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The Fifty-second Ordinary General Meeting was held on Wednes-
day, the 24th day of January, 1877, Professor ABEL, F.R.8.,
President, in the Chair.

Mr. C. V. WALKER, for the moment in the Chair, after the
transaction of the usual preliminary business, said :—
Gentlemen,—1I retire from this position after a session that has
been very successful in every respect. The success is through no
personal merit of mine. There is nothing in the session just past
to which we can look back with regret, and I am confident that
with respect to.the session now about to commence we shall have
still less reason for a gloomy retrospect when by effluxion of time
Professor Abel, whom I have now the honour of introducing
as your President for the ensuing year, shall in his turn retire.
Mr. C. W. SieMENs: Gentlemen, before the President elect
favours us with his address I have one motion to propose which I am
certain will meet with general approbation—that is, to give a hearty
vote of thanks to our past President, Mr. Walker. (Applause). Mr.
Walker has given a very great deal of close attention to the duties
which he undertook a year ago, and I can say from my own ex-
perience it is a somewhat anxious task to take the chair in a young
Society, which one feels ought to be progressing and become a
large and important Society. I think, under the direction of the
VOL. VI B
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INAUGURAL ADDRESS

By PROFESSOR ABEL, F.R.8., Pres. Chem. Soc.,

PRESIDENT.

(GENTLEMEN,

The rapidity, almost unprecedented, with which the Society of
Telegraph Engineers has attained a position of importance among
the more prominent associations of workers in applied science,
must be in a great measure ascribed to the wisdom hitherto exer-
cised by its members in the selection of the men whom they have
honoured by entrusting them with the management of its affairs.
Few young institutions have been so fortunate in the possession of
Officers and Members of Council, who, with such indefatigable
zeal and determination, have made its interests their labour of
love, and none can boast of a succession of Presidents more dis-
tinguished in immediate connection with the profession and the
scientific pursuits of those who, in delighting to honour these emi-
nent men, have, at the same time, given lustre to the chair of this
Society, and taken the wisest steps towards raising and maintaining
their Association in the proud position which it now occupies among
its kindred.

For once, the Society has laid itself open to have its wisdom or
prudence questioned, by electing to the honourable and important
office of its President an individual who can lay no claim whatever
to any of the high qualifications which have rendered his prede-
cessors in that office specially deserving of the honour conferred
upon them, and peculiarly fitted to promote the interests of the
Society. If to have contributed nothing to the pure science of

B2
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mittee of Privy Council for Trade and the Electric Telegraph
Company, and were published in the valuable Blue Book prepared
in 1861 by that Committee.

The very great variations which were found to exist in the
copper wire employed in the earlier days of submarine telegraphy
had already been traced by Sir William Thomson and other experi-
menters to the differences in the quality of the copper, but it was
evident to the Committee that a complete investigation of the sub-
ject must furnish results not only of scientific interest but of
considerable practical importance, and they therefore entrusted this
work to Dr. Matthiessen, who had already published valuable re-
searches on the constitution and properties of various alloys. By
a systematic series of very carefully-conducted experiments, that
accomplished chemist examined, in the first instance, the influence
exerted upon the conducting power of pure copper (prepared with
great care by electrolysis) by the principal metalloids and metals
known to be naturally associated with it, and afterwards determined
the conducting powers of important varieties of commercial copper,
the impurities in which were then ascertained by analysis, whereby
it became possible to assign to the true causes the great differences
in their value as conductors of the different descriptions of copper
ocecurring in commerce.

In illustration of the importance of the facts established by these
experiments of Dr. Matthiessen, I may mention that the conduct-
ing power of pure copper was found not to be susceptible of in-
crease by alloying or combining the metal with any other substance,
and that certain non-metallic elements, occurring as constant or
very frequent impurities in copper of commerce (notably oxygen
and arsenic), exerted a very prejudicial influence upon the con-
ducting power of the metal. Thus, the conductivity of pure
galvano-plastic copper being fixed at 100, the addition of only
traces of arsenic to the metal reduced its conductivity to 60, while
a specimen into which 5 per cent. had been introduced had a con-
ductivity of only 6°5. The fusion of the pure metal in contact
with air for a short time reduced its conductivity to 76 : the
amount of oxygen, or sub-oxide of copper, taken up by the copper
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impurity thus extracted from the metal was oxygen appeared pro-
bable from the comparatively great affinity of lead for oxygen,
and from the circumstance that the existence of oxygen in cop-
per beyond some narrow limit was known to affect its quality
prejudicially. The view that the beneficial effect of lead is due
to a deoxodising action which it exerts, received further support
from the beneficial influence of the metal in its employment in cast-
ing operations with copper and gun-metal, and Dr. Matthiessen’s
experiments afforded strong confirmation of its correctness.

A sample of pure copper, after fusion in contact with air, had a
conductivity of only 87:25; 0-1 per cent. of lead was added to the
metal, the two being fused together in a current of carbonic acid.
By this treatment the conductivity was raised to 93, and the
amount of lead remaining in the metal was too minute to be deter-
mined.  Corresponding results were obtained with tin. The
alloying of pure copper with 1-3 per cent. of tin reduced its con-
ductivity to 504 ; but the melting together with 0'1 per cent. of
tin, of the sample which had been fused in contact with air, raised
its conductivity from 87:25 to 94°55—only traces of tin remaining
in the copper.

The addition of small quantities of the readily oxidisable sub-
stance phosphorus (which also operates very prejudicially upon
the conductivity of copper) has been found to perform the same
function as these oxidisable metals.

The detrimental influence which the invariable impurity oxygen,
in copper of commerce, exercises upon its electric conductivity, is,
therefore, open to successful attack by the judicious addition of
certain other impurities to the metal, which, while they may be most
beneficially employed as chemical agents, might, if remaining
alloyed with the copper, affect its conductivity as detrimentally as
the impurity which they are the means of abstracting.

