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PROFESSOR D. E. HUGHES.

Davip Epwin HugHeEs was born in London in
1831. His parents came from Balla, at the foot of
Snowdon, in North Wales, and in 1838, when
David was seven ycars old, his father, taking with
him his family, emigrated to the United States, and
became a planter in Virginia. The elder Mr.
Hughes and his children secem to have inherited
the Welsh musical gift, for they were all accom-

plished musicians. While a mere child, David
could improvise tunes in a remarkable manner, and
when he grew up this talent attracted the notice of
Herr Hast, an eminent German pianist in America,
who procured for him the &)rofessorship of music in
the College of Bardstown, Kentucky. Mr. Hughes
entered upon his academical career at Bardstown
in 1850, when he was nineteen years of age. Al-
though very fond of music and endowed by nature
with exceptional powers for its cultivation, Pro-
fessor Hughes had, in addition, an inborn liking and
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fitness for physical science and mechanical inven-
tion. This duality of taste and genius may seem at
first sight strange; but experience shows that there
are many men of science and inventors who are
also votaries of music and art. The source of this
apparent anomaly js to be found in the imagination,
which is the fountain-head of all kinds of creation.

Professor Hughes now taught music by day for
his livelihood, and studied science at night for his
recreation, thus reversing the usual order of things.
The college authorities, knowing his proficiency in
the subject, also offered him the Chair of Natural
Philosophy which became vacant ; and he united the
two seemingly incongruous professorships of music
and physics in himself, He had long cherished the
idea of inventing a new telegraph, and especially
one which should print the message in Roman
characters as it is received. So it happened that
one evening while he was in the glow and enthu-
siasm of musical improvisation, the solution of the
problem flashed into his ken. His music and his
science had met at this nodal point.

All his spare time was thenceforth devoted to
the development of his design and the construction
of a practical type-printer. ~And as the work grew
upon him he became more and more engrossed
with it, until his nights were almost entirely given
to experiment. He begrudged the time which had
to be given to teaching his classes ; and the fatigue
was telling upon his health, so in 1853 he removed
to Bowlingreen, in Warren Co., Kentucky, and
acquired more freedom by taking pupils.

he main principle of his type-printer was the
printing of each letter by a single current; the
Morse instrument, the only other rival then in the
field in America, required, on the other hand, an
average of three currents for each signal. In order
to carry out this principle it was necessary that
the sending and receiving apparatus should
keep in strict time with each other, or be synchro-
nous in action; and to effect this was the prime
difficulty which Prof. Hughes had to overcome in
his work. In estimating the Hughes' Type-
Printer as an invention we should never forget
the state of science in those days, a quarter of a
century ago. He had to find his own governors
for the synchronous mechanism, and here his
knowledge of acoustics helped him. Centrifugal go-
vernors and pendulums would not do, and he tried
vibrators, such as piano-strings and tuning-forks.
He at last found what he wanted in two darning
needles borrowed from an old lady in the house
where he lived. These steel rods fixed at one end
vibrated with equal periods, and could be utilised
in such a way that the printing wheel could be cor-
rected into absolute synchronism by each signal
current.

In 1854, Prof. Hughes went to Louisville to
superintend the making of his first instrument ; but
the first patent for it was not taken out in the
United States until 1855. In that form straight
vibrators were used as governors, and a separate
train of wheelwork was employed in correcting :
but in later forms the spiral governor was adopted,
and the printing and correcting is now done by
the same action. In 1855, the invention may be
said to have become a practical success, and
1O sooner was this the case, than Prof. Hughes
received a telegram from the editors of the

American Associated Press, summoning him to
New York. The American Telegraph Company,
then the leading one, was in possession of the
Morse instrument, and levied rates for transmission
of news which the editors could no longer stand,
They therefore took up the Hughes instrument in
opposition to the Morse. A company was formed,
and the lines of the smaller fry of companies—
among which was the Western Union Company,
then doing business on a poor scale out West—were
leased. After a time, they united in 1857 with
these smaller companies to form one large corpora-
tion, the Western Union Telegraph Company of
to-day. They bought over the Morse instrument
100, and when the monopoly was all in their hands,
the editors were again left in the lurch,

In 1857, Prof, Hughes, leaving his instrument in
the hands of the Western Union Telegraph Com-
pany, came to England to effect its introduction
here. He endeavoured to get the then Electric
Telegraph Company to adopt it, but after two years
of indecision on their part, he went over to France
in 1860, where he met with a more encouraging
reception. The French Government Telegraph
Administration became at once interested in the
new receiver, and a commission of eminent elec-
tricians, consisting of Du Moncel, Blavier, Froment,
Gaugain, and other practical and theoretical
§1Pecialists, was appointed to decide on its merits.

he first trial of the type-printer took place on the
Paris to Lyons circuit, and there is a little anecdote
connected with it which is worthy of being told.
The instrument was started, and for a while worked
as well as could be desired; but suddenly it came
to a stop, and to the utter discomfiture of the
inventor he could neither find out what was wrong,
nor get the printer to go again. In the midst of
his confusion, it seemed like satire to him to hear
the commissioners say, as they smiled all round,
and bowed themselves gracefully off, « =04
Monsienr Hughes—ires-bien. Fe wous felicite” But
the matter was explained next morning, when Prof,
Hughes learned that the transmitting clerk at Lyons
had been purposely instructed to earth the line at the
time in question, to test whether there was no
deception in the trial, a proceeding which would
have been strange, had not the occurrence of a
sham trial some months previous rendered it a
prudent course. The result of this trial was that
the French Government agreed to give the printer
a year of practical work on the French lines, and
if found satisfactory, it was to be finally adopted.
Daily reports were furnished of its behaviour during
that time, and at the expiration of the term it was
adopted, and Prof. Hughes was constituted by
Napoleon I1I. a Chevalier of the Legion of Hc_)nour.

The patronage of France paved the type-printer
progress into almost all other Epropean countnl:es ¢
and the French agreement with Prof. Hug hes'
respecting it became the model of those of ot efr
nations. On settling with France in 1862, Prof.
Hughes went to Italy. Here a commission }1;5115
likewise appointed, and a period of probation—on g
six months—was settied, before the instrument Wl?e'
taken over. From Italy Prof. Hughes rcgexv?ﬂ t
Order of St. Maurice and St. Lazare. En .

In 1863, the United Kingdom Telegraph Co., o g &
land, introduced the type-printer in their S)'s'f:'.', and

In 1865, Prof. Hughes proceeded to Russia,
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in that country his invention was adopted after six
months’ trial on the St. Petersburg to Moscow cir-
cuit. At St. Petersburg he had the honour of being
a guest of the Emperor's in the summer palace,
Czrarskoize]o, the \J/)ersailles of Russia, where he
Was requested to explain his invention, and also to
give a lecture on clectricity to the Czar and his
court. He was there created a Commander of the
Order of St. Anne., 3

In 1865, Professor Hughes also went to Berlin
and introduced his apparatus on the Prussian lines.
In 1867, he went on a similar mission to Austria,
where he received the Order of the Iron Crown ;
and to Turkey, where the then Sultan bestowed on
him the Grand Cross of the Medjidie. In this year,
too, he was awarded at the Paris Exhibition of
1867, a grand Aors /igne gold medal, one out of ten
supreme honours designed to mark the very highest
achievements. On this occasion, also, another of
these special medals was bestowed on Cyrus Field
and the Atlantic Telegraph Company. In 1868, he
introduced it into Ho land; and in 1869, into
Bavaria and Wurtemburg, where he obtained the
noble Order of St. Michael. In 1870, he also
installed it in Switzerland angd Belgium.

Coming back to England, the Submarine Tele-
graph Company adopted the type-printer in 1872,
when they had only two instruments at work.
They have now (1878) twenty of them in constant
use, of which number nine are working direct
between London and Paris, one between London
and Berlin, one between London and Colo%ne, one
between London and Antwerp, and one between
London and Brussels. All the continental news
for the Zimes and the Daily Telegraph, is received
by the Hughes type-printer, and is set in tvpe by
a type-setting machine in the very act of arriving.
Further, by the International Telegraph Congress
it was settled that for all international telegrams
only the Hughes instrument and the Morse were to
be employed.

