied to X, and exhaustion carried on for some days. T is an open

some vacuum tubes made by
Holtz) to show a curious unilateral conductivity of rarefied gaa. The object
of this funnel is to permit metal from the interior, free from scum, to be
Thus a bright surface
introduced from K to D when the whole is tilted.
It can be charged negatively, and its leak
is exposed to the earth ring R.
under illumination be measured, through the terminal D. Sometimes the
tube is inverted, so that the active surface may be at D', further from the
funnel sealed into the tube (as

is

done

in

earth wire.

Using the light from sparks admitted through a quartr

window into the vacuum tube when a negatively-charged
amalgamated zinc surface was exposed near an earth-connected
platinum ring, and between the poles of a small electromagnet, they found that when the tube was full of air at
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10mm.

JVIEES.

magnet had but little effect, but that at
0'15mm., whereas without the magnet the charge of -270 volts
disappeared completely in five seconds, when the magnet was
excited it only feU about half that amount in the same time.
With hydrogen at 0*24mm. the result was much the same, and
at either greater or less pressure in both cases the magnet had
less effect.
In oxygen the loss of charge was not quite so
rapid; and, again, at a pressure of O'lmm., 4he magnet more
than halved the rate. But in COg the rapidity of loss was
extreme,* Either at 1-lmm. or at 0-005mm. the charge of
pressure the

b-

o

I

tr

I

'

Fig. 61.

—

Explanation of Fig. 61, P is the plate of amalgamated zinc, and R is the
earth ring, as before. Ultra-violet light is introduced through a quartz
window Q from a spark gap r, The vessel has a joint at the middle, so
that the sensitiTe plate can be got at and changed.

Magnet

poles are

applied outside this vessel in various positions,

270 volts leaked away completely in two seconds when the
magnet was not excited but in the latter case (low pressure)
exciting the magnet reduced the speed by about one-half.
At
the pressure of llmm. the magnet di^^ not seem to
produce an effect. With daylight the results jtre similar.
;

'

Corresponding to the activity of this gas as found by Wiedemann

Ebert

(

an*!

Wied. Ann., XXXIII., p. 258), in their researches on the influence

of light on ease of sparking.
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meaning of the result, and its
bearing on the opposition hypotheses of Lenard and Wolf and
Lenard and Wolf's view is that the loss of negative
of Eighi.
electricity is due to dust disintegrated from the surface by the
action of light, but whose existence they consider is established
Eighi, on the other
by an observed effect on steam jets.

The authors then

discuss the

hand, believes that gas molecules themselves act the part of
electric carriers.

mag-

Elster and Geitel consider that the

them supports this latter view, it
a magnet acts on currents through

netic effect observed by

known

being
gases

;

tions

that

and they surmise that the impact

may

directly

assist

electric

light

of

interchange

vibra-

between a

gas molecule and the surface, by setting up in them syntonic
stationary vibrations, something like resonant

Leyden

jars.

remembered that phosphorescent substances, such
Balmiin's paint powder, exhibit marked photo-electric

It is to be

as

effect in daylight.

^
Fia. 62.

—A

simpler arrangement, like the one above
(Fig. 61), whereby clean liquid alkali metala can be introduced into the
experimental chamber B, from the preliminary chamber A, through a
cleansing funnel, F, which dips its beak into the interior.

Explmiation of Fig. 62.

The

unilateral character of the electric motion,

charging of neutral surfaces by

light,

and the

require special hypo-

an E.M.F. at the boundary of gases and
conductors, such as Schuster and Lehmann have made.
theses, concerning

Weii. Ann. 42,

j?.

S64.

—Note on a New Form

of Apparatus for

Demonstrating the Photo-electric Discharging Action of Daylight.

A vacuum

tube

experiments with

sodium
amalgam or pure sodium, or the liquid sodium-potassium
alloy, is described, with the aid of which a current (shown by
the charge of an electroscope) can be maintained by a dry
pile through the rarefied gas above the metal when it ia
illuminated from ordinary windows.
suitable

for
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JFieL Ann. dS,

Adion

p. 2.25.

— On

of Light on the

IVltiHS.

Dependence of the DiscJiarging
Nature of the Illuminated Surface.
the

Experiments also on differently-coloured

The

of results.

lights.

Summary

photo-electrically active metals arrange them-

—Pure

K

and Na,
pure Na. Amalgams of Eb, K, Na, Li, Mg (Tl, Zn); the
same as their voltaic order. With the most sensitive term of
the series a candle six metres off can be detected, and the
selves in the following order

K, alloys of

The

terms of the
series demand smaller waves, and even for potassium blue
No discharge of
light gives a much greater effect than red.

region of spectral red

positive electricity
jried.

Ann.

4^,

jp.

is

is

not inactive.

later

observable -with these substances.

722.

— On

the Dissipation of Electric

from Mineral Surfaces by

Charge

Sunlight.

Hitherto only Balmain's paint powder has been observed to

be active

among

non-metallic substances.

Now

they try other

phosphorescent bodies, and arrive at the following results
Fluorspar

and daylight,

is

:

conspicuously photo-electric, both in sunlight

especially the variety of fluorite called stinhfiuss.

Freshly-broken surfaces discharge

much more

rapidly than

old surfaces.

Blue waves, and not alone the
tible effect on fluorspar.
In a vacuum the mineral loses

and

its

its

photo-electric sensibility

Contact with

conductivity too.

have a percep-

ultra-violet,

damp

air restores its

Moistening with water weakens but does not
On the other hand, igniting the
destroy the sensitiveness.
mineral destroys both its photo-electric power and its exceptional phosphorescent property.
sensibility.

Distinct traces of photo-electric power are

shown by the

heavy spar, celestine,
arragonite, strontianite, calcspar, felspar and granite.
The hypothesis that the power of phosphorescing when
illuminated is approximately a measure of the discharging
power of light has been verified in many cases the exceptions
can probably be explained by the influence which the electrical
conductivity of the illuminated substance exerts on the rate of
discharge of electricity from its surface.
This agreement
confirms the view expressed by us on the occasion of experiments with Balmain's paint, that, during electrical discharge

following

minerals

also

:

Cryolite,

;
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by light, actioDS take place which are analogous to those of
resonance.

Messrs.

Wiedemann and Ebert

liad previously

been led by other considerations to the same conclusion.
"We are compelled by the results of the present experiments
to conclude that a more rapid discharge of electricity into the
atmosphere takes place in sunlight than in darkness from the
surfaces of the earth, which is composed of mineral particles
charged, as the positive sign of the slope of atmospheric
potential indicates, with negative electricity.

seems to us evident that there exists a direct electric
action of sunlight upon the earth, and that we have given
experimental evidence in favour of the theory put forward
by von Bezold and Arrhenius, according to which the sun
It

acts

on the earth, not by

electrostatic

or electro-dynamic

"-1.^
b

Fig. 63.

—

Explanation of Fig. 63.. Arrangement used by Elster and Geitel for exposing various phosphorescent minerals to daylight, while under inductive

They were put in powder in the tray P, and the transparent wiregauze N above them was charged positively from a battery. The metal
cover MM' could be removed and replaced at pleasure, and the effect ou a
By this method
delicate quadrant electrometer connected to P observed.
considerable tension can be got up on the mineral surface, notwithstanding
that it is close upon zero potential. The light effect depends on tension,

charge.

not potential.

which would involve difficulties of a
theoretical character, but through the medium of the electrical
We hope soon to establish the conforces of light waves.
action-at a-distance,

sequences of this theory in meteorology in another Paper,
giving the results of two years' observations on the intensity
of the

most refrangible rays of sunlight and

atmospheric potential.

of the slope of
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Ann., 48, p. 33 S.

IFied.

pheric Potential

—Experiments on

lriIi£!S.

the Gradient of

Atmos-

and on Ultra-Violet Solar Radiation.

and Geitel describe the observations they have made
for two years on solar radiation, at observing stations of low
and high altitude, as tested by its electrical discharging
power and they plot curves of such effective radiation for
days and months along with the curves of atmotpheric
These curves are of
potential observed at the same places.
much interest, and need study. Incidentally they find that,
of the whole effective solar radiation, 60 per cent, was
Elster

;

absorbed at altitudes above 3,100 metres 23 per cent, of
the remainder was absorbed in the layer between this and
;

a station at 1,600 metres; and 47 per cent, was absorbed

between this and 80 metres above sea level. Or, in other
words, of 236 parts which enter the atmosphere 94 reach
the highest observing station (Sonnblickgipfel), 72 the middle
one (Kolm-Saigurn), and 38 the lowest (Wolfenbiittel).
discuss the question as

how

to

far the

They

daily variation

of

magnetism is due to electrical currents in the
atmosphere excited by sunshine and other meteorological

terrestrial

matters.

[The Paper and plates are worthy of reproduction in

full in

the Philosophical Magazine.^

Ann., 46,

— On

Behaviour of Alkali Metal
Cathodes in Geissler Tubes; On Photo-Eledric Discharge in a

JVeid.

p. 281.

Magnetic Field; and

On

Currents in Potassium Cells

Eesults

:

—The

the

Measure of Photo-Electric
by mean^ of a Galvanometer.
the

resistance of a Geissler tube provided with a

cathode surface of pure alkali metal

is

diminished by the Ught

from the sparks of an induction coil especially when the
The resistance which
pressure is *1 to '01 mm. of mercury.
rarefied gas opposes to an electric current in a magnetic field
is greatest in the direction normal to the magnetic lines.
The changes of resistance effected by any kind of light in a
vacuum tube with alkali metal cathode can be measured
(A Daniell cell gives 100 divisions on a
galvanometrically.
Eosenthal galvanometer when coupled up through such an
illuminated tube, each division meaning about 10'^^ ampere.)
;
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B

CC

'

Fig. 64.

—

Explanation of Fig, 64'
A vacuum tube of rarefied hydrogen containing
alkali metal as cathode, say the liquid
Na alloy, or solid K or Na. A
spark gap at S serves as alternative path, and a stream of sparks can occur

K—

to the plate

P

in the dark.

But when

light falls on the surface

A

this

stream of sparks can cease, showing that the resistance of the vacuum tube
is

diminished.

N

Fio. 65.

—

Explanation of Fig. 65. Showing position of magnetic poles with respect
With the poles across the line of discharge,
to the vacuum tube discharge.
as in Fig. on left, excitation of the magnet opposes the leak from the surface. With the poles as in Fig. on right, the discharge is not much affected,
it is

even sometimes slightly increased.

Fig. 66.

Explanation of Fig. 66.

—Potassium

vacuum bulbs containing ^

milli-

metre of hydrogen mounted and connected to battery and galvanometer,
ftwd

arranged as a photo-electric photometer.
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Wied. Ann. 48, p. 625.
J

On

the Photo- Electric

Cowparison rf

Sources o/ Light.

Attempts to make such a potassium
Wied. Ann. 62, p. 433.

a photometer.

cell into

Further Photo- Electric Experiments.

Plates of platinum, silver, copper need exceedingly ultra-

show any photo-electric power zinc,
aluminium, magnesium show it for visible violet and blue
violet light before they

light

;

;

the alkali metals, in an atmosphere of rareJSed hydrogen,

advance their range of sensibility into the spectral red while
under the most favourable conditions they show a sensibility
only inferior to that of the eye itself. The authors now use
;

galvanometric methods of measuring the
electrometers,

The

(1)

and they

For long waves their
though rhubidium is far

lights-

Rb, Na, K
exceeded by the other two metals in white
is

;

(2) Illumination of a

normal

light.

plane alkali-metal cathode surface with

polarised light causes greatest discharge
is

:

three alkali metals Na, K, Eb, have different sensi-

order of sensibility

sation

instead of only

arrive at the following results

differently-coloured

bility for

effect,

to plane of incidence

;

if

the plane of polari-

and

least, if the

two

coincide.

[This

is

a

most remarkable observation.

Its probable

mean-

ing is that the electric oscillations of light are photo-electrically
effective in so far as

they act

;

they are normal to the surface on which

while electric oscillations tangential to the surface

are scarcely operative.

Different angles of incidence

tried before the proof is complete.
(3) Electric oscillations of

— 0.

must be

J. L.]

very short period, such as are

given by a Hertz oscillator, are commutated by illumination
in the presence of alkali metals in rarefied gas, so as to be

up a constant electric tension in the gas.
[A Zehnder tube* was used, and the momentary phases of
the oscillation during which the metal is negatively charged
are apparently taken advantage of by the illumination.]
(4) The photo-electric dissipation showed by powdered
fluorspar is dependent on the colour of the mineral, in such a
able to set

way
most

that the deepest blue, violet or green specimens are the
sensitive.
* See Fig. 13, p. 15.
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V.

photo-electhic researches op
m.

auguste righi.*

M. Eighi has observed the following facts (1) That ultraviolet rays reduce to sensibly the same potential two metals
:

placed near each other (plate and gauze parallel and close)

That several photo-electric couples of this kind can form a
battery
(3) That a simple metallic plate charges itself positively under the influence of radiation
(4) That a voltaic
arc formed with a zinc rod gives the strongest effect, while
the sun gives none.
(a) That certain gases and
Besides these facts he finds
vapours, such as coal-gas and CS^, absorb the active rays
(2)

:

;

:

—

strongly.