The analysis which Maithiessen made of a series of commercial
coppers, the conductivity of which ranged from 14 to 92, and of
six specimens of the core of the Gibraltar cable given to him by
Dr. Siemens in 1860, the conductivity of which ranged from 674
to 907, afforded interesting confirmation of the results of his investi-
gations upon the conductivity of fmro copper, and contributed
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One of the prominent subjects dealt with in considerable detail
in the Report of the Submarine Telegraph Committee, to which
I have already referred, is the character of the different insu-
lating materials employed in the construction of cables; and
the late Professor W. A. Miller instituted, at the desiro of the
Committee, an interesting chemical investigation into the causes of
decay of gutta-percha and india-rubber. Professor Hofmann had
already communicated to the Chemical Society, in 1860, the
results of his inquiry, made for the Director-General of Telegraphs
in India, into the nature and causes of the changes which gutta-
percha was well known to undergo by exposure to air, and with
special rapidity in tropical climates; he established the fact that
they were due to oxidation of the gum, which becomes transformed,
to a more or less considerable extent, into a brittle resinous sub-
stance. Similar results were obtained some years afterwards by Mr.
Spiller in the examination of films of india-rubber which had been
applied as a waterproofing material to felt. Dr. Miller examined
more in detail into the changes which these two gums undergo,
and arrived at the same conclusion as the other chemists, namely,
that the alterations which the gums sustained, resulting in the
gradual destruction of the characteristics which render them pre-
eminently valuable as insulating materials, was entirely due to
oxidation through atmospheric influence, and that such oxidation
was accelerated by exposure of the material to light.

Dr. Miller also pointed out that an intermittent exposure to
moisture, particularly if solar light has access, is rapidly destruct-
ive of gutta-percha, while, if kept continually immersed in water,
it remains practically unchanged for indefinite periods. He showed
that commercial gutta-percha contained already (before special
eitposure to oxidising influences) a proportion of the product of
oxidation, or resinous matter, and he found as much as 15 per cent.
of this substance in a sample of ¢ good ”” commercial gutta-percha,
taken from a piece of new cable furnished to him by Mr. Latimer
Clark. There was also a very notable amount of water (25 per
cent.) mechanically diffused through this sample, which appeared to
him to have some influence upon its toughness and pliability.

The mechanical processes of preparation of gutta-percha have
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water, has developed serious elements of uncertainty—well known
to my audience—in cables prepared by vulcanising processes. The
experience in the durability of cables for military-telegraphic and
submarine-mining operations, which I have acquired during the
last few years, enables me to give a few interesting and perhaps
not unimportant illustrations of the imperfect nature of existing
knowledge regarding the chemical and other conditions to be ful-
filled in the application of vulcanising processes to the preparation
of telegraph cables.

A considerable number of half-mile lengths of vuleanised tele-
graph cable (covered with tape) was obtained from different makers
for military field-telegraph service, and for firing broadsides on
board ship. The cable was apparently of excellent quality when
delivered, but portions issued for service, and therefore subjected
from time to time to the effects of exposure to weather, and in a
- few instances to occasional immersion in sea-water, were found,
within three years, and within eighteen months of the date of their
purchase, to have undergone very serious deterioration ; indeed,
in some instances they had become absolutely unserviceable, the
insulation resistances of the half-mile lengths having in several
instances fallen below 3,000 ohms. A careful examination of some
of these cables showed that, although here and there they had sus-
tained injury from abrasions or punctures (india-rubber-covered
cables being peculiarly liable to the latter kind of injury), their
defective condition was generally due to an alteration sustained by -
the dielectric in parts, whereby the material had become quite
porous, so that even the variations in the hygroscopic condition of
the atmosphere on board ship, where the wires were fixed between
decks, caused decided differences in the results obtained with a
particular battery-power. The continuous passage of a current for
a short time through portions of such wires, while submerged,
restored their efficiency by the sealing of the pores in the insula-
tion by electrolysed gas, as was demonstrated by reversing the
current, which established the original leakage. This alteration in
the dielectric was not uniformly distributed over alength of cable ;
the porosity was in some instances found to extend along a few
feet only, the adjacent portions being in a very good condiion.
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maintaining ourselves in the front rank in the matter of torpedoes
as well as in everything else.

Major BATEMAN CHAMPAIN: I have been asked to second the
vote of thanks to Professor Abel, which has just been proposed by
Mr. Preece. In doing so I will not detain you one minute. I wish
merely to echo the remarks of my predecessor, and to say, I think we
are willing to accept everything we have heard this evening from
our new President, except that with which he commenced his
address. We shall all agree with him that his predecessors have been
men of eminent capacity, but I feel sure you will agree with me
that our standard of excellence will not be lowered by our having
elected Professor Abel as our President. I beg, therefore, to second
the proposition that we give him a vote of thanks for his able
address, and that it be printed and entered in our records.

The motion was carried by acclamation.

The PrESIDENT: I have to express to you, gentlemen, my satis-
faction at the favourable manner in which you have received the
remarks I have brought before you. I wish I could hope to
realise all that the proposer and seconder of the vote of thanks have
said as likely to accrue during my term of presidency. I can only
say, I trust we shall have many interesting communications and
discussions which will demonstrate what 1 have ventured to direct
your attention to this evening, viz., the intimate connection between
applied science and telegraph engineering. Mr. Preece has made
a statement which I confess has taken me a little by surprise. I
was not aware that I had in any way foreshadowed a paper on
submarine mining, either in my address or in any incautious remark
I may have made during the brief period of my holding this chair.
All I can say is, should the subject come before us, I am sure—
though only a small section of the members may be directly inte-
rested in it—many matters of interest to telegraph engineers
generally will be found to be embraced in it, and many points
which may be discussed here with great advantage to those who
are occupied with this particular branch of applied electricity.
Gentlemen, I thank you most cordially.



26 NEW MEMBERS. [24th Jan,

The following Associates were transferred to the class of
Members :-—

Mr. Andrew Bell.
Mr. John Gott.

Mr. Walter Judd.
Mr. William Mayes.
Mr. H. C. Saunders.

The following candidates were balloted for and duly elected :—
ForeieN MEMBERS :

Edward E. Blavier.
Charles Bontemps.
Fedeli Carderelli.
Joseph Lagarde.
Count du Moncel.
Jules Raymond.

MEMBERS :

Robert Punshon.
Lieut. Rogers, R.N.
T. Skinner.

Julius Terp.

W. Wiese.

ABBOCIATES :

Edward Almack.
Samuel Bidder.
James Brown.
George Clapperton.
Charles Field.
John Fraser.