In 1875, Professor Hughes introduced the type-
printer into Spain, where he was made a Com-
mander of the Royal and Distinguished Order of
Carlos III. 1In every country which it was taken
to, the merits of the instrument were recognised,
and Professor Hughes has none but pleasant
souvenirs of his visits abroad.

During'all these years, the inventor was not idle.
He was constantly improving his invention; and
in addition to that he had to act as an instructor
wherever he went, and give courses of lectures
explaining the principles and practice of his
apparatus to the various employés into whose hands
it was to be consigned.

What with this work, and his various journeys,
Professor Hughes can have had little time for
original workin other directions. But very soon after
the type-printer was finally off his hands, his atten-
tion was drawn to the telephone. The researches
of Sir William Thomson on the variation of electric
resistance in a wire subject to stress, led him to
enquire whether or not sonorous waves could not
be made to vary the resistance of the wire itself of
the telephone circuit by stressing it, and the result
of his discovery was, as everyone knows, the
microphone. The Hughes type-printer was a
great mechanical invention, the greatest in tele-
graphic science, for every organ of it was new and

had to be first fashioned out of chaos ; an invention
which stamped its author’s name indelibly into the
history of telegraphy, and procured for hin a special
fame ; while the microphone is a discovery which
places it on the roll of investigators, and at the same
time brings it to the knowledge of the people. Two
such achievements might well satisfy any scientific
ambition.  Professor Hughes has” had a most
successful career : and probably no inventor ever
before received so many honours, or bore them
with greater modesty.

THE SOURCE OF SOUND IN THE TELE-
PHONE,

AN EXPERIMENTAL INVEsSTIGATION BY A1D OF THE
MicrorHONE.

—

By Pror. D. E. HUGHES.

—_—

A RECENT discussion upon the theory of the tele-
Phone® has caused me to make a series of experi-
ments to determine if the sounds in that instrument
were procuced by the molecular action described by
De Ia Rive, Page, Wertheim, and others, where
sounds were heard in wires and electro-magnets
upon the passage of a strong intermittent current
through them ; orif simple clectro-magnetic attrac-
tions and repulsions were sufficient to fully account
for all the phenomena of the telephone.

From a few experiments made some time since
without any diaphragm and in which sounds and
speech were perfectly reproduced, I was inclined
to believe that we must look to the molecular action
as playing a very important part, but on submitting
each part of the telephone to experimental investi.
gation by aid of the microphone, I have been led
to believe that the molecular action is so fechle
compared with the electro-magnetic attractions and
repulsions, that its action has really no important
réle where we deal with such feeble currents as are
generally produced in the telephone.

In order that the telephonic effects should be
strongly marked and at the same time too weak to
produce any molecular sounds, three elements of
Daniell's battery were employed. These gave me
telephone sounds sufficient to be heard at a distance
of two or three feet, but at the same time, on sub-
mitting each part to the microphone so that it should
take up only those sounds due to the organ sub-
mitted to its examination, no sounds were heard
that could be fairly attributed to molecular actjon,
whilst the effects due to known electro-magnetic
action were extremely marked and distinct.

The microphones, which were vertical ones, were
arranged in two distinct circuits, the first being used
as a transmitter of undulatory currents to the tele-
phone coil which was under Investigation, the second
microphone was attached to a small board 6 inches
square and insulated by india-rubber feet, and wires
were led from this microphone through a battery
to a telephone ; the batteries in each circuit was

Comte du Moncel and Col. Navez,

See TeLecraruic
Journar, Sepe, 1, 1873,
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three Daniell’s elements. The transmitting micro-
phone was placed in a distant room and the source
of sound generally used was an ordinary French
veveil clock, this giving the maximum of sound
obtainable without interruptions of circuit. In many
cases the results were verified by transmitting
speech ; but I had long before found that whenever
the peculiar timbre of the clock could be heard,
articulate sounds were also perfectly reproduced.
By this arrangement, the microphone being so
adjusted that it was only sensible to sounds
mechanically transmitted to it through the hoard,
whilst insensible to sonorous waves transmitted
through¥the atmosphere, each organ of the tele-

phone could be investigated separately by putting
that piece alone in contact with the microphone
table, whilst the other organs were held at certain
distances in the air.

The following is a sketch of this arrangement i—

1st, or transmitting circuit :—c, clock, or source
of sound; Bl, battery; E, coil, resting on sound
microphone table ; “M!, microphone transmitting
electrical variations of current produced by clock
c; F, natural magnet, held at certain distances but
insulated by air from mechanical contact.

2nd, circuit upon which sounds produced upon
the table were au by the microphone and
transmitted to the receiving telephone; M?, micro-
phone; »% battery; T, receiving telephone, or

nﬂ%pghms_xmu
his arrangement was used throughout the

following microphonic experiments, and as we have
now only to change the coil E, or afix to the
table » any part under investigation, we shall in

future refer only to the table D.
I will fow speak of the experiments, which

have all been reproduced several times at distant
intervals, and on describing each, I will give the
reasons for its result as they appear to me.

CotLs.—Experiment L.—The ordinary coil of a
telephone being placed on the table gave out no
appreciable sounds. (I may here remark that,
when I say no sounds, I merely state that with

- the feeble undulatory currents employed, no sounds

were heard, although this same current was suf-

& &gi,ent to produce exceedingly loud tones when ail

! @ organs of the telephone were put to ether and
ﬁﬁér y adjusted.) In theabove case feeble sounds

M

»~

|

were heard if the battery was increased to_twenty
elements. _Different coils of size, shape, and number
of wire were tried, but no sounds were audible on
any, On now approachin% a_ strong bar magnet
(6 x 1 inch) near to the coil, say 1 inch distant, I at
once hear the sound with all its peculiar timbre,
the sounds increasin% or decreasing as I put the
magnet nearver or arther from the coil. The
sounds, however, at their maximum, were but
one-fortieth (approximately) of ordinary telephonic
ones.

It is here evident that the sound is due to the
mutual action between the current in the coil and
the strong magnetic field, in other words to that
electro-magnetic action which tends to cause a
current in a wire crossing the lines of force in a

magnetic field to move in a dirgction perpen--
dicular to itself and to the lines of force which it

Crosses,
> dwbnide

11.—A coil of fine iron (covered) wire (No. 30) gave
out at first no sounds, but gradually became audible
as the wire itself became magnetised by the current.
If the bar magnet was brought near, the sounds
were much louder than the cogper coil, being
about 15 of telephonic ones. The magnetic field
is here increased by the wire itself being a
maguet.

II.—Two coils of copper wire of similar length
but of different shape ; the one being 2_inches in
height by 1 inch diameter, the other a flat coil of
2 inches diameter by j-inch; each being tried
separately it was found when the pole of the
magnet was held near their centres that the flat

coil eave out double the sound of the other,
but if held near the sides, the reverse effects took
place.

(The

éggg,surface of the flat coil explains the
increased sound when a magnet is held over its

centre, but in the second case the longer surface of
the 2 inch helix explains its increased action.)
IV.—The coil resting upon table giving out clear
sounds when the magnet was near, the magnet was
replaced b il of an electro-magnet without
its iron core. With a strong local battery passing
through this coil similar effects to those of the
magnet were obtained, though not so strong, owing
to the difficulty of inducing so strong 2 magnetic
field as the magnet alone; but on introducing its
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iron core the sounds became ‘as Toud or 1otdet in’
proportion to the strength of the field'of force. '~

—If a flat magnet was laid "on the table and
the coil held@ata distance, the soun er
and mo T the cases when the coils
were placed on the table. If the magnet was inside
the coil and also resting on the table, the sounds
were not nearly so loud as' when the coil rested
simfly beside the magnet. ' /7 Rt

(In this case if the coil was absolutely fixed upon
the magnet and no movement possible of the
copper wire, we should only have the sounds due
to the ma§net and coil reacting upon- the earth's
magnetic field, and I found that if the coil was
logse, much louder sounds were obtained than when
1t was fixed ; but when it was placed flat on the
side of magnet the full electro-magnetic reactions
of coil on magnet were observed, consequently the
sounds proved to be much louder than when the
magnet was placed in the centre of the coil.)

L—If instead of the bar-magnet both pol a
horse-shoe magnet were introduced, the sounds were
still heard, but far more marked when the coil lies
on the sides of the horse-shoe. In this experiment
the north and south pole, both being in the same coil,
it would be natural to believe that one should
neutralise the effect of the other, and I originally
held this to be an argument in fa
cular the ut we shall see in experiments under
the head of “pendulum” that it is fully explained
by the greater effect of the magnetic attractions than
the repulsions.