That if the discharging body
an electric windmill.

(b)

like

(c)

A

charges

film of

gypsum

is

discharging

its

conductors (ebonite and sulphur).
varnishes the action

recedes

jplate

effect

With

even on non-

glass, resin

and

or nearly nothing.

is feeble,

made with a copper gauze and a
phenomenon nearly disappears on varnishing

experiment

zinc plate, the

the gauze.

it

negatively on the side facing the negatively-

itself

If the

movable

interposed between gauze and

charged plate.
(d) Eadiation produces

{e)

easily

is

His hypothesis

is

that radiation produces con-

vection of negative electricity, the carriers being molecules
of air.

The carrying molecules move along the lines of force,
To show this he varnishes a
and throw electric shadows.
(/)

zinc cylinder, all except a generating line, charges
to 1,000 volts

with a dry

pile,

and places

it

it

negatively

parellel to a lar^ro

* Oom;ptes Ecndus, vol. 107, p. 559,
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narrow rectangular
portion insulated from the rest and communicating with an
electrometer.
Light only acts on the uncovered line of the
cylinder, and on turning the cylinder round the electrometer
is only deflected when it is exposed to some of the (circular)
lines of force emanating from the active Une of the cylinder.
(g) Eadiation charges positively an insulated metal, even
when it is an enclosure with walls of the same metal the
metal being certainly uncharged at the beginning of the
experiment. The same occurs with sulphur and ebonite. If
earth-connected

plane,

which

has

a

;

there

is

a feeble initial plus charge, radiation increases

it.

While the discharging power of radiation for negative
electricity is strongest with zinc and aluminium, and slower
with copper and gold, following the Volta series the E.M.F.
set up by radiation, when it charges things positively, is
greatest with gold and carbon, and less with zinc and
aluminium again following the Volta series, but inversely.
(i) K radiation falls on an insulated metal plate connected
with an electrometer, in an enclosure of the same metal, the
positive electrification shown by the deflection of the electrometer is greater as the plate is further from the walls of the
(h)

;

;

The

enclosure.

action stops

when

the metal has attained a

certain electric density, constant for a given metal

potential of a plate

is

naturaLy higher as

It is thus established that radiation acts

gas in contact with a conductor

;

its

;

capacity

on the

so the
is less.

particles of

they go away with a negative

charge, leaving phis on the conductor, until an electric density
sufficient to balance this action is attained.
(j)

It is

effect it is

probable that if the solar rays do not produce an
because of the absorbing action of the atmosphere.

one places a tube whose ends are glazed with
selenite between the source of light and the metals being
experimented on, the effects become sensibly stronger when

In

fact, if

the tube

is

exhausted.
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VI.

ELLIPTICALLY POLARISED ELECTRIC RADIATION.
Since the delivery of

on June

my

lecture to the

Eoyal Institution,

Herr Zehnder has published* a mode of getting
and circularly polarised electric radiation. He

1st,

elliptically

takes a couple of plane polarisiDg grids, such as are depicted

page 37, and places them parallel to each other at
distance apart with their wires crossed.

in Fig. 2]

a

little

,

two grids are close together they will act like wiregauze, reflecting any kind of polarised radiation equally but
if the warp and woof are an eighth-wave length apart, and
If the

;

the plane of the incident radiation

is

at 45° to the wires, the

the circumstances will, of
pair of grids acts, in fact,

* Ikrichte

Htf t

2,

June

A

change in
course, make it elliptical.
Such a
like a Babinet's Compensator.

reflected radiation will be circularly polarised.

der Naturforschenden Gescllschaft zu Freiburg
21, 1894.

i.

B.^

Bd. IX.
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VII.

ON MAGNETISATION PRODUCED BY HERTZIAN
CURRENTS; A MAGNETIC DIELECTRIC:*
BY M. BIRKELAND.

Two

was proved by conclusive experiments
that Hertzian waves travelling along an iron wire magnetise
transversely the very thin layer into which the alternating
current penetrates, and whose thicljness does not exceed some
thousandths of a millimetre. Once proved that alternate
magnetisation can be produced with such rapidity, other
*•

years agof

it

questions present themselves.

One

asks, for instance,

if it is

not possible to demonstrate in magnetic cylinders stationary

magnetic waves analogous to the electric stationary waves
along metallic wires."
The author finds that the conductivity of massive iron
makes it an unsuitable substance, and uses instead a mixture
of iron filings, or of chemically-obtained iron powder, with
paraffin, to which he somet mes adds powdered quartz.
This
he moulds into cylinders, and inserts as the core of a spiral
in an otherwise ordinary Hertz resonator.
Fig. 67 shows emitter and receiver drawn to scale
the
magnetic cores are introduced into the spiral A, and their
;

on the length of the resonator spark is observed. With
this arrangement of exciter the electric effect of the spiral is
negligeable, since it is well removed from electrostatic disturbance, and subject only to magnetic.
The spiral is of 12
effect

* Abstracted

from Comjdes Rendus, June

11, 1894,

and communicated

by Dr. Oliver Lodge.
t Why two years ago ? It was practically proved by Savart early in the
century, and has been observed over and over again since. However, it is
true that experiments have been more numerous and conclusive of late,
find have been pushed to very high frequencies,
0. J, I^

—

BIRKELAND'S EXPERIMENTS.
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micrometer

with
point and knob, and a pair of adjustable plates to vary the
capacity for purposes of tuning.
He employed 12 different types of cylinder, all about 20
well-insulated

turns,

is

a

centimetres long, and 4 centimetres diameter.
1.

2.

3

A
A

—

massive cylinder of soft iron.
bundle of fine iron wires embedded in paraffin.
cylinders of the agglomerate of chemically9. Six

reduced iron in powder and paraffin, containing respectively
5, 10, 15, 20, 25 and 50 per cent, of iron.

Then
10.

A

for control

experiments

:

cylinder of agglomerate of zinc powder in paraffin,

with 40 per cent, of zinc.

I

—

—

vxLaiaiiuMcaafist/

^A

*»

l.m

—

'jiiisiss^sissstssmx)

Fig. 67.

11.

A

cylinder of brass filings in paraffin, 20 per cent of

A

tube of glass, 4-5 centimetres diameter,

metal.
12.

filled

with

various electrolytes.

The manner

of observing

was as follows

(the experiments

were done in the laboratory of Hertz)
The resonator, with its spiral empty, was syntonised with
the exciter, and the maximum spark measured.
It was
between 4 and 9 millimetres long in these experiments.
Then one or other of the above cylinders was introduced and
the spark length measured afresh.
:

Cylinder

1

did

not

affect

the

maximum

spark-length.
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Cylinders 2

—4

former value
former value

;

reduced the

maximum

spark to y^th of

its

7 and 8 to Y^xr^h, and No. 9 to -.Juth of its
(viz., from 9 millimetres to -05 millimetre).

Nos. 10 and 11 had but a feeble action, and reduced the
spark from 8 to. 7 millimetres.
Tube No. 12, filled with distilled Water, scarcely affected the
ppark length

but the

the period of the secondary increases a

;

maximum

spark

is

little,

the same as before, once syntony

is

with dilute sulphuric acid,
containing 10, 20, or 30 per cent., the tube reduced the spark
considerably, in each case about the same, viz., from 9 to 1-3
Filled, however,

re-established.

(Currents induced by Maxwellian radiation in electro-

about.

had been already observed by J- J. Thomson.)
While trying to re-establish syntony between primary and
secondary, I found that the period of the resonator was
considerably increased by the cylinders 2
4, but that the
maximum spark length was much diminished. With the
cylinders Nos. 5
9 in the spiral, it was no longer possible to
establish syntony, " a fact which is certainly due to their
lytes

—

—

considerable
cylinder 9

towards

of

example,

and the space finds
exhausted of vapour in

in order to be transformed,

empty of energy as air is
presence of an absorbing substance.
"This absorption is probably due

ginous cylinders

;

to hysteresis in the ferru-

the development of Joulian heat, so typically

cylinder 12, being undoubtedly of the

cylinders 3

for

energy must converge rapidly

itself

shown by

Take,

energy.

electro-magnetic

:

it

absorption

— 9 as in Nos.

same order

in

10, 11.

probably by reason of this absorption that I have not
succeeded in establishing stationary magnetic waves in a cir-

"It

is

cuit of ferro-paraffin."
If

one of the

cj'linders

before introducing

out

;

;

but the

drums

lines, or

9, is

wrapped in tinned paper

into the spiral A,

its

action

is

completely

much as if the spiral A were partially shunted
maximum spark returns as soon as syntony is re-

it is

established.)
in

—

(These conducting cores dimmish the period of the

stopped.

resonator

it

2

To examine

of cardboard

this further

he enclosed the cylinder

having fine wires either along generating

along circular parallels.

The

latter susp'^nded the

action of an interior ferruginous cylinder, the former did not.

BIRKELANUS EXPERIMENTS.
To
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what depths the magnetism penetrated, Birkeland
inserted hollow ferruginous drums into A, measured their effect,
and then plunged solid cylinders into them to see whether the
find to

effect increased.

He

thus found that the magnetisation

easily traversed

7 millimetres thickness of the 10 per cent, ferro-paraffio, and
5 millimetres of the 25 per cent.

The substance

dieletric

on the theory of

The results obtained with our magnetic
new researches " such as the mechanical

dielectric invite

is

comparable to a

Poisson-Mossotti.
*«

to

—

force excited

by

waves on a delicately-suspended ferro-paraffin needle,
and the rate of propagation of Maxwellian waves through
such a substance.
electric
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ELECTRICAL AND KINDRED TRADES,
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This Directory and Handbook is well known throtjghouc the Electrical, Eaglneering, and Allied Trades in all parts of the World, and no expense is spared to
make the work really reliable. New names and corrections to existing entries in
the Directorial portion of the book are received up to the middle of January, no
Extra insercharge being made for inserting names, addresses, and occupations.
In addition to
tions are made in the Classified Trades' Section at verv low rates.
more than 600 pages of purely Directorial matter, the Handbook portion contains
a mass of interesting information, the great part of which cannot be obtained elsewhere, and in the Biographical Division appear over 300 sketches of the lives of
well-known men in the Electrical World, with many excellent Portraits.
Following are some of the Permanent Features of this indispensable
Reference Book, which has been aptly designated " the combined Kelly and
Whitaker of the Electrical Trades "
A Directory op the Professions and Trades connected with Electricity and its Applications :~
A
BRITISH DIVISION.
:

COLONIAL DIVISION.
CONTINENTAL DIVISION.
V
Alphabetically Arranged and Classifled
/
Trades and Professious.
ASIATIC 4tt AFRICAN DIVISION.
CENTRAL & S. AMERICAN DIVISION.
f
UNITED STATES DIVISION.
Summary of Electrical Events for the preceding year. Obituary Notices for the preceding year.
PATENTS, DESIGNS, AND TRADE UXUKS.— (Specially written.)
)

into

LAW OF ELECTRIC LIGHTING, of ELECTRIC TRACTION, &c., &.Q.— (Special.)
Revised Board of Trade Regulations Concerning the Supply of Electricity.
London County Council Regulations as to Theatre Lighting, Overhead V\ ires, Electric Meter Testing, (fee.
German High- Pressure Regulations.
Board of Trade Regulations as to Railways in Metal-Lined Tunnels
Rules and Regulations for the Prevention of Fire Risks arising from Electric Lighting British and Foretun—
[(Special.)
Lloyd's Suggestions for the Use of Electric Light on Board Vessels.
Electric Lighting and Electric Traction Notices for the year.
Provisional Orders and Licenses granted by the Board of Trade in the preceding year
New Companies Registered and Companies Wound Up in the preceding year.
CENTRAL LIGHTING STATION^S OF THE UNITED Kl^G\)OU.—{SpeciMy-Compiled Folding Sheet.)
COLOURED SKETCH MAP OF PROVINCIAL SUPPLY STATIONS, with System of Supply, &c. (Special.'^
DIGEST OF THE

:

A SHEET TABLE GIVING TECHNICAL PARTICULARS OF THE ELECTRIC RAILWAYS AND TRAMWa^S
IN THE UNITED KINGDOM.

.

Exports of Electrical Apparatus and Material.
Foreign Weights and Measures, with English Equivalents.
Colonial and Foreign Import Duties on Electrical Machinery and Xp^arafaa.— (Specially prepared.)
Table of Systems of Charging for Electric Current, "Free " Wiring, " Free " Lamps, Motors, <fec.
Wire Gauge Tables. Resistance and Weieht Tables. Comparative Price of Electricity and Gas.
Tables relating to Water Power, Hydraulic Heads, Rope Gearing, &c.
Sinking Fund Tables.
Electric Traction Tables ani Data. Carrying Capacity of Resistance Materials.
Notes on Illumination, Table and Curve of Hours of Lighting. Post Office Regulations. Electric Heating Table
TELEGRAPHIC COMMUNICATION^ between Great Britain, Colonies, and Jforeiga Countries. "^ /c.„,„-«;;
TELEGRAPH TARIFFS from the United Kingdom to all parts of the World.
yI-F^^JK
The Submarine Cables of the World. The Land Lines of the World. The World's Cable Eleet. j P^<^P(^'^'f

Telephone

Statistics.