W. J. Fraser.
Henry Goodman.
T. Gothorpe.

T. J. Wilson.

The meeting then adjourned.
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The Fifty-third Ordinary General Meeting was held on Wednesday,
the 14th day of February, 1877, Professor ABEL, F.R.S.,
President, in the Chair.

The PRESIDENT : I have to announce that Dr. Werner Siemens
has been appointed Local Honorary Secretary of this Society for
Germany, and also that Major Bolton has presented to the Society
a portrait of Mr. Latimer Clark, painted by Miss Thompson. It
is a most successful portrait, as those members who attended the
Conversazione will remember, as it was exhibited there; and I am
quite sure the members of the Society will confirm the action
taken by the Council in a resolution which they have passed, viz.
That a cordial vote of thanks be given to Major Bolton for this
handsome donation to the Society.

The vote of thanks was carried by acclamation.

The PRESIDENT again rose and said: I think Mr. Preece will
pursue a course which will be agreeable to the members. Instead
of simply reading the paper, which has been printed for the use of
the members, he will give us a summary of his paper; and,
in addition to the diagrams which we see before us, he will give us
some experimental illustrations.

ON SHUNTS, AND THEIR APPLICATION TO
ELECTROMETRIC AND TELEGRAPHIC PURPOSES.

By WiLLiav HeNrY PreEcE, M.I.C.E., Vice-President.

A.—Object of Paper.

Shunts have become such an essential feature of practical tele-
graphy, and have been so little considered in telegraphic literature,
that I purpose in the following paper to narrate and explain, as
far as my experience will allow me, their nature, employment, and
utility. I do not anticipate suggesting anything that is new, but
I hope to bring together in a connected form much that is now
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6. The Current is a term applied to the whole flow of electricity
from the point of higher potential to that of lower potential in the
source, whatever that source may be, and the position of these two
points gives the direction of the current.

7. The direction of the current with respect to any given point
is indicated by the terms positive and negative—the current which
flows from the copper pole of an ordinary battery being positive at
that place.

8. Currents differ from each other in strength, direction, and
duration only.

9. Currents which follow from, or are brought into existence by
the influence of, other currents are called induced currents. The
inducing current is called the primary, and the induced current
the secondary.

10. The Circuit is the entire path or paths by which the current
flows. The circuit may consist of one simple metallic wire; or it
may be formed by such a wire and the earth ; the current may flow
through several wires with or without the earth by accident or
design ; or it may leak partially or wholly through several supports
to and through the earth.

11. That portion of the current which continues to flow through
the special path provided for it is called the main current, while
the path itself is called the main circuit. The branches which
abstract as it were minor currents from the main current are
called derived circuits, and the currents in them derived currents.

12. A Shunt is a technical term applied to what is thus more
scientifically known as a derived circuit, but it is strictly applied
to a derived circuit when that circuit is designedly adapted to
apparatus for the practical purpose either of measurement or of
working.

13. When wires, forming a portion of a circuit, are joined up
so that the main current is split or dividled amongst several
branches they are said to be joined up in multiple arc, and when
these branches are reduced to two the combination is said to be a
duplicate arc, of which one branch may form the main circuit and
the other branch the shunt. It may and often does arise that
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each branch is equally a portion of the main circuit, and then they
are merely called the branches of the circuit.

C.—Law of Shunts.

1. We will first of all examine the relations that exist between
the resistances and currents of the branches of a multiple arc and
of the main circuit.

Fig. 1.

Let there be several derived ‘circuits meeting at the points V and
V! (fg. 1), forming a multiple arc.

Let the resistances of these branches be », 7, #5.. . . . r, respect-
ively. Let V be the potential of one point and V! that of the other.
Let the derived currents in each branch be ¢, ¢y ¢ . . .. . C,e

Let the current be C and the combined resistance of the multiple
arc R.

Then, since V — V! or the electromotive force (B 3) is the same
for all the branches, by Ohm’s law,

gm=crn=c¢gr=.....=c¢r,=CR...(Q),
R R R
whence c = Cr‘;, GQ=C;2, ..... c, = C;;,
but C=c+cg+es+..... +c,

for the current is neither increased nor diminished in the multiple
arc.
Therefore, substituting for ¢, ¢,, &c. their values from above,

c=0c®icBicB,i. .. 4B
71 s s P
and dividing by C R
11,1 .1 1 .
R—7‘1+;';+-773+ oooooo +7‘._’ . . . . (2),
or, since the conductivity of a circuit is the reciprocal of its resist-
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ance (B 5); the conductivity of a multiple arc is the sum of the
conductivities of its various branches.

Fig. 2.

It is evident that fig. 2 is merely a case of fig. 1, where each
branch terminates in the earth.

2. Prob. 1.—To find the combined resistance of a duplicate are.

Since from (2) % =1 + .1_,

T
. = n7
<. R PSR (3).
3. Prob. 2.—To find the relative strengths of the currents in the
different branches of a duplicate arc.

Since from (1) € P =1y
a_"n
4=z @,

or the derived currents of the two branches of a multiple arc are.to
each other inversely as their resistances.

4. Prob. 3.—To find the relative resistance of the branches of a
duplicate arc to give any required ratio between the derived
currents and the main current.

/-2_——:{\'
c / c
) >C! —/n

Fig. 8.
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Sincein fig.3 C=a+¢ and 2 =73,
G 7N

6 _ 7

a+ec n+r

then by proportion

. . - ﬁ - 7y
and by substitution C=ntr
h o .
whence 6=0_— .
Lo o_r e (5)
similarly 6=C_— ~

Let the current in the main circuit be the n* part of the whole
current, or a =

then, substituting this value in (5),

1__ 7
noor o4y
r
and .°. Pg= g e e (6).

The derived currents in each branch are—

C
"1—;9
c,=C(n;1).
. q_ _1
and .. 6= n=1

th
Thus, to reduce the current in , to any fraction (}z) of the cur-
rent C, it is only necessary to make the resistance of the branch

s (n—i—l)“that of r,.