VII.—If on one end of the bar magnet with its
coil a microphone was attached so as to beinfluenced
only by its elongation, no sounds whatever were
heard—although 1t was sensitive to a_hair lightly
drawn across the pole. No trace of sound whatever
could be heard; thus, if the sound was due to
molecular changes, we should have certainly ex-
pected to have heard slight sounds at least from an
undulatory current whic
electro-magnetic changes to give out the loud tones
upon the diaphragm, as already mentioned.

VIIL—If upon the microphone table I strained a
wire 6 inches long, similar to a musical string, and
through this wire pass the current, T heard no
sounds ; but on puttinia strong horse-shoe magnet
so that the wire was between the poles (which in
this case should.not be apart more than § inch),
I heard very plainly, and remarkably so, when we
consider that in the case above mentioned, there
were but a few inches of the wire under the
influence of the magnetic field. Sounds were thus
obtained from a wire only one centimetre long on
the board ; fine ironwire gave out the loudest effect,
but this was found to be due simply to its becoming
magnetised and thus reacting more strongly on the
field of force.

(In all the above experiments the sound obtained
was not at its maximum more than one-twentieth
of telephonic ones, so we cannot consider any of
these points as predominant sources of sound.)

IX.—ARMATURES OR DIAPHRAGMS.—An iron
armaturé, no matter what form or size, when
placed upon the microphone table gives out_loud
tones, the magnet and coil being held in thé air and
thus insulated ; the loud tones can only be due to
the armature in contact with the table.

(The sounds here are due to magnetic attractions,

?
“

was producing sufficient -

- the centre

the loudness depending upon the best conditions
for'movement and rapid action in a strong magnetic
field. 'In some following experiments this point will
be elucidated.)

X.—1If a copper coil without the magnet, is held
above these‘a%%ﬁ!ures, the sound is comparatively
weak.  An iron coil gives louder tones, due to its
becoming magnetised, but both are very weak com-
pared with those given by the side of the natural
magnet. An electro magnet with iron cores was

not equal to the natural magnet, because the battery

was too weak to induce a HnFYrmagnetic field.
XI.—With different metals and non-conductors,

such as wood metallic

od, glass, gutta-percha, Ivory, metalli
oxides, &c., &c., it was found that all conductors, if
sonorous, gave out sound ;- but no continued trace
could be found with mercury, and but slight traces
with lead, All the non-conductors gave no sound
whatever. BRI
Compared with iron the following is an approxi-
mate value, being the mean of several repeated
experiments :—

Iron e 100
Silver ... 10
Copper ... 9
Bronze ... 9
Zinc 8
Gold 8
Brass 7
Cadmium... 6
Tin o~ 4
Lead 2
Carbon ... 2
Mercury ... o I

Wood, Glass, and all non-conductors o

(All the above non-magnetic conductors gave out
sound by direct mechanical movement, caused by
the induced currents re-acting upon the magnetic
field, giving repulsi where iron was attracted.
This will be shown in some following experiments.)

XII.—With all the non-magnetic metals, the
sound was loudest if the armature had a large
surface, as a glate or sheet ; the sounds were at their
maximum whe magnet and coil were held over
: , and gradually diminished
when moved towards the edges.

(This shows the importance of the diaphragm
form of armature, and in the case of copper, the
induced currents had a wider field for action when
the magnet was held at the centre than when at its
cdges.)

XIIL.—Each_metal gave out its own Farticular
timbre, which could be perfectly reproduced by
touching it with a small strip of thin paper at the

o{nt where the centre of the magnet had been

eld.

(This shows that the suppos ] s
were really mechanical movements which could be
reproduced by a feeble mechanical effort.)

XIV.—A coil of insulated copper wire placed on
the table as an armature, gave but feeble traces of
sound if the two ends of the wires were insulated,
but on joining the wire or short circuiting the coils,
loud and distinct tones were always obtained.

(This proves that the sounds are due to the
re-action of induced currents in the coi e
magnetic . -
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XV.—A coil of uncovered copper wire gave out

~ounds if thqgﬂmwn_grﬁm:_se_d, being then
milar to a copper plate, where thé currents can
fow in ¢l ircuits.

XVIL—A flat magnet gives out louder tones than
an iron armature of the same form, and a still
more remarkable difference is observed if a coil
alone without its magnet is held above. In this case,
the magnetic armature gives out tones ten times
stronger than the simple iron, thus showing

again the necessity for a tic fiel

acti
XVIL—A coil of covered iron wire gives out the
same amount of sound whether the circuit be closed

XVIIL—A thin iron plate armature gave out loud
and clear tones; these tones were but slightly di-
minished by the interposition of another thin plate
or plates, of iron, between the magnet and coil and
armature. Sounds were thus obtained through
fifteen interposed iron diaphragms, being then but a
quarter of the original sound. If, however, the
sum total of all the diaphragms could have been
utilised, the total sound would have been greatly
augmented.

IX.—The coil of covered copper wire was

laid on the top of a fg%ggtge_jmn_um; the
natural magnet alone held above this, gave out

~““ztrong tones, but if the coil was placed underneath
Lt ferrotype, the sounds were but one-third of its

revious force ; this shows the advantage of having
the coil direct in the magnetic field, between the
magnet and its armature, In both cases, sounds were
scarcely audible when the natural magnet was with-
drawn : they were not one-twentieth of the original
sound intensity,

(From this we cannot expect any perfect electro-
magnetic telephonic arrangement which does not
employ a strong magnetic geld for it ions.

XX.—If we place on the micro
solid cube of iron- (2 inch cube), the coil and magnet
being held at a slight distance, we hear distinctly the
tones, but far more feeble than in the case of
ferrotype of the same diameter., With the ferrotype
we hear a clear ol vith each tone, but
with the cube of iron there was no such ring, the
tone being dull and muffled ; in fact, the tones were
those of the mlcrolghone table itself, thus indicating
that the slight mechanicalmovement of the iron cube
was transmitted to the wood, which, by it elasticity,
became in reality the diaphragm or source of soung.
To prove this, wé Tound that sounds increased up to
the moment when the natural magnet touched the
iron, when they attained their maximum. On press-
ing the magnet on the iron with fgradually increasing

aded until but slight

aces were audible. On removing the pr

sounds increased until the magnet raised the iron
slightly : here was the maximum; but the instant
the iron by its own weight broke the contact and
thus again pressed more heavily on table, the sounds
almost disappeared. Compared with the ferrotype,
it was found that the latter gave out louder tones
with the magnet and coil held at 3 inches distance,
than upon the cube of iron at 4 inch distance. At

5 inch distance but feeble traces of sound could be

heard in the cube, whilst the ferrotype gave out loud

with its m‘%ﬂ_,pf-nuhmmlli_c_rjng. In both
- the peculial timbre of the cube and the ferro-

@ thin

type could bereproduced by touching it lightly with
a thin strip of paper; thus, aslight mechanical move-
ment would easily account for the sounds in both
cases. \

XXI.—A ferroty iaphragm laid loosel
microphone table.” Magunet and coil held above gave
oufWﬁ'ﬁ_e’a‘Eh sound a metallic ring exactly the samo
as when the same diaphragm was held to the ear
and slightly touched by a piece of paper. If it was
fastened on the table by its circumference, as in the
telephone, we had one dominant musical note with
each_sound. If fastened only at its centre, tlie
metallic ring would be prolonged long after electro-
magnetic sounds had ceased, it bcix%v then in a con-
stant state of vibration from the slightest extraneous
cause. I we glued or fastened this diaphragm to a
thin cardboard, the metallic ring disappeared, and
the t e_slightly weaker and muffled, If
the diaphragm was glued throughout its surface to
a similar piece of pine board I inch thick, the
tones became very weak, resembling the cube of
iron, and the tone was no longer that of iron, but
that of wood.

(This shows that the tones could not be due to
any particular molecularﬂ%@m in the iron
plate, but that the tone or timbre is due to the body
actually in movement, as the metallic tones of iron
can be gradually masked, partaking of the in-
termediate tones of iron and wood, until, by
increasing the thickness of wood, the metallic tones
are entirely lost by the prgdominance of those of
the wood.)