BRITISH AND FOREIGN GOVERNMENTS, AND THE CHIEF OFFICIALS OF ELECTRICAL, ENGINEERING-

AND WORKS DEPARTMENTS. -(6?>e<;?;a/.)

Local Authorities and Chief Officers in London and Provinces, with Chairmen of Lighting Committees.— (Special.)
Post Office Telegraphs Chief Officials. Institution of Electrical Engineers : Offipers, Rules, <fcc.
List of Universities, Colleges, Schools, &c, (with Professors).
Institution of Electrical Engineers Benevolent Fund.
Soci^t^ Internationale des Electriciens, Verband Deutscher Elektrotechnischer, American Institute of Electrical
Engineers and other Foreign Electrical Societies Officials, <ftc.
Davy-Faraday Research Laboratory of the Royal Institution.
:

:

ELECTRICAL LIMITED LIABILITY COMPANIES, FINANCIAL PARTICULARS CONCERNING.—(Si>e<»aZ.)
DIRECTORY OF DIRECTOttS OF ELECTRICAL JOIN C STOCK UNDERTAKINGS -(Special.)
Principal British Electrical Patents expiring in the near future,
[profession, with 64 Portraits.
The BIOGRAPHICAL SECTION contains sketches of the careers of over 3no of the leading men in the Electrical
It will be seen at once from the above Abstract that no similar Ptiblication so effectively caters for tkit
Electrical Profession and the Allied Industries.
Digest of the Contents and other particulars of the last issue will be sent free on application.
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THEORY.
ELECTROMAGNETIC
By OLIVER HEAVISIDE.
EXTRACT FROM PREFACE TO VOL.

f.

EXTRACT FROM PREFACE TO VOL.

II.

.

i.

-+1,

This work is something approaching a connected treatise on electrical theory, though -without
the strict formality usually associated with a treatise. The following are some of^ the leading
points in this volume. The first chapter is introductory. The second consists of an outline scheme of
the fundamentals of electromagnetic theory from the Faraday -Maxwell point of view, with some
small modifications and extensions upon Maxwell's equations. The third chapter is devoted to
vector algebra and analysis, in the form used by me in former papers. The fourth chapter is
devoted to the theory of plane electromagnetic waves, and, being mainly descriptive, may perhaps be
read with profit by many who are unable to tackle the mathematical theory comprehensively.
I have included in the present volume the application of the theory (in duplex form) to straight
wires, and also kn account of the effects of self-induction and leakage, which are of some
significance in present practice as well as in possible future developments.

From

one point of view this volume consists essentially of a detailed development of the
mathematical theory of the propagation of plane electromagnetic waves in conducticg dielectrics,
according to Maxwell's theory, somewhat extended. From another point of view^ it is the
development of the theory of the propagation of waves along wires. But on account of the
imtportant applications, ranging from Atlantic telegraphy, through ordinary telegraphy and
telephony, to Hertzian waves along wires, the author has usually preferred to express results in
terms of the concrete voltage and current, rather than the specific electric and magnetic force©
belonging to a single tube of flux of energy.
The theory of the latest kind of so callted
wireless telegraphy (Lodge, Marconi, &c.) has been somewhat anticipated, since the waves sent up
the vertical wire are hemispherical, with their equatorial bases on the ground or sea, which they
run along in expanding. (See ^ 60, Vol. I. also § 393 in this volume.) The author's oM predictions
relating to skin conduction, and to the possibilities of long-distance telephony have been abundantly
verified in advancing practice
and his old predictions relating to the behaviour of approximately
distortionless circuits have also received fair support in the quantitative observation of Hertzian
waves along wires^^
_^^_
.

.

.

;
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MAGNETIC INDUCTION IN IRON AND OTHER METALS.
By

J. A.

SWING,

M.A., B.Sc,

Professor of Mechanism and Applied Mechanics in the University of Camhridgtf.

SYNOPSIS OF CONTENTS.
After an introductory chapter, which attempts to explain the fundamental ideas and the
terminology, an account is given of the methods which are usually employed to measure the
magnetic quality of metals. Examples are then quoted, showing the results of such measurements
for various specimens of iron, steel, nickel and cobalt. A chapter on Magnetic Hysteresis follows^
and then the 'distinctive features of induction by very weak and by very strong magnetic forces
are separately described, with further description of experimental methods, and with additional
numerical results. The influence of Temperature and the influence of Stress are next discussed.
The conception of the Magnetic Circuit is then explained, and some account is given of experiments which are best elucidated by making use of this essentially modem method of treatment.
The book concludes with a chapter on the Molecular Theory of Magnetic Induction, and the
opportunity is taken to refer to a number of miscellaneous experimental facts on which the
molecular theory has an evident bearing.
Strongly bound in Cloth, price 5s., posi free.

COMPREHENSIVE INTERNATIONAL WIRE TABLES
IFOR

ELEOTIilO
Bt w.

s.

OOOSriDXJOTOI^Sboult.

Giving very Full Particulars of Wires and Cables ranging from 2'26ln> to *OOtin> diameter, and
including Board of Trade, Standard, Birmingham, Brown and Sharpe, and Metric Gauges to the number of 469,
arranged in consecutive order according to cross-section, bo that when any conductor is sought the nearest sizes
in the other gauges can at once be found. Any No. of any one of the gauges named, Single Wire or Cable. cai>
be readily ascertained. Full particulars are given of Cross-section, Gauge, Weight and Resistance in EnpliBh,
American and Continental Units, one Table supplying the place of the various independent Tables whicb
jhuve hitherto been published. Great pains have been taken throughout these Tables tio ensuce acouracy.
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ELECTRIC LAMPS AND ELECTRIC LIGHTING.
By Prof.

J.

FLEMING,

A.

M.A., D.Sc, F.R.S., M.RI.,

Professor of Electrical Engineering in University College, London.

SYNOPSIS OF CONTENTS.
I —A

Retrospect over 25 Years—Present Condition of Electric Lighting— Chief Properties of an Electric
Current— Names of Electrical Units— Chemical Power of an Electric- Current— Hydraulic Analogies— Electric
Pressure— Fall of Electric Pressure Down a Conductor— Ohm's Law— Joule's Law— Units of Work and Power—
The Watt as a Unit of Power— Incandescence of a Platinum Wive— Spectroscopic Examination of a Heated
Wire- Visible and Invisible Radiation— Luminous Efficiency— Radiation from Bodies at Various Temperaturet
—Efficiency of Various Sources of Light— The G-low Lamp and Arc Lamp as Illuminants— Colours and WaveLengths of Rays of Light— Similar and Dissimilar Sources of Light— Colour-Distinguishing Power— Causes c
Colour—Comparison of Brightness and Colour— Principles of Photometry— Limitations Diie to the EyeLuminosity and Candle Power—Standards of Light—Standards of Illumination—The Candle Foot -Comparison
Bunsen Photometersof Sunlight and Moonlight— Comparison of Lights— Ritchie's Wedge— Rumford and
Investigations.
of
Spectro-Photometers-Results
Comparison of Lights of Different Colours—
II._The Evolution of the Incandescent Lamp— The Nature of the Problem— Necessary Conditions—
Allotropic Forms of Carbon— The Modern Glow Lamp— Processes for the Manufacture of the Filament— EdisonSwan Lamps—The Expansion of Carbon when Heated— Various Forms of Glow Lamps-Velocity of Molecules of
Gases—Kinetic Theory of Gases—Processes for the Production of High Vacua—Necessity for a Vacuuna— Mean
Free Path of Gaseous Molecules— Voltage, Current and Candle Power of Lamps— Watts per Candle PowerCharacteristic Curves of Lamps— Life of Glow Lamps— Molecular Shadows— Blackening of Glow Lamps—SelfLamps by AgeRecording Voltmeters— Necessity for Constant Pressure of Supply -Changes Produced
Smashing Point-Efficiency of Glow Lamps—Statistics of Age—Variation of Candle Power with Varying Voltage
—Cost of Incandescent Lighting— Useful Life of Lamps— Importance of Careful " Wiring —Average Energy
Consumption of Lamps in Various Places—Load Factors— Methods of Glow Lamp Ilium macion for Production
of Best Effects—Artistic Electric Lighting—Molecular Physics of the Glow Lamp— High Voltage LampsVarieties of Carbon—Densities and Resistances—Deterioration of Carbon Lamps— High Efficiency Lamps—
Recently Suggested Improvements.
^
,
,r„
t,,
a
m^,
n *.- i
III.— Forms of Electric Discharge -Vacuum Tubes— Sparking Distance— The Electric Arc -The Optical
Projection of the Arc- The Arc a Flexible Conductor— The High Temperature of the Arc— Non- Arcing MetalsLightning Protectors— The Distribution of Light from the Arc— Continuous and Alternatinc Current Arai—
the Carbons—"The
Voltage Required to Produce an Arc- The Physical Actions in the Arc— The Changes
of the Cratw
TemperatuTe
Arc—
The
of
the
Conductivity
Unilateral
Distribution of a Potential in the Arc- The
—Comparison with Solar Temperature—The "Watfs per Candle" of the Sun— Intrinsic Bnghtnesa and Diaapative Power of Heated Surfaces—Comparison of Glow Lamp, Arc Lamp and Sun in Respect of Brizhtness and
Radiation— Arc Lamp Mechanism— Arc Lamp Carbons—The Hissing of Ai'C Lamps—The Applications of Arc
Lamps— Inverted Arcs— Series and Parallel Arc Lighting— The Enclosed Arc Lamp.
-.
^,
IV.—The Generation and Distribution of Electric Current— The JIagnetic Action of an Electric uirrent—
The Magnetic Field of a Spiral Current—The Induction of Electric Currents—The Peculiar IMagaetic Property
of Iron-Iron and Air Magnetic Circuits -The Typical Cases of an Iron Conduit With and Without Air Gaps—
The Prototypical Forms of Dynamo and Transformer— The Transformation of Electrical Energy— Hydraulic
Illustrations— The Mechanical Analogue of a Transformer- The Mode of Construction of an Alternate Current
Transformer- The Fundamental Principle of all Dynamo Electric Machines— Alternating and pirect Current
Dynamos—Alternating Current Systems of Electrical Distribution— Description of the Electric Lighting Station
in Rome— The Tivoli-Rome Electric Transmission— Views of the Tivoli Station— Continuous Current Systems—
The Ihree-Wire System— Description of St. Pancras Vestry Electric Lighting Station—Liverpool, Glasgow and
Brussels Electric Lighting Stations—Direct Driven Dynamos— Alternating and Continuous Current Systems
Contrasted— Secondary Batteries—House and Maximum Demand Meters.
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ELECTRICAL ENGINEERING

FORMULA

&c.

By W. GEIPEL and H. KILGOUR.
With the extension of all branches of Electrical Engineering (and particularly the heavier
branches), the need of a publication of the Pocket-Book style dealing practically therewith
increases for while there are many such books referring to Mechanical Engineering, and several
dealing almost exclusively with the lighter branches of electrical work, none of these suffice for the
purposes of the numerous body of Electrical Engineers engaged in the application of electricity to
Lighting, Traction, Transmission of Power, Metallurgy, and Chemical Manufacturing. It is to
supply this real want that this most comprehensive book has been prepared.
Compiled to some extent on the lines of other pocket-books, tlie rules and formulae in general
use among Electricians and Electrical Engineers all over the world have been supplemented by
brief and, it is hoped, clear descriptions of the various subjects treated, as well as by concise
articles and hints on the construction and management of various plant and machineiy.
No pains have been spared in compiling the various sections to bring the book thoroughly up
to date ; and while much original matter is given, that which is not original has been carefully
Belected, and, where necef?sary, corrected. Where authorities differ, as far as practicable a mean has
been taken, the differing formulae being quoted for guidance.
;
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THEORY AND PRACTICE.

FLEMING,

M.A., D.Sc,

F.K.S.,

M.R.I.,

&a.

Professor of Electrical Engirieering at University College, London.
Since the first edition of this Treatise was published, the study of the properties and applications of
alternating electric currents has made enormous progress.
The author has, accordingly, rewntten the
.
greater part of the chapters, and availed himself of various criticiBma, with the desire of removing mistakes and
remedying defects of treatment. In the hope that this will be found to render the book still useful to the increasing numbers of those who are practically engaged in alternating- current work, he has sought, as far as possible,
to avoid academic methods and keep in touch with the necessities of the student who has to deal with the
subject not as a basis for mathematical gymnastics but with ^he object of acquiring practically useful knowledge.
.

.

SYNOPSIS OF CONTENTS OF VOL.
CHAPTER I.— Introductory.—Faraday's Electrical Researches—Faraday's Theories—Magneto-Electric
I.