5. But this assumes that the current (C) remains constant after
the application of the branch », It is, however, cvident that

- if we reduce- the resistance r, to r—r{'_f‘*;— the main current will be
1+ 7
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increased, for in the first instance

E
C=r7w
and in the second instance
. E
C = ﬁ—ﬁ
L

To maintain C constant or to make C, = C, we must insert in tho
main circuit a certain resistance z, so that
@ Nt
"'+R+rl+r, R+ n,
= _"N
Tt

whence

or substituting its value for »; in (5) then z = 7, (n ; 1) o (D)

Hence, if it be desired to reduce the current in », to any fraction
of the whole current we can do so by making the resistance of r;

o
(n _1. 1 ) of that of », provided that we insert in the main circuit a

resistance z = », (n : 1).
" It is evident that this correction may be neglected when », is

very small compared with R.

D.— Use of Shunts for Measuring Purposes.

1. Let us now consider the practical uses in telegraphy to which
shunts have been applied, and first as regards their electrometric
purposes.

2. Wheatstone in his classical paper of 1843,* which formed the
subject of the Bakerian lecture, and which was published in the
Philosophical Transactions of that year, proposed the use of a derived
circuit equal in resistance to the galvanometer to ascertain what

* « An Account of several New Instruments and Processes fur determining the
Constants of a Voltaic circuit.”—Phil. Trans. Part II. 1843,

VOL. VI. D
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to currents that deflect the needle above 15° to show how the
increments of degrees above 15° also indicate equal increments of
current strength.

5. It was not, however, until Sir William Thomson introduced
his celebrated mirror-galvanometer in 1858 that shunts became of
practical importance to telegraphists. It was he also who intro-
duced the very expressive and useful term ¢ shunt.” By applying
to his galvanometer three shunts, }, 4, and 54 of the resistance
of the coils, so that its indications might be multiplied 10 times,
100 times, and 1000 times, he brought this exquisitely sensitive
instrument within the reach of ordinary working currents, and
made it one of the most valuable, if not the most valuable,
apparatus ever furnished to the telegraph engineer

The rationale of the instrument is ngen in the previous
equations, and shown in fig. 4.

T
N/

Fig. 4.
Equation (3) gives the joint resistance (G) of a galvanometer
(9) and its shunt (s),

98
or G= g+s

and equation (6) gives the resistance of the shunt to provide any
given multiplying power () required,

g
n—1

or 8 =

Thus the multiplying power () of any shunt is

n=g+8=‘g+1.

8

It must, however, be noted that these equations are subject to the

corrections given in (¢. 5.) and to the condition that the shunts do
D2
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between current, quantity (Q), and time (t), and it shows that the
strengths of currents can be measured by the quantity of electricity
which flows in a given time. Galvanometers wound with thick
wire so as to offer an inappreciable resistance to the current, and
called * quantity ™ detectors, were used to measure the so-called
quantity of batteries, but Mr. Latimer Clark effected precisely the
same 'object by inserting a small shunt between the terminals of
an ordinary detector, and thus dispensed with the necessity for
carrying two galvanometers on the part of those engaged in the
maintenance of telegraphs.

7. The author, in 1859, applied a shunt to one wire of a dif-
ferential galvanometer so as to multiply the readings of an ordinary
box of resistance coils.

LUNE

Fig. &.

By making the shunt (s) fig. 5, ;;9_—1, g being the resistance of

one wire, the value of the rheostat R would be multiplied » times,

or by reversing the rheostat and the line reduced (,17)“ times. Thus
an ordinary box of 10,000« with a {4 shunt ranges from ‘1¢ to
100,000~. This instrument was called a ‘ multiplying differential
galvanometer.” *

8. Mr. C. F. Varleyt in 1861 applied 4, 135, and y455 shunts

* Minutes of Institution of Civil Engineers, vol. xx. 1860-61.
+ C. F. Varley, Patent No, 3078, 1861.
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by “weather” contacts, the currents on one circuit leaking
through' the insulators and their supports into the other circuit,

une 4
.

w

bed
Fig. 6.

and making such marks upon the paper as to interfere with and
frequently to stop their working. Mr. John Fuller, in 1856—
who was then in engineering charge of the Liverpool station—
finding that these *‘contact’ currents were almost invariably
weaker than the received ¢‘line” currents, conceived the idea of
inserting a shunt S (fig. 6) between the line and the earth-wires,
8o as to reduce their strength below the point of interference,
leaving the line currents strong enough to record signals.

The shunt was a set of coils, constructed of fine iron wire, in-
sulated with silk, each coil being made of different lengths and
arranged so as to be adjustable to suit the varying strength of
the contact currents due to changes in the weather. The result
was successful. The marks came out clear and good, and the
working of the circuit was materially improved. The introduction,
however, of polarised relays and double-current working, and of
earth-wires upon the poles, together with better insulation, entirely
removed these effects of contact. The Bain’s also succumbed to the
less troublesome and cleaner, though far coarser, Morse, so that
these shunts went out of use and are now well-nigh forgotten.

2. But they probably owed their salutary influence as much to
another cause as to the mere shunting of the interfering, curvents
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and final secondary currents in induction coils. The duration
of the secondary currents is dependent upon the duration of the
motion of the field. As long as the influence producing the field
is increasing or decreasing, so long may the field be said to be in
motion, and so long are the conditions that determine the induced
currents existent. Thus the duration of the induced currents varies
with the period of increment or decrement of the strength of the
primary current.

B ——»

- )

5. Now, let us take the case of the coil C (fig. 7), which may be
two or three hundred yards of fine silk-covered wire wound upon a
boxwood reel, such as is usually employed for electro-magnets in
telegraphic apparatus. Let a current by means of the key L be
sent through this coil in the direction shown by the arrows. Each
turn of this coil produces & magnetic field about it, and, as each
magnetic field passes through every other coil above and below it,
a difference of potential is determined in each coil in the same
direction, which, therefore, accumulating in series, produce a re-
sultant difference of potential between A and B. The magnitude
of this difference will evidently depend upon the intensity of each
field and on their number, and therefore will vary with the
strength of the current producing the field with the dimensions o
the core and with the number of turns in the coil.
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would be shown by the curves b8, on short circuits, which, how-
ever, are exaggerated for the sake of illustration. The induced
currents on short circuits are evidently momentary, for the primary
currents assume their maxima and lose their strengths instanta-

Ve +c

Fig. 8.

neously ; but on submarine cables, or on long land-lines, their
duration must vary with the periods of the increment and decre-
ment of the primary currents (fig. 4).