XXIL—The surface of a diaphragm of cardboard
had glued to it ﬁamllel layers of thin uncovered iron
wire ; this diaphragm gave out the tones of card-
board either on the microphone table orifit replaced
the ferrotype in an actual telephone ; in both cases
the tone was comparatively weak, compared with the
same amount of iron and surface in the ferrotype, a
result due to the want of elasticity in the cardboard.
The same iron wire glued to a thin glass plate gave
out clear, sharp tones, but the tone was that of

lass, and not that of iron, From this we should
judge that the varnish on ferrotype serves an
excellent purpose in slightly muffiing the metallic
ring of the iron plate,

XXIIL~—In order to see if we could render these
movements of the diaphragm visible to the eve or
touch, a thick tin plate diaphragim was placed in a
telephone in direct circuit of the first transmittin
microphoniccircuit. The sounds were very clear ang
loud, but ummrgtrmm_m_mw
could be perceived by the eye or Avery thin
charcoal iron plate"was Tiow used ; the tones were
louder than before, but still no visible movement.
This plate then had a small narrow se
of it from the circumference to the centre,

@,

The sound was sli hdﬁ diminished, but strong
movements were visible both to eye and touch ; by
placing th he divided porti

M_ portion_not-only
could every beat of the clock be perfectly felt, but
its peculiar timbre in a sTight degree recogniscd.
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(Here we have transformed a sound which in the
first place gave out no visible movement, and which -
might from this be supposed to be due to some

molecular motions, into®one of direct mechanical

movement recognisable by touch, and where mole-
cular action is not at all fiecessary to its expla-
nation.z’

XXIV.—Knowing that each diaphragm in a tele-
phone has its own dominant tone, which accom-
panies all sounds emitted, the diaphragm was
divided into two glightly unequal portions. Clear
loud tones were then produced as before, but they
were accompanied with two dominant tones—in
fact, a chord, due to the different dominant tones of
each segment of diaphragm. By chance they hap-
pened to be an exact fifth, and the word “tele-
phone,” like all other words transmitted to it, was
accompanied by the dominant chord, thus:

- (3
] '

e

and I am convinced that by proper arrangements
four segments reproducing the whole cord could
have been obtained, thus :

’

(To be continued.)
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at all, unless it be for lighting up their workshops.
There are, indeed, signs that the companies recognise
the hopelessness of attempting to monopolise
the electric light, and are confining themselves to
developing the capabilities of gas.

THE SOURCE OF SOUND IN THE
TELEPHONE.

AN EXPERIMENTAL INVESTIGATION BY AID OF THE
MICROPHONE.

By Pror. D. E. HUGHES.*

(Continued from page 435.)
PexpuruMm ExpERIMENTS.—In order to verify the
preceding experiments on a different system of
observation, by means of which the attractions and
repulsions could be rendered visible and the force
estimated by its mechanical movement, the fol-
lowing instrument was constructed :

wire, the coil being brought tvithin  inch of it, the
key being opene losed synch with
swing of pendulum so as !
swing, gave but feeble "results, the maximum
swing being but } inch. Iron bar introduced
into coil improved it, giving # inch swing.
Magnet in coil gave strong effects, but in order to
measure its full effect it was necessary to remove
the coil to 2 inches distance, yet even here the

effect was remarkable, giving flrl%z_mdm_SMg.
Each closing of the circuit was tharked by a strong
action on the rod ; and taking into consideration the
increased distance of the coil, the effect was fully
twenty times as strong with the induced magnetic
field as with the simple coils alone. The magnet,
when removed from the coil and placed at the back
of the rod, the coil thus being on the opposite
side, gave feeble results, the swing being but
$ inch. If the magnets were placed at both
ends, one in the coil and the other at the back of
the rod, the swing was but 1 inch; the rod had
an unstable movement as it fell under the influence
of one or the other magunet. The swing was at
its maximum when both magnets were placed in

to sustain 3

16, 2.

A A. Wooden stand for sustaining the pendulum
wire.

p. Thin copper wire, hair, or glass thread, to
sustain the piece of iron, or “bob,” under observa-
tion, and by the weight of the Dob and its freedom

".of motion to serve as the rod of the pendulum.

/. Iron, copper, or other metal bob under in-
vestigation ; the degree of continued swing being
the approximate and comparative measure of the
force of action upon the bob from the coil, magnet,
&ec.

¢. Coil in communication with the three Daniell’s
elements. This could be shifted near or far at will
by a slide,

m m, Magnets, which could be used at will to
induce a magnetic field.

K. Key for closing the circuit, giving at will pro-

longed or momentary currents. By the introduc-
tion of a hammer and anyil microphone, undulatory
currents cou ¢ used ; but as no difference was
found except in the degree of force exerted, we will
speak only of the maximum effect obtained in mak-
ing and breaking circuit by the key.

8. Battery.

XXV.—A small rod_of iron wire 4 inch long,
/ath inch in diameter, being affixed to pendulum
?3;:?'.

]

7T ayel
y %rm by a contemporary.
—————

Communicated bg Iilxgz Hucuzs to the Telegraphic Fournal,
the article has n c¢opied in,_a_mutilated

the coil, the similar poles being together ; it then
reached 24 inches.
XXVI.—Horse-shoe _magnet or contrarv_poles
being introduced into the colls in pl;m
magnet, the iron rod at once placed itself at right
angles, and on the passage of the current through the
coils, would turn on its axis slightly as a galvano-
meter. Notwithstanding this it commenced at once
to swing, giving at its maximum I inch range. At
first glance we should have supposed that the rod
woulg simply have turned on its axis, but as the
attraction is much_stronger than the repulsion, we
had here the differential results, of this action, and
consequently thi; explains why we hear the sounds
in a telephone whose magnets consists of two sepa-
rate a ing .g
XVIL.—Copper, zinc, silver, and all non-
magnetic bodies attached to the pendulum in the
place of the iron show feeble repulsion where iron
shows strong attraction, The swing obtained from
copper, &c., was very feeble, not being more than
4 inch at the maximum, and that only when the
coil was as near as possible. No effect whatever
could be obtained by the coil alone, but the intro-
duction of the magnet at once gave evidence of
the repulsions,
XXVIIL—A coil of fine covered copper wire
placed on the pendulum gave no repulsions as long
as the circuit of this coil was open< but on joining
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the wires so as to form a closed circuit in which the
included currents could circulate, clear repulsions
were obtained.

(This proves that the movement obtained is due
to theh;;_'ql_ction of the induced currents upon the mag-
netic field, and as these currents are in the contrar
direction to the direct or primary currents,'rm[‘:_
sion_instead of attraction takes.place, This fully
explains the reasons of repulsion in all the non-
magneti ) . and also why we obtain
sounds from such bodies

XXIX.—A coil of fine (covered) iron wire having

replaced the copper coil, gave strong attractions
and but little diffierence could_hcm
circuit of the coil was ¢closed or open, owing to the
fact that the greatly increased swing necessitated
the removal of the primary coil.  In the case of the
copper coil we had but one-cighth inch swing at
the maximum, but with the iron coil 2 inches. (No
doubt the induced current in the closed iron coil
reacted upon the magnetic field tending to feeble re-
pulsion, but the strong magnetic movement of the
ron so overpowered it as to render it almost
inappreciable.

XXX.—All non-conductors gave no evidence of
movement simply from want of a conducting body
in which the induced currents could circulate.
With copper, zine, &e., short momentary contacts
were quite as elfective as prolonged ones; but
with iron a very marked difference was shown
in favour of prolonged contacts, thus showing that
the movement was not due to an* instantaneous
mollg(:_wnw, but simply to electro-magnetic
attractions, as we have all long since understood.

XXXL—If we take two small bars, one of tem-
pered steel magncetised, and the other of soft iron,
both being exactly the same size, and placed alter-
nately on the pendulum, we find that the maximum
of swing is obtained with the steel bar, it giving
3 inches swing for 2 inches of soft iron. If we
place in the coil a bar of soft iron similar in size to
the permanent magnet, we obtain but 1 inch spring,
Knowing as we do, that iron possesses far greater
power as regards electro-magnetic changes under
a given force than steel, the superior results obtained
by the use of a steel magnet, both in the coil and
on the pendulum, can only be due to a greater
change in the field of force, and not to eclectro-
magunetic molecular change in the magnet itself.

(70 be continned.)

]

PRITCHETT'S IMPROVEMENTS IN
TELEPHONES.