Induction— Views of Maxwell, Helmholtz and Kelvin— Action at a Distance -The Electro-Magnetic Medmm—
Henry 'p investigations.
CHAPTER II.—Electro-Magnetic Induction.— Magnetic Force and Magnetic Fields—MagneticJForce
tiCJar Conductors— Typical Cases— Magneto-Motive Force and Magnetic Induction— Flux of Force- Magnetic
Itermeability— Lines of Induction -Faraday's Law of Induction— Electromotive Force Due to the Change of Induction—The Magnetic Circuit -Magnetic Resistance- Lines of Induction of Closed and Open Magnetic CircuitsFundamental Relations Between Magnetic Force and Magnetic Induction— Intensity of Magnetisation— Magnetic
Moment— Lines and Tubes of Magnetic Induction— Curves of Magnetisation— Permeability Curves— Determination of Permeability- Magnetic Hysteresis— Hysteresis Curves—H.B. Diagram— Effect of Temperature on Hysteresis—Electromotive Force of Induction— Graphical Representations— Electromotive Force of Self-induction.
III.—Tlie Tlieory of Simple Periodic Currents.— Variable and Steady Flow— Current
and Electromotive Force Curves— Fourier's Theorem— Mechanical Harmonographs- Mathematical Sketch of
Fourier's Theorem— Practical Application of Fourier's Theorem to the Harmonic Analysis of a Periodic Curve
Simple Periodic Currents and Electromotive Forces— Description of a Simple Periodic Curve—The Mean Value
of the Ordinate of a Sine Curve— The Square Root of the Mean of the Squares of the Ordinates of a Simple
Periodic Curve— Derived Curves— Inductance and Inductive Circuits; Inductance, Resistance and Capacity of
Circuits Inductive and Non-inductive Circuits—Faraday's and Henry's Experiments on Self-induction -Edlund's
and Maxwells Arrangement for Exhibiting Inductance of Circuits—Electro-Magnetic Momentum— Electrotonlc
State and Electromagnetic Energy— Co-elflcient of Mutual Induction; Energy of Two Circuits— The Unit of
Inductance— Value of the Self-induction in Henry's for Various Instruments- Current Growth in Inductive
Circuits— Analogy of Current and Velocity Change Fundamental Equations for Current Growth in Inductive
Circuits— Equation for the Establishment of a Steady Current in Inductive Circuits—Time Constant of an
Inductive Circuit— Logarithmic Curves— Instantaneous Value of Simple Periodic Current— Solution of Current
Equation— Impedance of Inductive Circuit— Relations of Impressed Electromotive Force, Current and Impedance— Qeomet'ical Illustrations— Impressed and Effecive Electromotive Forces— Clock Diagram of Electromotive Forces in Inductive Circuit— Triangle Representing Resistance, Impedance and Reactance of Circuit—
The Mean Value of the Power of a Periodic Current— Geometrical Theorem— Power Curves for Inductive and
Non-inductive Circuits— Experimental Measurement of Periodic Currents and Electromotive Forces— Wean
Square Value—Method of Measuring the True Mean Power Given to an Inductive Circuit—Theory of the
Wattmeter— Di ided Circuits— Important Trigonometrical Lemma Impedance of Branched Circuits Wattmeter Measurement of Periodic fower- Mutual Induction of Two Circuits of Constant Inductance—The
Flow of Simple Periodic Currents into a Condenser—Time Constant of a Condenser— Charging a Condenser
through a Resistance— Condenser equation— Annulmant of Inductance by Capacity— Representation of Periodic
Currents by Polar Diagrams -Initial Conditions on Starting Current Flow in Inductive Circuits— Complex
Periodic Functions— Apparent and True Power given to Inductive Ciicuits— Power Factor.
IV.- Mutual and Self-induction.— The Researches of Joseph Henry— Experiments with
Coils and Bobbins
Discovery of Self-induction—Mutual Induction— Induction at a Distance—Induction between
Telephone Circuits— Induction over Great Distances— Induced Currents of Higher Orders— Inductive Effects by
Transient Electric Currents— Magnetic Screening— Direction of Induced Currents— Various Qualities of an
Induced Current—Elementary Theory of Mutual Induction of Two Circuits— Theory of Induction Coil with NonMagnetic Core— Comparison of Theory and Experiment— Duratiou of Induced Currents Magnetic Screening
Action of Good-Conducting Masses— Faraday's and Henry's Experiments— Willough by Smith's Investigations on
Magnetic Screening— Doves Experiments and Henry's Views on same— The Reaction of the Secondary CuiTents
on tue Primary Circuit in the Case of an Induction Coil— Induction Balance and Sonometer— Transmission of
Alternating Currents through Conductors— Prof. Hughes' Experiments—Lord Rayleigh's Researches—Flow of
Current through Conductor- Surface Flow of Alternating Currents— Increased Resistance of Conductors for
Alternating Currents of High Frequency— Limiting Size of Conductors for Conveyance of Alternating Cun-ents—
Stephan's Analogies— Electro-Magnetic Repulsion— Elihu Thomson's Experiments— Electro-Magnetic Rotations.
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Various Transformers Taken off Various Alternators Open-Circuit Current of Transformers— Symmetry of
Transformer Curves— Harmonic Analysis of Transfoimer Curves Power and Hysteresis Curves Hysteresis
Curves of Various Transformers— Efficiency of Transformers— Efficiency Curves of Transformers Tables of
Efficiencies— Cunent Diagraijis of a Transformer- Tables of Complete Tests— The Power Factor— Open and
Closed Circuit Transformers— Magnetic Leakage and Secondary Drop Various Causes of Secondary DropDetermination of Magetic Leakage— Investigations of the Author and Dr. Roessler Form Factor and Amplitude
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M.K.I.,

&c.,

Professor of Electrical Engineering in University College London.
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SUBMARINE CABLE TESTING.
By H. K.

C.

FISHER

and

J.

C. H.

DAEBY.

The authors of this book have, for some years paf t, Vie^n engaged in the practical work of Submarine Cable
Test'ng in the Eastern Kxtension TelearaDh Company's service, fnd have emboilieii their experiTice in a Guide
for th^ use of those in the Telegraph service who riesire to qualify themselves for the examii'ationa which the
Cable Companies have iei.ently institutetl. To tho-e desirous "f entering the C iMe Service, Messrs. Fisher and
Darby's book is indispensable, as it is now necessary for probationers to i.iasa ihe.se examinations as part of the
qual iflcaMon for pervioe.
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Volume I.— THEORY.

Yolume II.— PR ACTICB.

^

primer
No.
21. The

primer
No.
1.

The

Effects of

an

Electric

Primers

Current.
2.
3.

Conductors and Insulators.
Ohm's Law.

6.

Primary Batteries.
Arrangement of Batteries.

6.

Electrolysis.

7.

Secondary Batteries.

8.

Lines of Force.

9.

Mag^nets.

4.

10. Electrical Units.

11.

The Galvanometer.

12. Electrical

Measuring- In
stnunents.

16.

The Wheatstone Bridge.
The Electrometer.
The Induction CoiL

16.

Alternating Currents,

17.

The Leyden

13.
14.

18. Influence

is

ple and correct language the present
state of electrical knowledge. Each
f rimer is short and complete in itself,
and is devoted to the elucidation of
some special point or the description
of some special application. Theoretical dltscuBsion is as far au possible
avo'ded, the principal facts being
stated and made clear by reference
to the uses to which they have been
put.
Both volumes are suited to
readers having little previous acquaintance with the subject. The
matter is brought up to date, and
the illustrations refer to instruments
and machinery in actual use at the
present time. It is hoped that the
Primers will be found of use whereever the want of a somewhat

22

and

Duplex

26.

27.

Motors.

24.
25.

28.

Transformers.

29.

The Arc Lamp.
The Incandescent Lamp.
Underground Mains.

30.
31.

32. Electric

Meters.

33. Electric

Light Safety De-

vices.

Electricity Committees of
Town CouncilB wiJl find the Primets
of grear. service. Artisans will find
the Primers useful in enabling
them to obtain clear notions of the
essential principles underlying the
apparatus of which they may be
CAllcd upon to take charge.

Machines.

Automatic

The Laying and Repair of
Submarine Cables.
Testing Submarine Cables,
The Telephone.
Dynamos.

23.

felt.

Jar.

Electric Telegraph.

Telegraphy.

popularly wriUen work on electricity
and its industrial applications, published at a popular price, has bewn

19. Lig-htning- Protectors.
20.

'

of "The Electrician
to briefly describe in sim-

The object

34.

Systems of Electric Distribution.

Transmission of

36. Electric

Energy.
36. Electric
37.

Thermopiles.

Electro-Deposition.

38. Electric

;

Traction.

Welding.

Issued a/nnuaily in March, price 3s., post free.

A DIGEST OF THE
OF ELECTRIC LIGHTING, ELECTRIC TRACTION,
AND OTHER SUBJECTS.
'

LAW

By

A. C.

CURTIS-HAYWARD,

B.A., M.I.E.E.

Being a full critical abstract of the Electric Lighting Acts, 1882 and 1889, of the Tramways Act, 1870, and of
the various documents emanating from the Board of Trade dealing with Electric Lighting and Electric Traction,
including the Kules as to the procedure in connection with applications to the Light B-ailway Commissioners
for Orders under the IJght Railways Act, 1896. The Digest treats first of the manner in which persons desiroUB
of supplying electricity must set to work, and then of their rights and obligations after obtaining Parliamentary
powers and gives in a succinct form information of great value to Local Authorities, Electric Light Contractors,
The Board of Trade Ke^ulations as to the Supply of Electrical Energy, the London County
<fec., up to date.
Council Begulations as to Overhead Wires, Theatre Lighting, &c., together with the Bye-laws enforced In
pursuance of Part II. of the Public Health Acts Amendment Act, 1890, by the various Urban Sanitary
Authorities are also given^
;

440 pp.

CORRECTION OF

Fourth Edition.

ERRORS IN

Price 7s. 6d.

CODE AND OTHER TELEGRAMS.
A

Containing; about 70,000 examples, many of which are the outcome of actual experience.
large proportion of the presumed errors in telegrams may be explained by a reference to these
Invaluable to Telegraph and Cable Companies, and to Commercial Houses using Code
pages.
Vocabularies.
I,

2 and

3,

Salisbury Court, Fleet Street, London, E.G.

t(

The Electrician" Printing and Publishing

Co., litd^

9

"THE ELECTRICIAN" SBKIKS—continued.
Price 12s. 6d., post free; abroad^ 13s.

MOTIVE POWER AND GEARING
A Treatise on the Theory and Practice of the Mechanical Equipment

of

Power Stations for Electric

Supply, and for Electric Traction.

By

TEEMLETT CARTER,

E.

C.E.,

650 pages, SOO llhistrations, Scale Dratvings

M.I.E.E.,

and Folding

Plates,

F.R.A.S.,
and

F.P.S. (Lond.), &c.

over 80 Tables of Engineering Data,

IN ONE VOLUME.

Part I.
Part IV.

— Introductory.
Part If. —The Steam Engine. Part III. — Gas and Oil Engines.
—Water Power Plant. Part V. — Gearing.
Part VI. — Types of Power Stations

This work presents to consulting engineers, contractors, central-station engineers, and
engineering students the latest and most approved practice in the equipment and working of
mechanical plant in electric-power generating stations. Every part of the work has been brought
and especially in the matter of the costs of equipment and working the
completely up to date
The treatise deals with Steam, Gas, Oil and Hydraulic
latest available information has been given.
and it deals with these severally from the three standpoints of (1) Theory,
Plant and Gearing
(2) Practice and (3) Costs.
;

;

"MoTR'E Power and Gearing for Electrical Machinery"

is a handbook of modern
practice in all parts of the world.
It offers to the reader a means of
comparing the central-station practice of the United Kingdom with that of America, the Colonies
or other places abroad and it enables him to study the scientific, economic and financial principles
upon which the relative suitability of various forms of practice is based, and to apply these
principles to the design or working of plant for any given kind of work, whether for electrical
supply or for electric traction. It is a treatise which should be in the hands of every electrical
engineer throughout the world, as it constitutes the only existing treatise on the Economics of
Motive Power and Gearing for Electrical Machinery.

electrical engineering

;

NEW EDITION NOW READY.
Over 400 pages, nearly 250

illustrations.

Price 10s. 6d., 2^ost free

;

abroad, lis.

ELECTRIC MOTIVE POWER.
By ALBION

T.

SNELL,

Assoc.M.Inst.C.E., M.I.E.E.