15. These effects are very clearly observable on coils of gutta-
percha wire, especially when they are wound on iron reels. Upon
coiled cables they produce what is known as *false” discharge.
They are very considerably increased by filling the interior of
any coil with an iron core, in other words, by converting the
coil C (fig. 7) into an electro-magnet. Not only is the strength
of the magnetic field thus greatly increased, but the important
element of time is also introduced. It is well known that iron takes
time to acquire magnetism and time to lose it.* Moreover, the
time which iron takes to acquire and lose magnetism depends
essentially on its form and on the work it has to do. The speed of

® Faraday’s “Experimental Researches,” Series xx. § W32,
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normally maintained a current from F’ through the coil by means
of 3 and the tongue ¢, and which put the galvanometer G in cir-
cuit by means of 4. Every time the key L was depressed the
tongue ¢ flew from 3 to 4, establishing a circuit through G for the
formation of the extra current. Thus the current due to the final
difference of potential between A and B, at the cessation of the
main current, was observed on . The galvanometer G was one of
Thomson’s reflecting galvanometers. The key L was an ordinary
Morse single-current key. The battery F’ used was an ordinary
* Daniell’s of 20 cells. The battery F was then of the same form as
F, but of 10 cells. The coils experimented upon were those of the
electro-magnet of an ordinary direct ink-writer. In every case
an average of about 20 observations was taken, the results being
reduced by shunts to comparable numbers. The strength of the
extra current from a single coil with an iron core being taken as
the unit, all other results were reduced in terms of this unit.

L The first series of experiments was made with a single coil,
the iron pieces used being those belonging to the electro-magnet of
which the coil formed part. I have. indicated upon the diagram
itself the position of the pieces and the number of the experiment.
The results are wonderful. The observed strength of the extra
current in (7) is 361 times that of (1).

Fig. 10A. 1 represents the unit coil which replaced AB in fig. 9,

Fig. 10A.



46 ON SHUNTS. [14th Feb.

and gave an extra current, which I have taken as unit for com-
parison.

2 gave a current = 13. 5 gave a current = 63.
3 ditto = 26. 6 ditto .~ = 102.
4 ditto = 33. 7 ditto = 361.

IL The second series was made with the two coils, and piéees
of iron were put on as shown.

Fig. 10B.
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—_

10 1
Fig. 10c.

12
8 gave an extra current = 17.

9 ditto ditto = 184.
10 ditto ditto = 195.
11 ditto ditto = 228.
12 ditto ditto = 304.

Fig. 10D.
13 14

16 -
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that the current traverses one-half in one direction and the other
half in the other direction—thus each half neutralizing the induc-
tive effect of the other half.

3. The extra currents generated in the coils of a Morse recorder
or a sounder, when worked by a relay, have a deteriorating influence
upon the points of contact completing the local circuit in the rclay.
They appear as sparks, and cause the contact-points to become
oxidized, sometimes even to be fused, and always to be dirtied, so
as to introduce increased resistance. They are removed by inserting
a shunt across the ends of the coils of the Morse electro-magnet
(fig. 15), whose resistance is about 40 times that of the coils. This
was devised by Dering in 1854, applied by Dujardin in 1864 to
his type-printer, and introduced by Mr. Culley in translating or
repeating relays.

4. A simple coil arranged as a shunt is called a simple shunt.
If it have an iron core, or if it be an electro-magnet, it is called an
electro-magnetic shunt.

Fig. 14,

5. Let us first of all consider the case of a simple shunt, in which
self-induction is neutralized. If there be no electro-magnet in a
(fig- 14) the effect is simply that of a multiple arc, reducing the
resistance of the circuit and introducing no disturbing element ;
but if there be an electro-magnet, such as a relay, in a (fig. 15),
then must the influence of the ¢ extra current” be felt in four
ways—first, by the reduction in the strength of the first appearance
of the main current; secondly, by the increase in the final strength
and apparent continuance of the main current through B thirdly,
by the formation of a current in the path S; and fourthly, by a
current through A. If the ends A and B were disconnected at
the same instant that the main current ceased, the whole extra
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dependent upon the resistance of the line LL’. If this resistance be
very small, then the extra current in one branch is unaffected by
that in the other, for they flow in independent circuits; when this
resistance is infinite, then each extra current completely neutralises
the other. As the resistance of LL’ varies from nothing to infinity,
so the influence of the shunt approaches neutralization. In the line
LL’ itself the extra currents from each branch combine and vary
from a strength equal to the sum of the two to nothing, according
as the resistance varies from nothing to infinity.
IV. If the field of the magnetic shunt be more powertal Wem
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battery. The local current polarised these plates and caused them
to set up, when the local current ceased, a current in the same
direction, which by prolonging the action of the electro-magnet
held down the armature. :

Induction plates, however, proved to be so variable in action that
various plans were tried to improve upon their action. Mr.
Higgins (Assoc. S.T.E.) in 1866 discovered the prolonging action
of the shunt (H. 5), and found that it effected the purpose with a
success that left nothing to be desired. The induction plates were
simply replaced by a shunt whose resistance was equal to that of
the electro-magnet (fig. 15).

2. It is easy to show that the maximum effect is produced when
the resistance of the shunt is equal to that of the electro-magnet.

Let C be the whole current, ¢, be the current flowing through the
magnet r, and z the shunt. Then equation (5) gives us

4
6 = C -”—-‘-1'.
Let C! be the extra current produced on the cessation of the main
current. The strength of this current will depend directly upon the
strength of the current (¢;) through the coils, inversely on the
resistance of the circuit through which the extra current flows
(z + r), and directly upon a constant (%) whose value depends
upon the form and size of the magnet. Thus—
¢k &
Cl=w+r=0k(w+r)”

the differential co-efficient of which is—

1
dC =>(£-W{(x+r)’0k—0kw(2z+2r)}.

Now at a maximum this = 0.