Tur Dual TreLEPHONE.—Telephones as now gene-
rallyused consist of the well-known cases held by
the hand, and are applied to the ear and to the
mouth for receiving and transmitting purposes.
By a patent recently published, the disadvantage
and uncertainty consequent upon shiiting _the
instruments, or by using tivo separafe instruments,
is obviated. Onc form of instrument covered by
the patent is shown by fig. 1. One end of a
hinged and covered magnetised bar is fitted with a
padded receiving ear-picce, and its other end is
fitted with a transmitting mouth-piece. This in-
strument is held by one hand, and is adjusted to the

|

car and mouth by one motion, obviating any shift-
ing or the necessity of having to use_two ‘tele-
phones.

Another great advantage is that this form of
instrument leaves one hand free lor writing or
reporting as the message arrives at the ‘ear, whilst
at the moment alter the user can transmit or ask
for a repetition of a message or word by means
of the mouth-piecce. ‘This form, the patentee, Mr.
G. E. Pritchett, F.S.A,, of Bishop's Stortford, Herts.,
terms a dual telephone.

Tue Truve Terepnone.—Another form (fig. 2)
shows a"nearly Smitiarrangement ina triple form.
It has two ear-pieces for receiving, and one mouth-
piece foF Transmitting purposes, and is held by the
handles A shown in the figure. The car-pieces in
Both T gs. beinmg-prdted T dedden external sounds,
and make the instruments] Which are light and
handy, very useful. Both instruments can be
folded up and placed in the pocket or in a small
case, and connected and disconnected at will with
circuits as required.

Fig. 3 is a very handy form of instrument where
it is desirable to have bath hands free for writing,
&e. It consists of a pair of Bént magnetised and
covered bars fitted with padded ear-pieces and ad-
justed to the ears. These ear-picces are secured to
the ears by an elastic band passing under the chin
and over the head. ” THe Wwires are commected up in
the usual way, and brought from any convenient

oint or from a reel as may be desired, thus both
hands of the person receiving are free, and he can
report, write, and manipulate with other instru-
meats at will. A tube is inserted above the disc
for transmitting as required. It cannot il to be
seen how useful such instruments will be to gentle-
men connected with the press or law courts ;
whilst for transmitting purposes Nos. 1 and 2 are
adapted for relay, as the operator can transmit as
rapidly as W 7Cceives, it being only necessary to
connect up the mouth-piece with the required cir-
cuits by bringing the electric switch into use.  #,

Iig. 4 shows Mr. Pritchett's method of Lapping
existing telephone-cases so as to form them into
multiple instruments. The caps are formed of any
suitable material, and are attached to the top of the
telephone. A clip at 1 is adjusted to fasten on to a
coat collar, of a strap or button may be used to
suspend the telephone,  Jvom the cap or caps a
self-adjusting tube is carried up and adjusted by a
nd or otherwise o the car ; or the tube may also
be carried on to the other ear, and Sectired by an
clastic band, so as to bring both ecars into use for
receiving. A mouth-piece is also formed in the
caps for transmitting purposes, as shown at c.
Thus the hands of the persons using the telephones
are entirely free for writing or manipulating, as
before mentioned. One telephone takes the place
of two or more if desired.

Fig. 5 shows ordinary telephone cases, mounted
on”an adjusting stand, which can be placed on a
table. Above the telephones a horizontal hollow
bar is adjusted, provided with projecting picces
fitting down into the mouth of the telephones.
Irom this bar_several elastic tubes can be led off
and handled, aiid used Tor receiving or transmitting
purposes. :
could, one and all, receivéd and note down
““speeches” or “evidence” at the same moment,

ra

PR L SN S

For example, a number of reporters

Ry
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THE SOURCE OF TELEPHONIC SOUNDS.
IN this issue we give the conclusion of Professor
Hughes' interesting investigation into the source of
sound in the speaking telephone. These experi-
ments are of course applicable only to those tele-
phones, typified by the Bell, in which a magnetic
field and diaphragm are employed ; and they show
very clearly that we cannot hope to improve an
electro-magnetic telephone by abandoning either
the one or the other. :

Without the telephone, the microphone would
not have seen the light ; but in the work in question
Professor Hughes has paid his debt to the telephone
by investigating the true source of its sounds, with
the help of the microphone. Many of the results
educed in his research had been got before ; but
no one has so thoroughly and consistently traced
the telephone sounds to their seat as Professor
Hughes has done. The condition of the problem
before these experiments were made was well stated
by Professor Fleeming Jenkin (see TELEGRAPHIC
JourNar, Vol. VL, p. 441, Nov. 1), who referred
the chief source of sound to molecular action in the
core (Page effect), supported by the vibrations of
the disc. “Thus,” he says, “when the* ferrotype
receiving disc is present we hear at least two simul-
taneous voices—thenvoice of . the disc, which 15
strong, and the voice.of the.magnet, which is weak.
When for the ferrotype disc we substitute a wooden
plate, this plate will act as a sounding board for the
Page cffect.” When the diaphragm is a conductor a
third source of sound (Ampére effect) is caused
by the induction of the changing magnetic field ;
and a fourth source might exist in the self-induction
of the coil on itself (De la Rue effect).

It remains to be seen what interpretation different
savants will place upon Professor Hughes'results ; but
it appears to us that the Professor’s own conclusions
are just, and that the main source of sound in the
telephone is the sensitiveneds of the diaphragm, as
a magnet transversely polarised, to changes in the
magnetic field around it.  On this supposition, were
the earth’s magnetism powerful enough, no per-

manent magnet would be required for the tele-
phone. It appears to uémm
Prof. Hughes' paper will lead to improvements, not
only in the telephone itself, but in other electro-
magnetic and induction relations. It will be seen

from it that the inventor of the telephone, groping
blindly as he did, has arrived at a form which is

'

7

Very nearly the best theoretically. The improve-
ments on it that may be effected relate to the thin-
ness and elasticity of the plate, and the form of the
coil and its position with respect to the magnet and
disc.

Experiment XXXII has a particular bearing
on the changes which go on in a magnetic ficld, the
action of the current in the coil when the current
passes being apparently to quench the magnetism
of the field around the pole of the magnet. This is
a case which might be clucidated by Prof. Sylvanus
Thomson's magnetic figures, and we take the liberty
of recommending it to his study.

In conclusion, we may add that we shall shortly
publish an investigation by Prof. Hughes in a dif-

¢/ ferent direction, and which, we think, will open up

an entirely new field of research and electrical
advance.

THE SOURCE OF SOUND IN THE TELE-

PHONE.
AN EXPERIMENTAL INVESTIGATION BY AID OF THE
MICROPHONE. ot

By Pxor. D. B, HUGHES,

(Conclnded from page 471.)

XXXIL—Pexpurum EXPERIMENTS, Continued.—
If the pendulum bob be a small and strongly mag-
netised steel bar or needle, and the flat coil be placed
parallel to it, as in a galvanometer, but at a distance
of 1 inch, the needle turns upon its axis on the
passage of the current through the coil, like the
needle in an ordirary galvanometer ; but if we place
a bar magnet at a distance from the coil and needle
of 2 inches, and perpendicular to the axis of the coil,
we find that upon the passage of the current the
needle has only a feeble tendency to turn on its
axis, whereas it has a strong tendency to swing in
the line of the magnet along the coil ; the needle
being now repelled from the magnet by the current
which attracted it when the same pole of the magnet
was put in the coil. In these conditions we obtain a
full swing.of 3 inches right across the poles of the
coil under whose influence it is set in motion. - We
wish to point out in this experiment the remarkable.
power of the coil on the magnetic field in com-
parison with its eflects upon the magnet itself.
the coil had changed the polarity or distributiol
magnetism upon the magnet, it should ha
so transversely and not longitudinally ;. the
then instead of swinging in a line with. the:
should have turned on its axis, did |
was breught under the: i :

(A confirmation  of
place in the telephon
the coil on the:ma;
exterior - to i
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XXXIIL—If we compare on the pendulum, iron
or steel feebly magnetised, and steel strongly mag-
netised, when acted upon by the flat coil alone, we
find that iron gives but 1 inch swing, steel feebly
magnetised % inch swing, and the same steel
strongly magnetised 2 inches swing. Comparing
again the action of the long ordinary helix and flat
coil, mentioned in Experiment III, we find that the
long helix gives but 1 inch swing against 2 to 3
inch swing 1%1' the flat coil, thus demonstrating the
entire concordance of the pendulum experiments
with those previously made by means of the micro-
phone ; the one giving the results in visible motion,
the other in sound.