The rapid spread of electrical work in collieries, mines, and elsewhere has created a demand for a practical
book on the subject of transmission of power. Though much had been written, there was no single work dealing
with the question in a suflBciently comprehensive and yet practical manner to be of real use to the mechanical
or mining engineer; either the treatment was adapted for specialists, or it was fragmentary, and power work
was regarded as subservient to the question of lighting. The Author has felt the want of such a book in dealing
with his clients and others, and in " Electric Motive Power " has endeavoured to supply it.
In the introduction the limiting conditions and essentials of a power plant are analysed, and in the
The dynamo, motor, line, and details are
subsequent chapters the power plant is treated synthetically.
discussed both as to function and design. The various systenas of transmitting and distributing power by congathered from actual
tinuous and alternate currents are fully enlarged upon, and much practical informatio
The last two chapters deal exhaustively with the
experience, is distrilauted under the various divisions.
applications of electricity to mining work in Great Britain, the Continent .and America, particularly with
reference to collieries and coal-getting, and the results of the extensive experience gained in this field are
embodied.
In general, the Author's aim has been to give a sound digest of the theory and practice of the electrical
transmission of power, which will be of real use to the practical engineer, and to avoid controversial )poiDt3
which lie in the province of the specialist, and elementary proofs which properly belong to text-books on
electricity and magnetism.

To meet the convenience of Continental readers and others, the Author has prepared
in tabular form and in parallel columns the working equations used in this work in inchpo^mid-miriute and centimetre-gramme-second units, so that they may be readily used i&
either system.
1,

2 and

3,

Salisbury Court, Fleet Street, London, E.C^
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Price 5S., post free

abroad,

;

ISO pages and over 100

5S. 6cl.

illustrations.

THE LOCALISATION § FAULTS IN ELECTRIC LIGHT MAINS.
By

F.

CHAELES KAPHAEL.

Although the localisation of faults in telegraph cables has been dealt with fully in several
hand-books and pocket-books, the treatment of faulty electric light and power cables has never been
discussed in an equ;, lly compreliensive manner. Beyond a few short articles which have appeared
The condiin the technical journals from time to time, nothing has been written on the subject.
faults in
cases
two
the
different
in
tions of the problems presented for polution are, however, very
with
the
telegraph cables are stldom localised before their resistance has become low compared
resistance of the cable itself, while in electric light work the contrary almost always obtains. This
fact alone entirely changes the method of treatment required in the latter case, and it has been the
author's endeavour, by dealing with the matter systetnatically, and as a separate subject, to
adequately fill a gap wiiich has hitherto existed in technical literature.
The various methods of insulation testing during w^orking have been collected and discussed, as
;

these tests

may

be considered to belong to the Bubject.

Price Gs., post free

;

abroad 6S. 6cl.

THE POTENTIOMETER AND
(A

ITS ADJUNCTS.

UNIVERSAL SYSTEM OF ELECTRICAL MEASUREMENT.)

By W. CLAKK FISHEE.
The extended use of the Potentiometer System of Electrical Measurement will, it is hoped, be
sufficient excuse for the publication of this work, which, while dealing with the main instrument,
its construction, use and capabilities, would necessarily be incomplete without similar treatment of
the various apparatus which, as adjuncts, extend the range and usefulness of the whole system.
First, that which may be
Electrical testing may be said to have passed through two stages.
secondly, the adaptation of the same
called the elementary, in which first principles were evolved
But with the advent of electric lighting and
to the needs of the telegraph and cable engineer.
other undertakings, such testing might be said to have passed into the third or practical and commercial stage, where large quantities have to be dealt with, and where the old order of things
;

change th.

The engineer or practical man demands that he shall be shown results quickly, plainly and
accurately with » minimum of trouble, understanding, and consequently "Time," and on that

—

—

account prefers like all good mechanics to have one good instrument, which, once understood
and easily manipulated, can be used in a variety of ways to suit his needs. It is to this fact undoubtedly that the " Potentiometer " method of measurement owes iU poijularity. Its accuracy
Measurements made by it are universally accepted amongst engineers,
is rarely, if ever, impunged.
and it might be well termed a " universal " instrument in " universal " use.

Over 400 pages and 200 specially dravm

Illusvt acions.

Price 12s* 6dt, post free.

'

SUBMARINE CABLE-LAYING AND REPAIRING.
By H. D. WILKINSON, M.LE.E.,

&c.,

&c.

ThiB work describefl the procedure on board ship when removing a fault or break In a submerged cable
and the mechanical gear used in different vessels for this piu-pcse and coDsiders the best and most recent
practice as regards the electrical tests in use for the detection and localisation of faults, and the various
It gives a detailed technical summary of modern practice in Manudifficulties that occur to the beginner.
facturing, Laying, Testing and Repairing a Submarine Telegraph Cable, The testing section and details of
boardship practice have been prepared with the object and hope of helping men in the cable services who are
looking further into these branches
The description of the equipment of cable ships and the mechanical and
electrical work caiTied on during the laying and repairing of a submarine cable will also prove to some not
directly engaged in the profession, but nevertheless interested in the enterprise, a means of informing themselves as to the work which has to be done from the moment a new cable is projected until it is Eucceesfnlly
laid and workei.
The Chapter on " Testing " is especially valuable and up to date.
;

1,

2 and

3, Salisbury Court,

Fleet Street,

London, E.G.

"The Electrician" Printing and Publishing

Over 300 pages, 106 illustrations.
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Price 10s. 6d., post free.

ELECTROLYTIC SEPARATION

of

METALS

(THEOEETICAL AND PRACTICAL).

By GEORGE GORE, LL.D., F.R.S.
THE ONLY BOOK ON THIS IMPORTANT SUBJECT IN ANY LANGUAGE.

SYNOPSIS OF CONTENTS.
HISTORICAL SKETCH.
Discovery of Voltaic and Magneto-Electricity
Refining of Copper List of Electrolytic Refineries.

—

—First

Application of Electrolysis to

THEORETICAL DIVISION.
Section A.

—

the

Chief Electrical Facts and Principles of the Suhject. Electric Polarity and
Induction, Quantity, Capacity, Potential Electromotive Force Electric Current Conduction
and Insulation Electric Conduction Resistance.
Section B. CJiief Thermal Phenomena. Heat of Conduction Resistance Thermal Units
Symbols, and Formulas.
:

—

—

—

—

—

:

—

—

Section C: Chief Chemical Facts and Principles of the Subject. Explanation of Chemical
Terms Symbols and Atomic Weights Chemical Formulae and Molecular Weights Relation of
Heat to Chemical Action.
Section D.: Chief Facts of Chemico-Electric or Voltaic Action. Electrical Theory of
Chemistry Relation of Chemical Heat to Volta Motive Force Volta-Electric Relation^ to
Metals in Electrolytes Voltaic Batteries Relative Amounts of Voltaic Current produced by

—

—

—

—

—

—

—

—

Different Metals.

Section B.: Chief

—

—
—
—

Facts of Electro-Chemical Action. Definition of Electrolysis ^Arrangefor Producing Electrolysis
Modes of Preparing Solutions Nomenclature Physical
Structure of Electro-Deposited Metals Incidental Phenomena attending Electrolysis Decomposability of Electrolytes Electro-Chemical Equivalents of Substances
Consumption of Electrio

—

ments

—

Energy

—
—

—

in Electrolysis.

Section F. The Generation of Electric Currents by Dynamo Machines. — Definition
Dynamo and of a Magnetic Field Electro-Magnetic Induction Lines of Magnetic Force.
:

—

—

of a

PRACTICAL DIVISION.

Section G. Establishing and Working an Electrolytic Copper Refinery. — Planning a Refinery
— Kinds of Dynamos Employed— Choice and Care of Dynamo — The Depositing Room — The Vats
— The Electrodes — The Main Conductors —Expenditure of Mechanical Power and Electrio
Energy— Cost of Electrolytic Refining.
Section H. Other Applications of Electrolysis in Separating and Refining Metals. — Electrolytic Refining of Copper by other Methods — Extraction of Copper from Minerals and Mineral
Waters — Electrolytic Refining of Silver Bullion and of Lead— Separation of Antimony, of Tin, of
Aluminium, of Zmc, of Magnesium, of Sodium and Potassium, of Gold— Electrolytic Refining of
Nickel —Electric Smelting.
Appendix. — Useful Tables and Data.
:

Second Edition, price ^s.^ post

free.

ELECTRO-CHEMISTRY.
GEORGE GORE,
By

LL.D., F.R.S.

This book contains, in systematic order, the chief principles and facts of electro-chemistry
and is intended to supply to the student of electro-plating and electro-metHllurgy a fr-cientific basis
upon which to build the additional practical knowledge and experience of his trade. A scientific
indispensable to the electrofoundation, such as is here givpn, of the art of electro-metallurgy
wishes
should
be
studied
who
and
previously to and simulto
excel
in
his
depositor
caUing,
taneously with practical working. As the study of electrochemistry includes a knowledge not
only of the conditions under which a given substance is electrolytically separated, but also of the
electrolytic effect of a current on individual compounds, both are described, and the series of
substances are treated in systematic order. An indispensable hook to Electro-M etallnrgists.
i-.s

I,

2 and

3,

Salisbury Court, Fleet Street, London, E,C.
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Electrical

Laboratory Notes

&

Forms.

ARRANGED AND PREPARED BY
Professor of Electrical Eiiijineering in University College, London,

These " Laboratory Notes and Forma " have been prepared to assist Teachers, Demonstrators
and Students iu Electrical Laboratories, and to enable the Teacher to economise time. They
consist of a series of (about) Twenty Elementary and (about) Twenty Advanced Exercises
in Practical Electrical Measurements and Testing.
For each of these Exercises a four-page Report
Sheet has been prepared, two pages of which are occupied with a condensed account of the theory
and practical instructions for performing the particular Experiment, the other two pages being
ruled up in lettered columns, to be filled in by the Student with the observed and calculated
These
quantities. Where simple diagrams will assist the Student, these have been supplied.
Exercises are for the most part based on the methods in use in the Electrical Engineering
Laboratories of University College, London
but they are perfectly general, and can be put into
practice in any Electrical Laboratory.
Each Form is supplied either singly at 4d, nett, or at 3s. 6d. per dozen nett (assorted or
otherwise as required)
in sets of any three at Is. nett
or the set of (about) Twenty Elementary
The complete set of Elementary
(or Advanced; Exercises can be obtained, price 5s. 6d. nett.
and Advanced Exercises are price 10s. 6d. nett, or in a handy Portfolio, 12b. nett, or bound in
strong cloth case, price 12s. 6d. nett.
Spare Tabulated Sheets for Observations, price Id. each nett.
Stjong Portfolios, price Is. 6d. each.
The very best quality foolscap sectional paper (16in. by 13in.) can be supplied, price Is
;

;

;

pet dozen sheets nett.

NOW

READY. —Cheaper

edition of " Electrical Laboratory Notes and Forms." These
cheaper Forms have been prepared for the use of students and teachers at the Polytechnic and
other science classes throughout the country. These new Forms, which differ only from the higherpriced set in being printed on smaller and cheaper paper and with less space for tabulated records,
are issued at half the price of the original set.
1.
2.
3.

4^

6.
6.
7.
8.
9.

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
?6.
37.

38.

39.
40.

The Exploration of Magnetic Fields.
The Magnetic Field of a Circular Current.
The Standardisation of a Tangent Galvanometer by the "Water Voltameter
The Measurement of Electrical Resistance by the Divided Wire Bridge.
The Calibration of the Ballistic Galvanometer.
The Determination of Magnetic Field Strength.
Experiments with Standard Magnetic Fields
The Determination of the Magnetic Field in Air Gap of an Eleccro-magnet.
The Determination of Resistance with the Post Office Pattern Wheatstone Bridge.
The Determination of Potential Difference by the Potentiometer.
The Measurement of a Current by the Potentiometer.
A Complete Report on a Primary Battery.
The Standardisation of a Voltmeter by the Potentiometer.
The Photometric Examination of an Incandescent Lamp.
The Determination of the Absorptive Powers of Semi-Transparent Screens.
The Determination of the Reflective Power of Various Surfaces.
The Determination of the Electrical Efficiency of an Electromotor by the Cradle Method.
The Determination of the Efficiency of an Electromotor by the Brake Method.
The Efficiency Test of a Combined Motor-Generator Plant.
Efficiency Test of a Gas Engine and Dynamo Plant,

The Determination of the Electrical Resistivity of a Sample of Metallic Wire.
The Measurement of Low Resistances by the Potentiometer.
The Measurement of Armature Resistances.
The Standardisation of an Ammeter by Copper Deposit.
The Standardisation of a Voltmeter by the Potentiometer.
The Standardisation of an Ammeter by the Potentiometer.
The Determination of the Magnetic Permeability of a Sample of Iroui
The Standardisation of a High Tension Voltmeter.
The Examination of an Alternate-Current Ammeter.
The Delineation of Alternating Current Curves.
The Efficiency Test of a Transformer.
The Efficiency Test of an Alternator.
The Photometric Examination of an Arc Lamp.
ITie MeHsurement of Insulation and High Resistance
he Complete Efficiency Test of a Secondary Battery.
Tlie Calibration of Electric Meters.
The Dt-lineatinn of Hysteresis Curves of Iron.
Ihe Examination of a Sample of Iron for Magnetic Hysteresis LoS3
'fhe Detenuiuation of the Capacity of a Concentric Cable.
The Elopkinson Test of a Pair of Dynamos
1
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320 pages, 155

Price 6s. 6d.,

illustrations.

"post free.