Therefore— (z + r)?=2z (2 + 7),
z+ r= 2z,
cor= a2,

This assumes the external resistance so great that the value of z
does not alter the strength of the main current C, A more general
solution is given in the Appendix,
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Fig. 19,

that are being sent. Fig. 21 shows how these two operations are
done.*
16. In Hughes’s beautiful type-printing instrument (fig. 20)

LINE

Fig. 20.

the electro-magnet is formed of two coils, with hollow soft iron
cores (C), each fixed on a pole of the permanent magnet M. The
armature A is retained against the pole-pieces of the electro-
magnet by the magnetism induced in the cores by the permanent
magnet M, but the moment this magnetism is reduced by the passage
of a current the spring f, adjusted by the screw s, forces away the
armature. The moment the armature A strikes the screw B the coils
are short-circuited, the current ceases to pass through them, but goes
to earth direct, Thus a current of definite duration is sufficient to

* Vide p. 205, vol. v,
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Simply to restore, or to tend to restore, the line-currents to their
proper form, as shown by the dotted curve in 5 (fig. 22), which
is enlarged for the sake of more clearly showing the effect of an
electro-magnetic shunt. The front slope is filled up as it were by the
initial effect of the shunt, and the back slope is cut off by its final
effect. The signals thus would tend to acquire their proper form and

- & W . T T SR .

S 101

Fig. 22.

to become clearer. Moreover it is evident that they can be sent
more rapidly after each other, for the line is more quickly cleared.

It is however but right to say that this inductivoe effect was not
suspected at the time, and that the shunts were introduced solely
to reduce the strength of the contact currents on the paper.

K.—Use of Magnetic Shunts to compensate the effects of Static
Induction.

1. In 1862 Mr. C. F. Varley * introduced his mode of working
submarine cables, which has been the basis of all the great im-
provements introduced subsequently by Sir William Thomson,
Professor Fleeming Jenkin, and others. Among other plans he
proposed that illustrated in fig. 23. G is a mirror-galvanometer
or other instrument, C a condenser, and M a magnetic shunt or

* C. F. Varley, Patent No. 3463. 1862,
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C is the receiving apparatus, consisting of a style ¢, resting on
chemically-prepared paper p, connected up with an adjustable
electro-mignetic shunt 8!, whose extra currents can be varied by
a slide D so as to meet the varying conditions of the line. By this
means marks are so clipped that all tailing-off is prevented and
the rate of working is wonderfully increased. Sir William Thom-
son saw 1,015 words sent in 57 seconds.

Fig. 26.

The effects of a magnetic shunt have been described in J 2.
Blaserna* has shown that the curves formed by extra currents are
similar in form to those caused by electrostatic induction, and that
their effect as regards time is similar. Hence, as they may be
opposite in direction, it is evident that they can be made to neutra-

* lise each other.

7. In 1871 it was found that on short circuits it was better to
work the Hughes’ instrument with the coils joined up in quantity
than joined up in series, for by that means not only was the re-
sistance greatly reduced but the induced currents produced by the
movements of the armature were rendered comparatively feeble.

The mode and effect of joining up an electro-magnet in

* « Delle (bnénti &’Induzione e delle Estra Correnti.”” Professor Blaserna,

Palermo, 1870.
. F2
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cable. The discovery of a cause is the first step towards the re-
moval of an effect, and now that we know how to distinguish
between the effects of electrostatic induction, electro-magnetic
inertia, and residual magnetism, and to comprehend their 6auses,
we may hope to remove, or at any rate materially to diminish,
 their retarding influence on the speed of signalling.

APPENDIX I.

The ratio of Shunt to Electro-magnet to obtain the mazximum effect.

Let C = current flowing out of battery, then
E _ E(r+2)

rz Rr+ Rz + rz’
r+x

C=
R+

and current C, flowing through magnet will be

E(r+2) = _ Ez .
Rr+Rx+re r+2 Rr+Rz+4rz

Let C; be the magneto current produced on the disconnection
of the battery. The strength of this current will depend upon
the resistance of the circuit through which the magneto current
flows, and also upon a constant whose value depends upon the
make of the magnet, that is,

C.=C E_ Ekz
2= M2+ r (Rr+RBRrz+rr)(@tr)

C,=
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Now at a maximum,

aCy _ 1
2= (W R ey 5oy (B (Br + Ret re) (v)

—Ekz(2Rr+2Ro +2r2 + 1) = 0;

hence
2Rrz 4+ R34+ r22+ R+ Pa=2Rre + 2R2* 4+ 2723+ Pz,
therefore Ra® + ra® = Rod;

1 )\/Rrﬁ r/\/ 1
an( z= =" R+r—

If R is very large compared with » then we get

R
- 1+0"

Ifr=R z=r /4§

APPENDIX II.

The relative Ectra Current external to the Electro-magnet when
the coils are joined up in series and in quantity.

L)

Let r p be the resistances of the two coils of the electro-magnet,
E an electro-motive force of resistance, and G a galvanometer of
resistance G.
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First, let. the two coils of the electro-magnet be joined up in
series. The current flowing out of the battery and through the coils
will be C= E .

“pt+R+2r .

This current in flowing through the coils will induce magnetism
in them of an intensity proportional to the length of wire in them,
and to a constant & dependent upon the make of the magnet. Now
the induced current which will be developed in the coils on the
cessation of the charging current will be directly proportional to
the intensity of this magnetism. The current developed in each
coil will be therefore _

Ekr
Ckr= PTR+I
__2Ekr
p+R+2r

When the key is depressed the magneto current is discharged
through the galvanometer and its strength will be proportional to
the resistance in the circuit, thus :

2Ekr

C_p+R+2r__ 2Ek~r .
“G+R+2r"(p+ R+27)(G+ R+ 20)

If now the coils be joined up in sets, that is for quantity, then
the two coils act as two batteries joined up for quantity, that is, the
current discharged through the circuit will be that of one coil only,
thus :

Current out of battery is,

and in the two coils

)
- )
p+R+g 2 +2R+r

and current through each coil,
B
% + 2R + 7
and current from each coil,

20+ 2R+ r
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exposition of that subject. He has given us an exceedingly clear
‘explanation of the effects of induced currents, and of the various
ways in which shunts may be employed to counteract the retarding
effects of those currents, and has shown, besides, the way in which
shunts may be applied to a variety of important purposes. We had
hoped this evening to have commenced a valuable discussion on
this subject, but inasmuch as Mr. Preece has occupied in so inte-
resting and profitable a manner the whole of the time allotted to
our meeting we are under the necessity of postponing the discussion
till the next meeting, which will be held on the 28th inst. It may
not occupy the whole evening, and, if not, Mr. Treuenfeld has pro-
mised us a paper on ¢ Fire Telegraphs.” I have now to ask you
to accord your thanks to Mr. Preece for his most valuable paper.