The pendulum experiments were repeated by
changing the mode of sus ension, using a square
frame 10'by 10 inches, over which was stretched a
fine linen cloth, the piece of steel or other material
under investigation beinE attached to its centre,
Thus we had a true dia ragm whose movements
were visible, but mmat the mode of
Suspension could not change the laws by which
such bodies are put in motion, we do not ‘deem it
necessary to detail the results which, of course,
were identical.

Again to verify the acoustical results obtained
by the microphone ; a small“wog en resonant box
was used, which could be placed to the ear and
Serve as a mechanical microphone. We could thus
hear most of the experiments; the sound being
sufficiently strong; but although we could thus
obtain indications, they were far less reliable than
those given by the microphone, the box giving outonly
those sounds which were almost sufficiently audible
without, and the tones being not the true timby
of the piece under investigation, but those simply
of the box itself. The microphone on the other
hand revealed sounds which were quite inaudible
without its aid, and rendered the true timbre
peculiar to each object.

The whole of the preceding microphonic experi-
ments were repeated with induced curr in place
of the voltaic currents, The transmitting micro-
phone then acting the primary circuit, the
currents from the secondary being directed upon
the organ under investigation, no difference what-
ever was found in the comparative results, The
eurrent was also reduced gradually by resistance
until feebler than ordinary telephone currents,
giving still the same comparative results. As the
currents decreased in strength the effects dwindled
until’ they finally disappeared. The object of this
experiment was simply to meet any objection to
the effect that the experiments having been carried
on by voltaic currents, the results, with induced or
‘eeble telephonic currents, would be different,

radually faded as the current became weaker.

here can be no reason to Suppose any change of
law as regards the reaction on the diaphragm,
during its gradual decline of movement. For if we
strike a wine glass or bell with sufficient force we
may easily render the vibrations visible, but if we
touch it lightly, we still hear distinctly its und,
althougliits vibrations are no onger visible. Tt is

© We have seen that with strong currents the
movements of the diaphraghi Became visible, and

simply a proof of the wonderful sensitiveness of the
: Wle but Tapid vibrations ; and to

is due the perception of feeble
e ——

mechanical movements by feeble currents in the
telephone. o1 ;5,.';]‘{&3 i

e can clearly trace the telep one backwards to
the one great discovery of Qersted of which the
galvanometér was simply an extension ; and as the
telephone is based upon similar principles to the
galvanometer, it is not so remarkable that both
should be the most sensitive organs we possess for

investigations by means of voltaic currents. The
one is g wisual, the other an_auricular arrangement

of the“same forces, and the - telephone may be
regarded simply as an acoustical galvanometer, or
rather, galvanoscope.
After careful verification
ments (which, it must be understood relate exclu-
sively to those receiving telephones which

employ a diaphragm and magnetic field), I
have come to the conclusion that it is not at

onclusion _that
all necessary to call on any_molecular theory to
explain ‘the action of the telephone, and that all

its effectshave, from'a theoretical point of view,

long been known. From the preceding experi-
ments raw the

of the preceding experi-

inference 'that the extreme
sensitiveness of the telephone to__ fecble but

; 1 is kaown to be, and
that the comparatively large motion that we obtain
in this diaphragm from feeble currents is not £
much due to electro-magnetic changes tnkin;g place
in the diaphragm or magnet itself (see Ex. XXXI.)
as to the sensitiveness, all fixed magnetic bodies
possess to any change in their field of force. And if
we are able thus to perceive sounds from actions so
comparatively feeblebilt is tgiue: to the fact that the
human -ear ‘is ca able of appreciating sonorous
waves caused: b [:noﬁ ) ;.tooil;mll for%he ercep-
tiof ol any other

rapid changes of current is due to a large surface
of _iron _under excellent conditi _ as Tegards
elagticity and freedom of motion in a high magnetic
field,

e

THE WANDERING ELECTRIC SPARK,
By GASTON PLANTE.
THE condensers, with mica plates, which are em-
ployed in the construction of my rheostatic machine
(1), are sometimes pierced when the plates of mica
are very thin, under the action of a current from
800 secondary batteries, in the same way as the
glass of a Leyden jar would be pierced when
charged too highly by an electrical machine. )

These accidents have given me an opportunity of
observing a very curious fact, viz,, the slow and
progressive march of the electric spark, and of note-
ing the successive development of its capricious
sinuosities.

One of the condensers being placed upon an in-
sulated metal plate, connected to one pole of the
secondary battery, if the upper condenser plate is
touched with the other pole of the secondary
battery, a spark bursts ona point of the surface of
the condenser where the mica is too thin, or cracked.
This spark moves about in the form of a small and

(1) Telographic Yournal, Vol. 5 Comptes-Renduys,

Pe 309,
Vol."85, p. 794, and Vol, 86, p. 761,
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EXPERIMENTAL [NVESTIGATIONS BY
34D’ OF THE  TELEPHONE AXD
MICROPHONE. :

By Pror. D. E. HUGHES.

INpucEp CurrenTs.—Up 10 the present time the
microphone has only been used in connection with
voltaic currents, but it has also a remarkable power

when connected with an ordinary telephone to
‘detect induced currents t00 feeble to be observed
upon 2 ‘galvanometer, and also too feeble to be
heard by the telephone alone. In order to detect
feeble. yoltaic or induced currents upon the tele-
phone, unaided l;{l the microphone, We should

ive's Rheotome, in order that by
contacts, @
sufficient number of vibrations of the diaphragm
may be obtained to produce a tone sensible to the

‘construct a Dela
sufficiently Tapid interruptions and

human ear,

" The microphone, however, when used with a clock
or any other source of'sound, not only transmits the
'eﬁular beats of the clock, but all its timbre and its
n beats half
seconds, would in a second give four complete
waves of sound, and superposed on these an infinite
number of variations due to the timbre of the
consequently the waves of
electricity transmitted instead of taking 2 uniform

T
jnfinite varieties. Thus, a clock which
5 J

source of sound,

curve, would be represented graphically thus :(—

o 7a b

et Rl WO

And we shall see in some following experiments
how fully it serves the object intended, giving

them a power of yesearch into feeble induced

currents that we have hitherto not possessed.

‘In the following first series of experiments no
voltaic currents were used. The microphone in a

distant chamber being connected direct to the coil or

organ under investigation, thencé to the telephone

and return wire, thus i —

A, microphone;-ajﬁ‘:d clock.

B, coil in which a natural magnet C, can be

introduced. (h ey
p, telephone. L AVRGETE X
I—Inpuction BY MOVEMENT OF A MAGNET
NEAR THE POLES OF AN 'ELECT MAGNET—
An _electro-magnet with an iron core being
put in circuit with the receiving telephone, 10 bat-

tery being employed, and a magnet made to touch
the iron core, distinct tones “could be heard in
the telephone, confirming what had already been

ithrough a small space, no sound could be heard,

.??"_-;‘—nqi.'._-...
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observed by many experimenters ; but if the magnet
was moved to '} inch distance, and ‘oscillated
consequent upon the current - generated being
feeble and not of sufficient rapidity t0 produce
an audible sound. If, however, under these con-
ditions, one of the wires connecting the electro-
magnet to the telephone line was cut, and the ends
put together again in a loose contact, with but a
slight pressure, so that by a constant yibration
of the first wire, the circuit was made and broken
with great rapidity, clear crackling tones could be
heard by simply “holding the magnet near the
electro-magnet, and it is impossible to hold’ with
the hand the magnet steady enough not to produce
innumerable induction currents, plainly perceptible
on the telephone. That these currents are due to the
unstable position of the magnet whilst in the hand,
is proved by firmly fixing the magnet in @ strong
mechanical ~support, when _the sounds are 1O
longer audible.