PRACTICAL NOTES FOR ELECTRICAL STUDENTS.
LAWS, UNITS, AND SIMPLE MEASURING INSTRUMENTS.
By A. E. KENNELLY and H. D. WILKINSON, M.I.E.E.
CONTENTS.
Chapter VI.— Current Indicators,
VII.— Smiple Tests with Indicators.
,,
VIII.— Calibration of Current Indicators.
„
IX.— Magnetic Fields and their Measure,,
ment.

Chapter I,— Introductory.
II.— Bat'terieB.
„
III,— Electromotive Force and Potential.
„
IV, Resistance.
„
V. Current.
„

—
—

Now

Ready. — Very

Price lOs. 6d.

fully Illustrated.

J.

p^st free,

Us.

Telegraph Engineers.

Electrical Testing for
By

;

ELTON YOUI^G.

This book embodiea up-to-date theory and practice

in all

that concerns everyday work of the Telegraph Engineer.

CONTENTS.

Chapter

I.

II.

„

—Remarks on Testing Apparatus.
—Measurements of Current, Potential,

,,

III.

,,

IV.

,,

„

VIII.— Localisation

—
—Measurement of Conductor Resistance.

I'ests.

facture, Laying

Insulation Resistance.
and Insulation

— Corrections for Conduction
ttie

and Working.

XII.— Submarine Cable Testing during Localisation and Repairs.

Tests.

In

of Disconnections.

— Localisation of Earth and Contacts.
X,— Corrections of Localisation
XI. — Submarine Cable Testing during Manu-

IX.

Battery liesistance.
Natural and Fault Current,

v.— Measurement of
VI,

Chapter VIT.— Measurement of Inductive Capacity.

and

Appendices numerous tables and curves of interest to telegraph engineers are given.

FvUy Illustrated.

Price 7s. 6d., post free.

DRUM ARMATURES AND COMMUTATORS
By
iiiOVy

MARTEN WEYMOUTH.

F.

READV.

British Association

Evening Discourse

The centenary
By
With

of the

Prof. J. A.

I/-,

Dover, September 18, 1899.

ELECTBIC

FLEMING,

CIRENT
17Q9-1899_

F.R.S.

and interesting Chronological Notes.

Illustrations of early apparatus

In neat paper covers

at

post free 1/3.

Bound

cloth 2/-, post free.

^_

NEW and ENLA.RGED EDITION in the Press.
SIGNALLING ACROSS SPACE WITHOUT WIRES.
By

Dr.

OLIVER

J.

LODGE,

F.R.S.

The Full Notes of the interesting Lecture delivered by the Author before the Royal Institution in June, 1894,
fprm the first section of the book. In addition there are chapters brimiog Wireles* Telegraphy developments
<up to date (Oct. 1899), and a number of interesting Appendices.
Very Fully Illustrated.
The New Edition will form a,compIete Illustrated Treatise on Hertzian Wave work.
Price

Ss,

post free

;

abroad

5s. 3d.

The Bibliography of X=Ray
and Research.

Literature

Being a carefully and accurately compiled Ready Reference Index to the Literature on the Subject of Eontgen
or X-Rays.

Edited by
With an

Historical Retrospect

and

CHARLES

E. S.

PHILLIPS.

a Chapter, " Practical Hints," on

X-Ray work by the

Editor.

The book will be indispensable for the Reference Library, Public Libraries, Colleges, Technical Schoola
•and Laboratories, and to all whose business or pleasure necessitates an up-to-date acquaintance with the progress
of this branch of Physical Science.
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CARBON MAKING FOR ALL ELEGTRIGAL PURPOSES.
By FRANCIS JEHL.

^
,
,
,.1
»
.
This work gives a concise account of the process of makinjj High Grade nnd other Carbon lor Jiiiecinc
Lightiug, Electrolytic, and allothtr electiical purposes,

CONTENT®
Chapter
,,

„
„

I.— Physical Properties

Chapter

of Carbon.

— Historical Notes.
III. — Facts concerning Carbon.
II.

IV.— The Modern

"

Process of Manufacturing

Carbons.
to Carbon Manufacturers
Electric Light Engineers.
VI.—A " N ew " Raw Mateiial.
VII. Gas Generators.
VIII.—The Furnace.

„
„
„

v.—Hints

and

FuUv

„
„

Illustrated.

Price 7s. 6d., post

THE INCANDESCENT LAMP
By GILBERT
190 pages, 116

of Electrodes on a
Small Scale.
XIII.— Building a Carbon Factory.
XIV.— Soot or Lamp Black.
XV.— Soot Factories

XII.— The Manufacture

,,

—

of High Temperatures.
Analysis.
XI.— On the Capital necessary for starting a
Carbon Works and the Profits in
C-.ibon Manufacturing.

IX.— The Estimation

X.— Gas

,,

.

„

'

free,

MANUFACTURE.

I ITS

RAM.

S.

Price 3s. Gd.y post free.

illustrations.

The steam-engine INDICATOR & INDICATOR DIAGRAMS.
W. W. BEAUMONT.

Edited by

M.J.C.E., M.I.M.E., &c.

Strongh/ bound in Cloth, 2s. 6d. net.

TEMPERATURE COEFFICIENTS OP

"

CONDUCTIVITY " COPPER.

The compHers of " TEMPERATURE COEFFICIENTS OF
(Messrs. Clauk, Fobde and Taylor, the well-known consulting

'

CONDUCTIVITY COPPER "
'

engineers) have recently made
fresh investigations of the temperature coefficient over the range of temperature to which Cables"
are usually exposed, and the results of their investigations are now published.
Table ! gives the resist, at different temperatures when the Res. at 32^. =1.

Table
Table
Table

ditto
ditto
ditto
gives the leg. reciprocals of co-efficients in Talle III.

ditto
ditto

II.
III.

IV.

flitto

Also on strong cardboard, price

SHJBESI?

rPA.^ILtlEi

6d.

at60''J<\

= l.

at 75° JT. =

1

;

and

net.

Mli.o-wir&^

for COPPER REStSTANCES
LOG. RECIPROCALS of COEFFICIENTS32°^.
At

NEW

different temperatures

V OLU M ES

I

from

N

to 84-9°F.

PREPA RATION.

NEARLY READY,

"THE ELECTRICIAN" WIREMAN'S POCKET BOOK.
Edited by F.

CHARLES RAPHAEL.

Tables and Instructions indispensable to those engaa;ed in internal or external
A
supenntendeots or contractors. The volume will be of a size convenient
wirrmen,
as
whether
work,
wirin*''
of practical conductor and fall of potential tables, illustrated
for the pocket, and will contain a number
diagrams
of conneciions, wiring rules, tables of casings, tubing, Ac,
cables,
ana
wires
joining
directions for
fuse tables, descriptions of all the various systems of wiring, inbti notions for leBting, &c. The greater part of
the contents has been written tspeciaDy for the book, and all has been thoroughly revised and brought up to
The section ou Underground 'WcrK will foini a special featuie, and will contaiu a mats of information
d,ate.
hitherto unpublished. No paius are being spared to make the work as complete and useful as possible, and to
give it an essentially Practical character
valuahle collection of

THE ELECTRIC ARC. Fully illustrated. By Mrs. Atrton. In the Press.
SECONDARY BATTERIES: THEIR CONSTRUCTION AND USE.
By E. WADE.
BATTERIES: THEIR CONSTRUCTION AND USE. By
PRIMARYCooper.
In
W. R.
COMMERCIAL TELEPHONY. By Dane Sinclair and F. C. Eaphael.
J.

the.

Fully illustrated.

Press.

/
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SIlKIES—ooiitinued.

LARQE=SHEET TABLES,
©lying full particulars of the Electricity Supply Stations throughout Great Britain up to January, 1899, can be
abtained mounted on rollos for hanging or folded iitto cloth cases.
A neat coloured Map, showing positions
of Provincial Supply Stations and Systems of Supply, is mounted on the back of the Tables.

The Electric Hallways and Tramways of the United Kingdom.
Similarl y

mounted

hanging or folded into cloth

for

Fully

illustrated.

PRICES ON APPLICATION.

cases.

Price Is. 6d., post free

Is.

9d.

THE MANUFACTURE OF ELECTRIC LIGHT CARBONS.
A

Practical Guide to the Establishment of a Carbon Manufactory.

The International Telegraph Convention and Service
BUDAPEST REVISION (1896).

Regulations.

In the Official French Text with English Translation in parallel columns, by C. E. J. Tvv'saday (of the
lodia Office, London), and Geo. R. iSTeilson (of the Eastern Telegraph Company, London). Cloth (foolscap
folio), 5s. nett
wide margin (demy folio), Ts. 6d. nett. With Supplements, Is. extra,.
;

NOW

HEADY. —Price £1. 5s.,

A

in Sepia or Black; in very Massive Frame,

Handsome Plate Reproduction

of

£2. 2s.

Robert Dudley's famous Paiuting

of

THE "GREAT EASTERN"
(By permission of the Executors of the late Sir James Anderson).

The subject measures 24iQ. byl7in., and is India mounted on
by 21in. The entire plate measures 38in. by 27in.

fine etching boards,

the mount measuring

27in.

I>OItTRAITS

STEEi:.-JPlL,ATJE
OP

WILLOXJGHBY SMlTn(out of print),
MICHAEL FARADAY {1^. extra,),
SIR JOHN PENDER, G.O.M.a.,
^'SIR WILLIAM THOMSON, F.R.S.,
O.

H. B.

CYRUS W. FIELD,

*SIR W. H. PREECE,

WERNER VON

JAMES ANDERSON, J.P.,
*ALEXANDER SIEMENS,
SIR

(Lord Kelvin),
G.B.

PATEY,

HEIISTRICH HERTZ,

CROMPTON,
WILLIAM STURGEON,
PROF. J. J. THOMSON, F.R.S.,
*Dft. JOHN HOPKINSON, M.A., F.R.S.,
*SIR HENRY C. MANGE, C.I.E., and
* JOSEPH WILSON SWAN

(Late Secretary of Telegraphs, G.P.O.),

*R. E. B.

DR. OLIVER J. LODGE, F.R.S,,
*SIR WILLIAM OROOKES, F.R.S.,

HERMANN YON HELMHOLTZ,
*PROF. W. E. AYRTON,

LORD RAYLEIGH,

K.C.B., F.R.S.,

SIEMENS,

F.R.S.

* Past-Presidents of the Institution of Electrical Engineers.

HAVE BEEN ISSUED AS SUPPLEMENTS TO
COPIES OF THESE ADMIRABLY-EXECUTED STEEL ENGRAVINGS CAN BE SUPPLIED, Price ONE SHILLING EACH;
post free on Roller,

Or framed

in

Is.

2d.

India ir.ounts,

Is.

extra.

neat Black Pillar or Brown Ornamental Frames, price
SIXPENCE; carriage paid (O.K.j, FIVE; SHILLINGS.
// with mount. Is. extra.

FOUR SHILLINGS AND

SECOND EDITION NOW HEADY.— Large

Quarto, 370 pages..

UO full -page lUustrations,

65 full-page Tables, 30s.

ARMATURE WINDINGS OF ELECTRIC MACHINES.
By H.

F.

PAESHALL

and H. M.

HOBAET.

The subjects dealt with in this work include the windings of continuous-current machines and armatures
of single-phase, two-phase and three-phase machines, of induction motors for various phases, and of alternating
current commutating machines. A chapter is given on electromotive force, explaining the properties r f the
different windings in this respect, and includes a discussion on the Sayers' armature windings.
The book will be found of great value to speoialists, and is written in such a manner as to prove of
considerable assistance to st idents and those desirous of thoroughly grasping the principles of dynamo
construction. The exhaustive list of Tables dealing with continuous-current armature windings will prove
particularly valuable at this time, as they show at a glance the arrangement possible for giving a number of
conductors and poles.

"The
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Electri ci an" Printing
Demy

and Publishing

8vo., Cloth, fully illustrated,

lOs.

StiL.^ post

Co., Ltd.,

free lis.

i

THE APPLICATIOH OF ELECTRICITY TO RAILWAY WORKINCf
By W.

LANGDON,

E.

M.I.E.E.,

Superintendent and Engineer of the Electrical Department of the Midland Railway Company.
This work contains sections on the construcfion and snrveying of Bailway Telegraphs, ConstrHction o

Telegraph Instruments and Batteries, Block Signalling, Single-Line Working, Automatic Block Signalling, Inter
locking, Miscellaneous Appliances in connection with Block Signalling, Electric Light and Power, ll'am iJght
Ing, Intercommunication in Trains. The work also contains chapters relating to the engineering and trafflt
Ranches of railways, as well as specifications for telegraph poles, galvanised iron wire, copper wire, strandec
laying wire, &c.

_______^__
1898-99 Edition {3rd Year).

\

10s.

net.

MANUAL OF ELECTRICAL UNDERTAKINGS.
By EMILE GARCKE, M.LE.E.,

F.S.S.