The vote of thanks having been heartily and unanimously
accorded,

The following Candidates were balloted for and duly elected:—

ForeElaN MEMBERS :

George T. Helland.
Frederick von der Pforden.
Edward Rau

Frederick John Reutzch.

MEMBERS :

Richard Anderson.

Hubert Blanchford.
Lieut.-Col. William Crossman.
W. T. Newitt.

ABSSOCIATES :
Robert W. Aldis.
Lieut. A. H. Bagnold.
S. 8. Bailey.
Walter Betts.
Corporal Arthur Botham.
C. M. P. 8. Colmache.
John Hamilton Crilly.
Charles Cuttries.
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NEW MEMBERS.

William Dieselhorst.

W. Dickinson.

Major A. G. Durnford.
Samuel A. Earle.

Thomas Forster.

M. J. Games.

Alfred Graham.

Henry Seraclens von Graney.
G. A. Green.

T. T. Hockley.

Thomas Isley.

W. J. James.

James Rooney McDonald.
Lieut.-Col. McGregor.

R. J. Needham.

C. Newitt.

Charles John Page.

F. Perry.

Walter C. Ross.

- Lewis John Rosse.

R. L. Saunderson.

James Scotland.

James Emery Talbot.
Frederick Squires.

C. Trippe.

John Keogh Webster.
Henry Robert Paine Ward.
E. Weedon.

Lieut. Mortimer D. Whitmore.
A. G. Williams.

W. Woodcock.

STUDENTS :

George L. Davies.
Robert Lewis.

The meeting then adjourned.

[14th ¥e
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Mr. Robert Walker, Police Superintendent of the second district
of the London Metropolis, in his annual report for the year 1875,
urges on the Commissioner an extension of the telegraph system
~over the suburbs of London along the great lines of road, and says :
I would respectfully urge that it is as important to householders
in the outskirts for the police to have means at their command for
the speedy circulation of information in respect of crime, fire, or
the like, as to those in the more favoured inner districts where
telegraphic connection is close . . . . . »” ¢The telegraph instru-
ment cannot be too fully appreciated for the purposes of police,
and its value is really not known until it is at hand . . . . . ”

The principle on which good Fire Telegraphs are based is that of
establishing in sufficient numbers, and in easily accessible places,
suitable apparatus by which the outbreak of a fire may be commu-
nicated by any person to the nearest fire-engine and police stations,
or to a central station from where immediate orders are issued.

Various methods may be adopted in order to obtain this result,
but that which experience shows to be the most satisfactory, and
which has best stood the test of time thus far, is the automatic
system in use at many towns where a system of Fire Telegraphs has
been established. A

By means of the automatic apparatus a certain sign may be
telegraphed to the central stations indicating the street and district
from which the alarum of fire was sent.

It is evident that by sufficient distribution of this automatic
apparatus over a town the time required for the dispatch of the
brigade must be considerably shortened, thus allowing the fire to
be attacked when in its infancy, and when the smoke and other
obstacles likely to impede the action of the brigade are less
serious.. That this must be so not only stands to reason but has
been proved to be the case, as may be shown by comparison of a
few statistical results.

Let us first see how London, possessing no system of automatic
fire-telegraphs, stands with regard to the number of slight and
serious fires.

The Select Committee appointed by the House of Commons to
inquire into the means of protecting life and property in the
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the brigade stations from the locality wherein the fire is first
discovered. Besides this, telegraphic communication can be main-
tained between the different stations (as well as from the annun-
ciators to the central stations), so that the required assistance
may be properly disposed of. In this system it will be observed
that all fires are first announced to the central station, and that
all arrangements for the suppression of every fire are made from
this central station, which thus regulates and controls the entire
system.

The Automatic Fire Annunciator is a very simple mechanical
contrivance, introduced into the telegraph line, through which
circulates a permanent current from a battery established at the
central station. The Annunciator, when brought into action, breaks
the circuit and thus sends a certain signal to the central station.
The breaking of the circuit is caused by the rotation of a contact-
wheel, the periphery of which is so shaped that the contact-
breaking corresponds to a certain Morse signal, and each signal to
a certain district or street of the town. I have brought here with
me two of these Annunciators, and have them connected with twe
Morse, one representing a central station and the other an inter-
mediate receiving station. You will perceive that the working of the
system is simple, reliable, and intelligible to anyone. The Annun
ciator is protected by a glass front, and is placed at street corners,
in guard or railway stations, or in pillars situated in a prominent
position, and where there is little likelihood of its being wilfully
damaged. On the discovery of a fire all that has to be done is to run
to the nearest Annunciator-box, open or break the protecting glass,
and pull the handle. The contact-wheel then rotates, and the letter
corresponding to the Annunciator is transmitted several times in
succession to the central fire brigade station, whence orders are
telegraphed to the various engine and police stations.

From the diagram you may see the entire system with the
position of its various stations. In a town of the dimensions of
Hamburg it would not be sufficient to rely solely on having the
stations connected only with Annunciators. It is needful to have
a number of speaking stations at suitable distances from each
other, with Annunciators between each: this is actually the case
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same circuit. In addition to this, precious time may be wasted
when every moment is of value in setting matters right when the
synchronism between the different instruments has been disturbed.
Experience has shown that the oft-quoted argument against the
Morse, that it is so much more difficult to acquire a knowledge of
its working than in the case of the alphabetical instrument, is
without foundation.

From the batteries, consisting of 350 Meidinger elements, 50 for
each district line, a permanent current flows through the lines, all
signals being made by breaking the circuit. This system has the
great advantage of indicating at once when any break in the con-
nections or lines takes place, thus offering the best possible
guarantee against failure in telegraphic communication in the
cases of sudden and unforeseen emergencies.

HAMBURG FIRE TELEGRAPH.