1T—In place of the vibrating contact above
described, the transmitting microphone with clock,
but without battery, was employed ; Jouder sounds
could now be heard, or rather the beats of the clock,
by simply moving the natural magnet near the poles
oF the electro-magnet. If we replaced the electro- -
magnet by a simple coil the dock could be distinctly
heard when the magnet passed near Lo the coil, but
more so when the magnet was introduced into the

coil. The coil having an inside diameter of 2 inches,
allowed the magnet to be drawn through it easily
without touchingit. It was remarkable how contin-
wous this induced current becamewhen we moved the
magnet slowly through the coil, thus for 2 magnet
only 6 inches long, we obtained a continuous current
during a slow passage of 3 ceconds. 1f the magnet
moved quickly, sounds were equal to X Daniell
clement ; but when the magnet moved very slow the

111.—Ifin place of moving the magnet near the coil,
-we move the coil itself near the telephone to which
we are listening; we then hear distinctly the cloc
upon the microphone; but if we suppress the micrc
phone we hear 10 sounds or production of induce
c\exlrrents by the moyement of the coil near
t e.
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IV.—If we suppress the coil, having simply in
reuit the microphone and telephone (without
battery), we can hear the clock sounds, simply by
moying a strong bar magnet near the telephone to
which we are listening, and we have thus obtained
articulate sounds which were perfectly understood.
~ Here we have the remarkagfe fact, that the coil
‘of the telephone that produces the current, also, at
~ the same time, by aid of the variations produc;&'ib by
‘a microphone, serves to reproduce upon its diaphragm
the sounds transmitted to it from a distant station..
V.—The above experiment may be varied hya»j?m-
ing the microphone circuit direct to a coil of an
electro-magnet, and the telephone to a secondary
coil surrounding the primary coil. Thus the mi-
crophone is in the primary circuit, and the telephone
in the secondary, both direct and without battery.
If now we move a natural magnet near the two
coils, we hear perfectly the sounds transmitted by
the microphone. We have here simultancously
double induced currents, re-acting on each other
directly in proportion to the innumerable variations
of resistance introduced into the primary circuit by
the microphone. _ i
VI.—Instead of using a coil and magnet we may
Pt ol 'mmt‘

connect two telephones in direct. _with the

4

microphone, and upon pressing gently upon the
diaphragm of ongpondhétenggmwitl{ the other,

we hear distinctly the sounds transmitted by the
microphone, but not those due to the movement of
the finger upon the diaphragm of the telephone; and
with a diaphragm of thin charcoal iron, the slightest
pressure of the finger upon it, is sufficient to make the
microphone sounds audible, and if this pressure is
slightly but continuously varied, we hear the micro-
phone sounds as continuously.

Many similar experiments could be cited, but we
deem that the ones already mentioned are sufficient
to prove that we possess in the telephone and
microphone powerful aids to the inves,ti§ation of
feeble magneto currents. In some following
experiments we will show how remarkable are its
powers in relation to currents induced by voltaic
electricity. :

THE BRUSH ELECTRIC LIGHT.

THE dynamo-electric machine of Mr. Brush, which

was patented in England last year (patent No. 2,003)
~ is attracting considerable attention just now in
America, where it divides public favour with
the Wallace-Farmer machine (see TELEGRAPHIC
Journar, Vol. 6, p. 431), in much the same way as
the Siemens' machine rivals the Gramme in this
country. It is neat and simple in construction,
readily open to inspection, and requires no special
attendance when running. Fig. 1 is a view of the
‘machine as it stands, and fig. 2 is a Iongitudinal
~ section of it along the centre line, while fi L 3isa
vertical section across the middle. It will g - seen

. magnets H H, placed with their like polesNN, § s,
_opposite each other, but far enough apart to allow a
~ coiled armature A to rotate between in the usual
“manner, the currents being drawn off by hard metal
brushes rubbing against a commutator E, on the
shaft to which the armature coils are connected
The novelties of the machine consist in the arrange-

y 1 e seen
 that it consists essentially of two horse-shoe

ment of the armature and the commutator. The
armature A (fig. 1 and 2), consists of a soft iron
wheel, preferably cast, with a heavy rim, fixed by
the hub B to the shaft ¢, which is driven by a belt
on the pulley p. The continuous rim of this wheel
is niched out at regular intervals, and insulated
opper wire is coiled into each niche in the same
all. 't#n the machine represented there

- coils, each occupying a niche in
hito i¢ Gramme armature the irgn rli\;lg
a uniform cross section in every part ; but Mr.
Brush clai"?q%'fotgef ch ,f,g;thth,the projecting
parts between the :

rts betw e coils are brought closer to the
poles of the electro-magn @M.,_where they ex-
Peﬁ"?"‘.‘?'?gt.f ‘ :

are eight s

onger induction, and that these exposed
p g?%?atﬁigy?@gﬁﬁ heat generated in
rapid

changes ‘of magnetism which

t is a peculiar feature, too, of these
es, the Brush and Wallace-Farmer,

that the cores of the armature and electro-magnets

8ol serforated, as shown in fig. 1, by
' for the double purpose o ,getltling

Aot rgyl ST Sy “ "‘
cylindrical holes, for t ub
rid of superfluous material and mcreasing the heat
radiating surface. Another improvement patented
by Mr. Brush consists in insulating from one .
another, either wholly or in part, the two halves of
the armature core which would be obtained by
splitting it in its own plane, The object of this
device is to prevent the electric currents induced in
the core itself by its motion in the magnetic field
from circulating entirely across the rim. By split-
ting up the rim in its own plane, and interposing
insulating material between the halves, these currents
(which traverse the rim in a direction at right-angles
to the direction of its motion) are cut off and con-
fined in their flow to each half of the cross section,
and their heating effect diminished. Instead of em-~
loying a layer of insulating substance between the
galves of the rim, Mr. Brush also cuts a deep narrow
groove round the periphery of the latter, and in this
way, without entirely splitting the rim, he inserts an
insulating layer of air, and secures the advantages
which he aims at. A second groove (shownin fig. 1)
is cut round the sédes of the rim, for a similar purpose.
The arrangement of the commutator is sketched
in figure 4. Each pair of opposite coils on the
armature A are connected together, the end of one
being joined across to the beginning of the other, as
shown at 3 and 7; and the other ends being connected
respectively to contact segments S 3 and s 7 of
the commutator E carried by the shaft. These
contacts are insulated from each other, and form
the positive and negative poles of the two coils
joined together. Brush contacts (¢ F, fig. 3) rubbing
against these as they revolve, conduct away the
current generated. he two segments, S 3 and s 7,
corresponding to coils 3 and 7 of the armature, hold
a position on the cylinder E in advance of those of
the preceding coils, s 2 and $ 6, to the same angular
extent that the coils 3 and 7 are removed from 2
and 6 on the armature, so that the brushes draw off
currents of equal strength from each succeeding
pair of coils and in this way maintain the uniformity
of the resultant current. When a coil is passing
the “neutral” points, at right-angles to the line
joining the poles of the inducing magnets NS, tpe
plates F are in contact with the insulating materi
inserted between the corresponding contacts on the
cylinder g, and thus the coil in question, which is
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‘which are insulated from each other, and connected

cutively with the rheostats, as shown on the
The arm / and spring m are connected with
other pole of the battery s which is also

PV gn b

" connected to the earth. Tothe handle % is attached

a pointer o, moving outside the dial of the instru-
‘ment over a circle of figures corresponding to the
number of rheostats in the circuit.

Connected to one end of each of the rheostats
included in bracket £ is a thermostat, the insulated
screw of which 4 (figs. 1 and 2), is connected to the
earth. On an undue increase of heat taking place,
the band ¢ (figs. I and 2) of the thermostat makes
contact with the insulated screw d (figs. 1 and 2),
and thus completes the circuit with the battery f, as
shewn by the dotted line 2.

The electric current from the battery spassing thus

through the alarum ¢ rings it, and also passing |

through one side of the differential coil 4, deflects
the disc ¢, which is fixed to the axle of a permanent
magnet contained within the coil 2. On the alarm
being thus given, the person summoned moves the
handle # round the dial of the instrument, and as
soon as the spring 7 comes into contact with the
particular plate z connected with the rheostat that
corresponds with the line rheostat which has been
put to earth by the thermostat at the point from

which the alarm is given, the electrical balance of
the differential coil 4 is re-established, and the disc
g returns to zero.

The pointer o indicates the number on the dial of
the station instrument which corresponds with the
number of the place on the station list from which
the alarm emanates. ;

In the plan of the apparatus, as drawn in figs. 3,
4, and 5, only fifteen protected places are shewn,
but a larger or smaller number can, of course, be
connected.