\

Manual

contains financial particulars, &c., of all Electrical Companies and Undertakings. In the majority
of casps the complete accounts of the various undertakings are shown, including the Itst Balance Sheet and
Profit and Loss Account and similar data, together with much information thowing the progress of the works.
showing areas of the Metropolitan
Particulars are given of all Municipal Electric Supply Stations.
Electric Supply Undertakings are an i mportant addition in the present volume.

-The

MAPS

ELECTRICITY AND MAGNETISM.
A TEEATISE ON MAGNETISM AND ELECTRICITY. By Prof A Gray.
In
ON FOURIER'S SERIES, and Sphencal,
AN ELEMENTARY TREATISE
Harmonics, with Applications
Problems
Mathematical
By
2 vols.

Vol.

I.,

14s. net.

Cylindrical and Ellipsoidal
Prof. Byerly, Harvard University.

on

to

Physics.

12s. 6d.

MODERN V^IEWS OF ELECTRICITY. By Oliver J. Lodge, F.R.S., Professor'oi
Physics in University College? Liverpool. Illustrated.
THE ELECTRO-MAGNET AMD ELECTROMAGNETIC MECHANISM. By
Silvanus P. Thompson, D.Sc, F.R.S. 2nd Edition, 450 pages, 218
ELECTRICITY: ITS THEORY, SOURCES AND APPLICATIONS. By
John
Sprague. Third Edition. Kevised and enlarged.
ELECTRICAL PAPERS. For Advanced Students in Electricity. By Oliver
Heaviside.
2
6d.)
12s.net. (Published
A COURSE OF LECTURES ON ELECTRICITY, DELIVERED BEFORE THE
SOCIETY OF ARTS. By George Forbes, M.A.. F.R.S.
& E.) With 17
crown 8ro.
An
Elementary
Treatise for
MAGNETS AND ELECTRIC CURRENTS
6s. 6d.

illustrations.

T.

16s.

15s.

vols.

31s.

illustrations,

(L.

5s.

:

Electrical Artisans

By

and Science Teachers.

l>r. J.

Crown

A. Fleming, M.A., F.R.S., &c.

8vo., Cloth

7s. 6d.

LECTURES IN ELECTRICITY AT THE ROYAL INSTITUTION, 1875-76
6d.
By John Tyndall.
NOTES OF A COURSE OF SEVEN LECTURES ON ELECTRICAL
2s.

PHENOMENA. By John Tyndall. Is. 6d.
Being Researches on the Propagation of Electric Action
ELECTRIC

WAVES

:

By

wtth Finite Velocity through Space.

Dr. Heinrich Hertz.

ELECTRICAL MEASUREMENTS.
jun.

By Prof. H.

Tianslated by D. E. Jones.

S.

Carhart and G.

IGfl.

6d. nefc.

W. Patterson,

8s. 6d.

ELECTRIC MOVEMENTS IN AIR AND WATER.
C.B., F.R.S.

New

Edition.

By Lord Armstrong,

30s. net.

LECTURES ON SOME RECENT ADVANCES IN PHYSICAL SCIENCE.
By Prof. P. G. Tait. Third Edition.
ELEMENTARY LESSONS IN ELECTRICITY AND MAGNETISM. By Prof.
Silvanus P. Thompson, D.Sc, F.R.S. New Edition. Fcap. 8vo,
6d.
PRACTICAL ELECTRICITY A Laboratory and Lecture Course for First Year
9s.

4s.

:

Students of Electrical Enpineering. By Prof. W. E. Ayrton, F.R.S,
Pressure, Resistance, Energy, Power and Cells. 247 Illustrations. 9s.

New

Edition. Vol.

I.,

Current^

A TREATISE ON ELECTRICITY AND MAGNETISM. By J. Clerk MaxM.A., F.R.S. Third Edition.
£1.
demy 8vo,
CENTENARY OF THE ELECTRIC CURRENT, 1799-1899-see page 13.
ELEMENTARY Tl^EATISE ON ELECTRICITY AND MAGNETISM.
well.

2 vols.,

Founded on Joubert's "Traits El^mentaire
E. Atkinson, Ph.D. Crown 8vo, 7s. ed.

MAGNETISM

AJS[D

ELECTRICITY,

cloth,

d'Electricit^."

123.

By

Prof.

G.

C.

Foster,

AN ELEMENTARY MANUAL

With Examination Questions and many iHustrations. By Prof.A. Jamieson. Fourth Edition.
1^

2 and

3,

F.R.S.,

and

OF.

Cr. Svo, 8s.6d.

Salisbury Court, Fleet Street, London, E.G.

i
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AN ELEMENTARY TEEATISE ON ELECTRICITY. By J. Clerk Maxwell.
M.A, F.R.S.
bv William Garnett, M.A. Demy
RECENT RESEARCHES IN ELECTRICITY AND MAGNETISM. By
Thomson, M.A., F.R.S.
THE THEORY OF ELECTRICITY AND MAGNETISM. By Prof. A. G. Webster,
COIL AND CURRENT, OR THE TRIUMPHS OF ELECTRICITY. By
Henry Frith and W. Stepney ilawson,
MAGNETISM AND ELECTRICITY. By W. J. Harrison and C. A. White. 2s,
MAGNETISM AND ELECTRICITY. By A. W. Poyser, M.A. Cloth, 2s. 6d.
MAGNETISM AND ELECTRICITY. By H. C Tarn, F.S.Sc.
MAGNETISM AND ELECTRICITY. By J. Paley Yorke. 3s. 6d.
MAGNETISM AND ELECTRICITY. By R. Wallace Stewart, D.Sc. 159 IllusSecond Edition,
MAGNETISM AND ELECTRICITY. Bv Edward Aveling, D.Sc. 6s.
MAGNETISM AND ELECTRICITY. By" John Angell. 2s.
MAGNETISM AND ELECTRICITY. By F. Guthrie, B.A., Ph.D. 3s. 6d.
8vo, cloth, 78. 6d.

Editerl

Prof. J. J.

IBs. 6d.

14s.

3s. 6d.

trations.

5s. 6d.

MAGNETISM AND ELECTRICITY FOR BEGINNERS. By H. E. Hadley, B.Sc.
2s. 6d.

MANUAL OF ELECTRICAL SCIENCE. By George J. Burch. B.A. 3s.
ADVANCED ELECTRICITY AND MAGNETISM. By A. W. Poyser. 49. 6d.
FIRST BOOK OF ELECTRICITY AND MAGNETISM. By W. Perren Maycock. 107
Second Edition.
ELECTROMAGNETIC THEORY—see r^^ge 4.
illustrations.

28. 6d.

OF ELECTRICITY By W. H.
ELECTRICITY AND MAGNETISM.

A.B.C.

Meadowcroft. Fourth Edition. 2s.
Translated from the French of Prof.

E. Gerard, under the direction of Dr. Louis Duncan, with additions by Dr. Louis Duncan, C. P,
Steinmetz, A. E. Kenneliy and Dr. Gary T. Hutchinson. Cloth, lOs. 6d.

ELEMENTS OF THE MATHEMATICAL THEORY OF ELECTRICITY AND
]^LAGNETISM. By
Thomsdn, F.R.S.
ELEMENTS OF STATIC ELECTRICITY, By P. Atkinson. Second Edition. Ta.
ELECTRICITY TREATED EXPERIMENTALLY, for the use of schools and
J. J.

10s.

By Linnaeus Cumming, M.A.

students.

Fifth Edition.

4s. 6d.

THE ALTERNATE-CURRENT TRANSFORMER IN THEORY ANDPRACTICE -see pages and
ELECTRICITY AND MAGNETISM. By S. R. Bottone. 3s. 6d.
Book E. ARITHMETICAL PHYSICS. Part Ha.— MAGNETISM AND ELEO6

ELEMENTARY AMD ADVANCED..

TRICITY,
ward.

Book

B

7.

Sc

With Supplement on Lines

of Force.

By

C. J.

Wood-

2s

Part IIb.—MAGNETISM AND ELEGDEGREE AND HONOURS STAGES. By C. J. Woodward, B.Sc. New Edition. 33. 6d.

ARITHMETICAL PHYSICS.

F.
TRICITY,

MAGNETIC INDUCTION IN IRON AND OTHER METALS—se^ j>age 4.
ELECTRICITY FOR PUBLIC SCHOOLS AND COLLEGES. By W. Larden^
M.A.

6s.

ELECTRICITY. By Dr. Ferguson

ELECTRICITY AND
ELECTRICITY AND
ELECTRICITY AND
W. W. Haldane

Gee.

revised and extended by Prof. J. Blyth. 3s. 6d.
MAGNETISM. By Fleeming Jenkin. 3s. 6d.
MAGNETISM. ByProf. F.E. Nipher. Second Edition. 14s.
MAGNETISM. By Prof. Balfour Stewart, F.R.S., and
Crown

ELECTRICITY AND
Guillemin.

;

Hvo, 78. 6d.

;

School Course,

MAGNETISM.

Translated by Silvanus P. Thompson.

A

2s, 6d.

Popular

Treatise.

By Am6d6&

3l3. 6d.

ELEMENTARY TREATISE ON PHYSICS, Experimental and Applied.
lated from Ganot's " Elements de Physique," by E. Atkinson, Ph.D. Twelfth Edition.
ELEMENTARY PHYSICS. By John Henderson. 2s. 6d.

Trans-

158.

PRACTICAL ELECTRICITY AND MAGNETISM. By

John Henderson.

By G. F. Barker. 21s.
PHYSICS.
THE INTELLECTUAL RISE IN ELECTRICITY. By Park
TEXT-BOOK OF THE PRINCIPLES OF PHYSICS.

6s.

6d.

Advanced Course.

Second Edition.

PHYSICAL—
1,

21s.

UNITS.

^—^

2 and

Benjamin, Ph.D. 21s.
By Alfred Daniel],

—

3,

By Magnus

—

Maclean, M.A., D.S.C., F.R.S.E.
"

«

—

'

2s. 6d.
—

Salisbury Court, Fleet Street, London. E.G.

—

18

"

The

Electrician

Printing and Publishing

"

Co., Ltd.,

ABSOLUTE MEASUREMENTS IN ELECTEICITY AND MAGNETISM.
By Prof. Andrew Gray, Second Edition.
6d.
ALTEKNATINO CCJRKENTS OF ELECTRICITY. By T. H. Blakesley.
Third Edition.
ALTERNATING CURRENTS OF ELECTRICITY Their Generation, Measurement, Distribution, and Application. By Gisbert Kapp.
6d.
ALTERNATING CURRENTS. An Analytical and Graphical Treatment for
students and Engineers. By Dr. F. Bedell and Dr. A. C. Crehore. Third Edition,
ALTERNATING CURRENTS OF ELECTRICITY AND THE THEORY OF
6i.

6s.

:

4s.

lis.

TRANSFORMERS. By

Alfred

Still.

53.

ARITHMETIC OF MAGNETISM AND ELECTRICITY. By R. Gunn. 2s. 6d.
PHYSICAL ARITHMETIC. By Alexander Macfarlane. 7s. 6d.
THE ALTERNATING CURRENT CIRCUIT. By W. Perren Maycock. 2s. 6d.
QUESTIONS AND EXAMPLES IN EXPERIMENTAL PHYSICS, SOUND,
LlGfiT,

AND MAGNETISM.

HEAT, ELECTRICITY,

By

B.

Loewy.

2s

LESSONS IN ELEMENTARY PHYSICS. By Prof. B. Stewart. Fifth Edition, 4s. 6d.
ELECTRICITY AND MAGNETISM FOR BEGINNERS. By F. W. Sanderson,

MA

2s

6d

AND MAGNETISM. By L. Gumming, M.A. 2s. 6d.
THE THEORY AND CALCLTLATION OF ALTERNATING CURRENT
Steiumetz. Second Editon.
PHENOMENA. By
HANDBOOK OF ELECTRICITY, MAGNETISM, AND ACOUSTICS. By
Dr. Lardner. Edited by Geo. Carey Foster, B.A.
THEORY OF ELECTRICITY AND MAGNETISM. By C. E. Curry, Ph.D.,
ELECTRICITY

lis.

C. P.

5s.

with Preface by Prof.

L.

Boltzmanu.

8vo., 460 pages, 88. 6d. nett.

INTRODUCTION TO THE THEORY OF ELECTRICITY.
Cumraing, M.A.

Fourth Edition.

By Linn^us

8s. 6d.

PAPERS ON ELECTRO-STATICS AND MAGNETISM. By Lord Kelvin.
Second Edition.
PRACTICAL NOTES FOR ELECTRICAL STUDENTS-seg page 13.
PRACTICAL MEASUREMENT OF ELECTRICAL RESISTANCE. By W. A.
POLYPHASED ALTERNATING CURRENTS. By E. Hospitalier. 3s. 6d.
MATHEMATICAL THEORY OF ELECTRICITY AND MAGNETISM. Vol.
ISs.

I.,

Electrostatics; Vol. II., Magnetism
8vo, 10s. 6d. each.

and Electrodynamics.

By H. W. Watson, D.Sc, and

S.

H.

Burbury, M.A.