Figs. 5 and 6 shew a train of clockwork brought
into action by a differential relay, which moves
round the contact maker in connection with the
station rheostats in case of fire, until the balance
between the station rheostats and the line rheostats
is re-established, when the indicating hand attached
to the axle of the contact maker (as in the apparatus
worked by hand shown at fig. 3) points to the
number showing the locality of the fire. In this
figure a, a', are the differential coils of the relay ; &
is the contact maker influenced by them; ¢ is the
battery of the line and station circuit, and 4 the
battery of the local relay circuit ; ¢ is the coil of the
alarum, and f is an electro-magnet actuating an
armature g and thus releasing the escapement or
detent A",

EXPERIMENTAL INVESTIGATION BY AID

OF THE TELEPHONE AND MICROPHONE.

By Pror. D. E. HUGHES.

- —

InpucTioN BY Vortaic CURRENTS.—It is well
known how remarkably sensitive the telephone is
to induced currents. They were remarked at once
upon all the telegraph lines, and have in a great
measure prevented its use upon lines which con-
tained several other wires worked by the Morse
or other telegraph systems. The microphone
greatly aids us in researches of this nature, and we
will cite a few experiments which are interesting,
both from a scientific and practical point of view.

The arrangement of the circuits were as follows :
The sounds of the clock being transmitted by the
microphone to a coil of wire, and, from a separate
coil superposed or near this primary coil, conveyed
to an ordinary telephone upon which the results
were observed. Thus—

A Microphonic circuit.

B Telephonic circuit.

¢ Primary coil.

p Secondary coil yielding induced currents which
were listened to in the telephone B.

1.—Two similar coils, of 6o turns, No. 30 covered
copper wire, and 2 inches diameter, the one
being used at ¢ for primary, the second at p for
secondary. Sounds and speech could be clearly
heard in the telephone with a perfection of timbre
very remarkable. If the coils were near each other,
the sounds were nearly as loud as if the telephone
had been in primary circuit; on gradually removing
it, although the sounds gradually diminished, they
could be clearly heard 12 inches apart. In moving
the secondary coil b round c, there was no position
either in a line or otherwise, in which the sounds
could not be clearly heard, and that at really sur-
prising distances, ‘except when they were exactly
at right angles, when there was absolute silence.

I1.—But little difference could be observed in
the induced currents if a magnet was placed in the
coil ¢ or b, but they were stronger if the same magnet
was placed in the centre of both coils. A bar of iron
two feet long increased the force when placed in
coil ¢, and if both coils were placed around the middle

of this bar, 1o inches or more projecting on each side,
the maximum results were obtained, they being far
superior to those from the permanent magnet ; thus
with induced currents a constant magnetic field
induced by a natural magnet plays but little part;
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the electro-magnetic changes taking place in a bar
of iron have important and easily recognisable
effects. -

IIL—The coils ¢ and D being held firmly on
stands at a fixed distance or 4 inches. No appre-

&0

ciable difference could be observed by the inter-

position of any non-conductor, such as wood, gutta-
percha, &e. ; but of conductors there was a difference,
copper being the most marked, equal to six plates
of iron of same dimensions ; but it was remarkable
how little difference this made, for, with fifteen inter-
posed sheets of iron, the sound still had about one-
quarter of its original force, and when we remember
that on each of tgesg plates strong induced currents
were produced, it was remarkable that there should
still haye remained a surplus force to produce the
clear and distinct tones by the induced currents
produced after all this work. -

IV.—Coils being as above, but 5 inches apart,
50 as to allow of the introduction between them of
a half-pound reel of No. 30 covered copper wire,
and ends of this wire left open, no appreciable dimi-
nution of sound was remarked ; but the instant the
circuit was closed by joining the two ends of the
half-pound reel the sounds were diminished so as to

‘be_hardly audible: the telephone here"Ve'fifying'

a fact long well known of the influence of close
circuits in cutting off the induced currents ; but that
the effect is in all cases proved to be but partial
was by the introduction of one or two coils similar
to cand p between them having closed circuits. The
screening effect of these coils was hardly perceptible.

Vi—Four coils were constructed all of exactly
similar: ‘wire and ‘length.  Two were of a flat
wide = surface, 3 inches diameter, § inch high.
The other two were formed after the ordinary
helix pattern of 4n electro-magnet, 1 inch diameter,
2 inches high, Tt was found that the flat coils (used by
Henry, Hare, and Matteuci for induced currents)
were far more powerful than the two ordinary helices
placed at any distance from each other ; the flat coils
were fully three times more powerful. ‘One’ of
these electro-magnetic helices was then unwound
and rewound over the second, similar to the
arrangement in the Ruhmkorff coil; and compared
with the flat coils resting on each other, the wind-
ing of the coil & la Ruhmiorjf; had decidedly improved
their force, but still the flat coils showed a marked
superiority, being about one-half stronger, as near
as it was possible to judge from estimation by
sound. ’ i g

VI.—Ir we change the conditions of the last
Experiment, and replace the coil ¢ by an ordinary
telephone, placing the coil b below the diaphragm, so
that its ordimary coil will be in the centre of this coil,
we shall then hear loud tones in both telephones; the
first in the primary, the second in the secondary,
or induced circuit, and very little difference will be
perceived between them. By this system, a double
telephone can be used, giving double the effect of a
single one, and that without introducing more resist-
ance in the primary circuit than a single telephone,
a very remarkable advantage where two telephones
are used, and what is still more remarkable is, that if
we withdraw the magnet and coil of the primary
circuit, so that it is no longerin perfect adjustment,

iving feeble tones, the second telephone worked
g;' the secondary coil stationary near dia bragm,
gives out almost as loud tones as originally, thus

the secondary circuit then becomes far the loudest
and clearest. . ' (1 ‘o :
. VIL—We have already shown that we can, by the
induction of one coil near the other, hear distinctly
all the sounds of the microphonic circuit. If now,
instead of using one primary coil and one micro-
phonic circuit, we use two or more distinct primary
circuits, each connected with its special microphone,
and these primary coils placed near one another,
the si:gle “secondary coil placed at a distance
intermediary from these separate primary coils ; we
hear then in the telephone not only the clock of the
first primary, but in addition, say, articulate sounds
or: second primary, and singing or music on third.
We have here a compound induction of three
distinct undulatory waves of primary resolved into
one undulatory wave, givin%, us at the same time
the effect of the whole. We might thus have a
piano in one room, singing without words in another,
and words only in the third, and these, not in any
way directly connected to telephone line, would
by simple induction give us the effect of a song
with words and piano accompaniment.
VIIL.—Having seen by numerous experiments that
the 'induced currents act at great distances, we
thought that by simply placing a diaphragm in a
high magnetic field we should hear distinctly from
the diaphragm, notwithstanding that the coil was
separated several inches from it. To this end we
took out the coil of an ordinary telephone, leaving
simply the magnet and diaphragm. The magnet was
carefully adjusted near diaphragm, and the coil ¢ of
the:micrti?(l:one circuit held near this skeleton tele-
phone. ud sounds could be clearly heard when
coil near telephone, no matter in what position or
direction ; the coil might be held several inches
distant, and still the sounds were audible. If we
withdrew the magnet ' no sounds were audible,
however near the coil might be ; but on re-adjusting
magnet, by ccreful listening, the sounds could be
heard when coil was 12z inches distant, and on
placing the skeleton telephone to one ear and the'
coil to the other, clear sounds could be heard. On
removing the telephone, which was not in any
circuit, and listening to the coil which was, and
from which the force proceeded, no sounds what-
ever could be heard. On replacing the telephone,
the clear and coq_lgla_rgtively loud tones “at once
became audible, Thus the electro-magnetic induc-
tion passed through one car unperceived to put the
diaphragm beside the second telephone in motion, by
means of which sonorous waves were at once pro-
duced which that ear could appreciate.

THE CRITERIA OF THE ELECTRIC LIGHT.

WEe extract the following passages from a very
instructive lecture to the Royal United Service Institu.-
tion, by Mr. W. H. Preece ;:—

Heat and light are identical in . character, though
different in degree; and whenever solid matter has
imparted to it motion of a very high intensity—in
other words, when solid matter is raised to a very high
temperature—it becomes luminous. The amount of
light is dependent upon the height of this tempera-
ture; andit is a very remarkable fact that all solid
bodies becomes self-luminous at the same temperature.