MATHEMATICAL THEORY OF ELECTRICITY AND MAGNETISM, AN
INTRODUCTION TO. By W. T. A. Emtage, M.A. Second Edition. Crown 8vo,
6d,
ELECTRICITY A Sketch for General Readers. By E. M. Caillard. 7s. 6d.
ELEMENTS OF DYNAMIC ELECTRICITY AND MAGNETISM. By
Philip Atkinson, A.M.. Ph.D.
6d.
ELEMEMTS OF PHYSICS. By Prof, H. S. Carhart. 5s.
PHYSICS, A TEXT-BOOK OF. By W. Watson. 10s. 6d.
ELECTRICAL ENGINEERING FORMULA—see page 5.
THE ARITHMETIC OF ELECTRICAL MEASUREMENTS. By W. R. P.
Hobbs, Head Master of the Torpedo School, H. M.S. "Vernon." New Edition.
THEORY AJND PRACTICE OF ABSOLUTE MEASUREMENTS IN ELEC78.

:

10s.

Is.

TBICITY

AND MAGNETISM.

College of North Wales.

In 2

By Andrew Gray, M.A.,

vols.,

crown

8vo.

Vol.

I.,

F.E,.S.E., Professor of Physics in
Vol. II., in 2 parts, 25s.
12s. 6d.

the University

PROBLEMS AND SOLUTIONS IN ELEMENTARY ELECTRICITY AND
MAGNETISM. By W. aliugo and a. Brooker.
THE CAPILLARY ELECTROMETER IN THEORY AND PRACTICE.
Burch, M.A. Paper covers,
By George
net, strong cloth,
net.
EXERCISES IN ELECTRICAL AND MAGNETIC MEASUREMENTS, with
Answers. By R. E. Day.
6d.
INTRODUCTION TO PHYSICAL MEASUREMENTS. By Dr. F. Kohlrausch.
Translated by T. H. Waller and H. R. Procter. Third English Edition.
ELECTRICAL MEASUREMENT AND THE GALVANOMETER, ITS Construction AND USES. By T. D. Lockwood Second Edition.
ELECTRIC CURRENT: How Produced and How Used. By R. MuUineux
2s.

j.

2s.,

2s. 6d.,

Ss.

15s.

6s.

Walmsley, D.Sc.

IDs. 6d.

^

1,

2 and

3,

Salisbury Court, Fleet Street, London, E.G.
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ELECTRICITY, ELECTROMETER, MAGNETISM AND ELECTROLYSIS.
*'

Bv

G. Chrystal

and W. N. Shaw.

53. nett.

INTERMEDIATE COURSE OF PRACTICAL PHYSICS.
Schuster.

By

Prof.

A.

5s.

ELECTRICITY IN THEORY AND PRACTICE. By Lieut. B. A. Fiske. 10s. 6d.
ELECTRICITY FOR ENGINEERS. By Cb. Desmond. Revised Edition. 10s. 6d.
POTENTIAL Its Application to the Explanation of Electrical Phenomena Popu:

By Dr.

larly Treated.

Translated by D. Bobertson, M.A.

Tumlirz.

ELECTRICAL INFLUENCE MACHINES
Historical Development, their
89 iilustrations. 4s. 6d.

WHAT

Modern rorma, and

:

Ss. dd.

containing a full account of their
By John

their Practical Construction.

Gray, B.Sc

By John Trowbridge, S.D. Crown 8vo, 5s.
ELECTRICITY
UNIT]ES ELECTRIQUES ABSOLUES. By M. G. Lippmann. 8s. 6d.
ELECTRICITY IN THE SERVICE OF MAN. A Popular and Practical
IS

1

Treatise on the Applications of Electricity in Modern Life. New Edition. Revised
Walmsley, D.Sc. (Lond.). F.B.S.E. Medium 8vo., with upwards of 950 illustrations.
and Cheap Edition, 7s. 6d.

hy B. Mullineux
lOs.

6d.

New

DOMESTIC ELE(jrRICITY FOR AMATEURS.
By

E. Hospitaller, with additions

C. J.

Translated from the French of
Wharton, M.I.E.E. Numerous illustrations, demy 8vo, cloth, 68.
Ellis H. Crapper. 2s. 6d.

PRACntlAL ELECTRICAL MEASUREMENTS By
PRACTICAL ELECTRICS A Universal Handy Book
:

Matters.

Third Edition.

Edition.

28. 6d.

on Every-Day Electric

Ss. fid.

PRACTICAL MAGNETISM AND ELECTRICITY. By

J.

R. Ashworth.

2nd

ELECTRICITY: AHundred Years Ago and To-Day. By Prof. E. J. Houston. 4s. 6d..
ELECTRICITY IN MINING. By Silvanus P. Thompson, D.Sc, F.R.S. 2s.
ELECTRICITY FOR SCHOOLS. By J. E. H. Gordon. 5s.
A CENTURY OF ELECTRICITY. By Prof. T. C. Mendenhall. 4s. 6d.
LABORATORY MANUAL OF PHYSICS AND APPLIED ELECTRICITY.
By

Prof.

Edward

L. Nichols.

12s. 6d.

CRITICISED,
STANDARD METHODS IN PHYSICS & ELECTRICITY
By
A. Naber.
AND A TEST FOR ELECTRIC METERS PROPOSED.
5s.,

Demy

H.

8vo., cloth gilt,

post free.

LEgONS SUR L'ELECTRICITE ET LE
Mascart and

J.

Joubert.

Two

volumes.

Second Edition,

MAGNETISME.
36s.

Each volume,

By MM. E

i5s.

TRAITE ELJfcMENTAIRE D'^LECTRICITi:. By J. Joubert.
THEORIE DE L'ELECTRICITE. By Prof. A. Yaschy. 16s.

6s.

THE WORK OF HERTZ.—s^e v^g^ IS.
LEgONS SUR L'ELECTRICITE. By Eric Gerard. 2 vols., fully illustrated.
6th Edition,
(Vol.
Edition.
TRAITJfe PRATIQUE DE L'ELECTRICITE. By Felix Lucas. 13s 6d.
lOs.

TRAITE

5tb

10s.)

I.,

D'lLi^ECTRICITfi

:

Theorie et Applications G^nerales.

By

F. Rodary.

16s. 6d.

ELECTRIC LIGHTING & TRANSMISSION OF POWER.
THE ALTERNATE-CURRENT TRANSFORMER IN THEORY AND
PRACTICE-see vage
\

'

6

ALTERNATING ELECTRIC CURRENTS. By Prof. E. J. Houston, Ph.D., an4
6d.
A. E. Kennelly, D.^c.
DYNAMO-ELECTRICITY Its Generation, Application, Transmission, Storage
and Measurement. By G. B. Prescott. 545 illustrations. £1.
DYNAMO MACHINERY AND ALLIED SUBJECTS (ORIGINAL PAPERS
ON). By Dr. John Hopkinson.
ELECTRO DYNAMICS The Direct Current Motor. By Prof. C. A. Carus4s.

:

Is.

5s.

:

Wilson^-

73. 6d.

THE ELECTRICIAN " PRIMERS— see page 8.
STANDARD POLYPHASE APPARATUS AND SYSTEMS. By Maurice E
Oudin.M.S.
SHOP AND ROAD TESTING OF DYNAMOS AND MOTORS. By Eugene"

C.

Parham and John

I,

2 and

3,

C.

Shedd.

98.

Salisbury Court, Fleet Street, London, E.G.
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By H. F.
ARMATURE WINDINGS OF ELECTRIC MACHINES.
tree—Seepage
po&t
ParshallandH. M.Hobart. Large
and
DRUM ARMATURES AND COMMUTATORS—see pa^'^ i5.

ELECTRIC ARC LIGHTING. By
Kennelly, D.Sc.
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tion of the Various Farts

Drum Armature. By Arnold

Philip.

4s.

of their

Mode

of Action,
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Second Edition.
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DYNAMO AND MOTOR BUILDING FOR AMATEURS.
Parkhurst.

Cloth,

of Electroand

Fifth Edition, revised
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ON THE CALCULATION OF NETWORKS FOR DISTRIBUTION OF
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THE ELECTRICAL TRANSMISSION OF ENERGY.
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ELECTRIC SHIP LIGHTING For the use of Ship Owners and Builders
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:

2s.

By Dr.

Electric Lighting.

A. Palaz.

Translated by G.
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Second Edition.
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Series of Lectures.

THE GALVANOMETER A
ELECTRIC MOTIVE POWER— see page

Second Edition.

jun.

By

:
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Kennellv, D.Rc

A. E.

Cloth, 4s 6d.

THE WESTINGHOUSE AND BALDWIN SYSTEMS OF ELECTRIC
LOCOMOTIVES.
PRIMARY BATTERIES. By H. S. Carhart, A.M. 67 illustrations. 6s.
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TEMPERATURE COEFFICIENTS OF CONDUCTIVITY COPPER. By
Forde and Tavlor—
page
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SUBMARINE TELEGRAPHS Their History, Construction and Working. By
:

38.

Tl.

21s.

6b.

[12a.

:

73.

48.

ISs.

:

Charles Bright, F.R.S.E.
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[eth Edition.
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B, Neumann. Translated by
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THE USES OF ELECTROLYSIS IN SURGERY. By Dr W.E. Steavenson.
PRACTICAL MUSCLE TESTING AND THE TREATMENT OF MUSCULAR
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Sec.

SCIENCE AND PRACTICE OF PHOTOGRAPHY.
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Revised and enlarged. Pocket size, leather, 8s. 6d., post free.

of Electricians

Edition.
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A MANUAL OF RULES, TABLES AND DATA FOR MECHANICAL
10s.

ENGINEERS

By D K.

Clark.

Cloth, 16s.

;

half-bound

20s.

LAXTON'S PRICE BOOK. Published Annually. 4s.
LOCKWOOD'S BUILDERS' PRICE BOOK. Edited by Francis T. W. Miller. 4s.
ENGINEER'S YEAR BOOK of Formula, Rules, Tables, Data, and Memoranda.
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(first series) was established as a weekly newspaper in 1861, in a form exactly simUar to
the present publication, and after occnpying a leading position amongst scientific journal for some years, was
discontinued, not, however, before it had become apparent that such a publication occupied an essential plaoe
amongst the scientiQc and technical journals.
From 1866 to 1878 was a period during which the absence of " The Electrician " was much felt, no
weekly paper efficiently serving the interests of the electrical profession being then in existence ; and, as has fre<|uently been the case, it was left to gentlemen taking a keen interest in the applications of electricity to tele.graphic purposes, which were at that time the principal electrical industries, to resuscitate " The ELECTRICIAN,"
and once again establish it as the recognised leading organ of electrical science and industry. It will thus be
seen that " THE Electrician " is the oldest electrical jou«iaZ published. Since its second advent " The Electrician" has made rapid progress, and has continued to record in a full and thorough manner all the great
discoveries and experiments in electrical science, and to illustrate how these could be commercially applied
.and profitably worked. In the volumes of " The Electrician " wiil be found a valuable collection of original
vpapers and articles by nearly every leading writer on electrical matters, including
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And all papers read before the principal Electrical Institutions throughout the world by men eminent in the
"Electrical Profession have been given, together with authenticated reports of the discussions thereupon.
In addition to the above, " The Electrician " forms a complete record of all the important legal investigations which have occupied the attention of the Courts of Justice for the past 14 years, and it is customary for
" The Electrician " to occupy a prominent position in the Courts as an authority upon all questions affecting
the Electrical Profession. In this connection it Is only necessary to point to the actions which have arisen from
time to time upon the Edison and Swan Patents, the Compound Winding Patents, the High and Low Tension
Systems, the Accumulator Patents, the Telephone Patents, etc., etc., in which " THE ELECTRICIAN" has figured
as a reliable authority, and has been put in evidence and accepted by the parties concerned.
A regular featinre in *' The Electrician " has always been the verbatim reports of meetings of Electrical
Companies and Corporations, and while *' The Electrician " has never trenched upon the grounds legitimately
occupied by financial journals, the information of a fipancial character given from week to week in its columns is
iuU, reliable, and absolutely unbiassed. It has no interest whatever in any financial schemes, and is devoted
entirely to the interests of the profession it was established to serve. "The ELECTRICIAN" jrives full reports
of Meetings, Ac, held on Thursdays, so that subscribers interested obtain their copies by Friday morning's post.
The original articles appearing in " The Electrician " are written by gentlemen having no interest whatever in particular electrical systems, and vdth but one object, and that the advancement of electrical knowledcre
and electro-technology generally. Many of these original series of articles have since been revised and arupliHed
by their authors, and published in book form. These form the nucleus of the weU-known ^'Olecti'iciau**
Series, of which further particulars will be found herewith.
Finally, "The Electrician " has been of Incalculable service to technical education, and has done much
•to make the general study of electricity the reality it has undoubtedly become.
No aspirant to honour and
renown in the electrical profession can hope to keep abreast of the never-ceasing stream of discoveries of new
applications of electrical science to every day commercial pursuits who does not diligently peruse the columusot
" The Electrician," which is pre-eminently the leading electrical journal.
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