P Sl ol
Und:.rsgl:nnd Ove:frr:'und ! Recorders. Annunciators,
1. Southern line ... ... | 21,950 feet "6 7
2. South-western line ... | 25,100 ,, 11 4
3. North-western line ... | 26,450 ,, 15,400 feet 10 5
4. Northline .. ..| 12600 , 28,400 ,, 7 8
5. North-eastern line ... | 16,800 , 31,700 ,, 10 10
G. Easternline ... .| 20,800 , 22,300 ,, 8 10
7. South-eastern ... 20,150 ,, 12,200 ,, 8 9.
Total ... | 143850 , | 110,000 , '  60* 53
. |

The seven radial district lines all unite at the central fire
brigade station to which all fire alarms are first sent, and from

® The actual number of speaking stations is 50; in the above table the two central
stations appear seven times, once on each of the seven district lines. Both under and
overground wires have lately been augmented, and there are now- 151,631 feet cable
and 126,641 feet overhead line. 2
[¢]
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their own central office. To effect this there is a permanent earth-
connection at the junction of the fire brigade and police stations,
and by establishing another earth at the central station the fire
brigade and police stations are separated from each other at will,
and in independent communication with the central station.

To each of the three main circuits a number of divisional eir-
cuits is attached, having their centres in one of the fire-brigade
stations. ' : .

These divisional circles contain, as a rule, only automatic fire-
annunciators, although, as will be gathered from the diagram, this
rule is not altogether absolute.

The entire arrangement is given in the following table, from
which it may be seen that there are 50 Morse apparatus and 135
Annunciators in use :—

AMSTERDAM FIRE TELEGRAPHS.

]
Divisional | Morse | -Automatic
Main Circle. ! Fire Remar!
rele Circles. Apparatus. | Annunciator. ks

Eastern section b circles 15 ! 40 { There are, besides the
I i central fire brigade
station and the central
lice) station , nine fire
rigade and six police

stations
Southern section | 3circles 16 31 There are also a few short

lines connecting the
. houses of the two com-
‘Western section | 4 circles 16 38 mandants with the cen-
tral fire brigade station,
. . the houses of the chiefs
Suburban circle | 1 circle 5 26 of police with a police
station, the burgomaster
with a fire brigade
station, all worked by
magneto - dial  instru-
ments. There is, besides,
a short line to a gong
gol:ﬁ.d close to the fire-

Total 13 50 136

Besides these, a few magneto-dial instrumentsin connection with
the houses of a few high officials are joined up on special lines.
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TABLE IIL
TOWNS WITHOUT FIRE TELEGRAPHS.
Total Serious| Per
Town. | Country. | POpuls- Yoar. froa”| cent. | Data recetvod from
serious,
Mannheim | Germany | 46,800 | 1870t | 45| 21 | 46'6 | W. Wirsching
T1 ™ 16t Jan, 1876 chief of brigade,
‘Wiesbaden | Germany | 48,000 1872 to 86| 7 | 194 ( C. R Scheurer,
Sept. 1876 chief of brigade.
Belfast Ireland |180,000 1873 to 195| 66 | 338 | George A. Reilly,
1st Jan. 1876 superintendent of
Frankfort-on-| Germany | 47,346 1873 to 65| ‘10 | 164 | Christ,, chief of
the Oder 1st Jan. 1876 brigade.
Gand Belgium |131,016 1873 to 60/ 29 | 488 | Burgomaster and
1st Jan. 1876 magistrate of
Gand.
Miinchen Germany |193,000 1875 34| 9 | 265 | Fromofficial yearly
report.
Erfurt Germany | 47,500 1866 to 116| 18 | 15'6 | Chief burgomaster
1st Jan. 1876 Kirchoff,
Dortmund Germany | 58,000 1870 to 136| 28 ; 208 | Chief of brigade
1st Jan. 1876 Sonnenschein.
Lidge Belgium | 121,208 1878 to 23| 19 82'6 | Burgomaster of
1st Jan. 1876 town.
Dundee Scotland [120,000 | Sept. 1875to | 68| 7 | 10-3 | Supt. fire brigade,
Sept. 1876 R. D. Ramsay.
Aberdeen Scotland | 20,200 1873 to 105 15 14-3 | William Boulton,
1st Jan. 1876 masterof engines.
Paisley Scotland | 48,321 Per year 30| 5 | 167 | James Gillespie,
chief of brigade.
Leith Scotland | 50,000 1870 to 114 12 106 | James Brown,
1st Jan. 1876 chief of brigade.
"Greenock Scotland | 59,111 1870to (209 36 | 17'2 | G. Macartney,
18th Oct. 1876 superintendent of
fire brigade.
Portsmouth | England |120,000 |1stSept.1873to| 84| 14 | 16:7 | Chief of police.
15t Sept. 1876
‘Wolver- England | 60,860 |30th Sept.1874, 41 21 | 512 | Captain Segrave,
hampton to 3(1)3; 6Sept:. chief constable.
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TaBLE TII.—continued.
'romlI Serl Pet
b Town. Couatry. Pm.- Year. fires,! :n(:u cent. Data received from
serious.
|

Posen Germany | 60,000 1845 to 234 | 120 513 | Herrmann Lischke,

21st Oct. 1876 chief of brigade.

Bromberg Germany | 81,000 1875 to 88, 19 | 828 | Boie, chief magis-

17th Oct. 1876 trate.

Leicester England | 95,220 1875 32| 12 875 | J. W. Johnson,
superintendent of
fire brigade.

Wiirzburg Germany | 45,000 1871 to 80| 30 | 376 | M. Scheuering,

i 10th Oct. 1876 chief of brigade.
}  Utrecht Holland | 53,083 | 1849to |187| 56 | 299 | From fire brigade
1st Jan. 1876 department of
H town.
Rotterdam Holland | 260,000 1851 to 1520{ 167 | 104 | From fire brigade
1st Jan. 1876 department of
town.

Maastricht | Holland | 28,279 1860 to 118 27 | 239 | From fire brigade

- 1st Jan. 1876 department of
town.

Arnhem Holland | 36,500 1861 to 42 | 13 ;| 309 | From fire brigade

18t Jan. 1876 department of
town.

Leiden Holland | 37,000 1865 to 50 8 160 | From fire brigade

1st Jan, 1876 department of
town.
Average| 286
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FIRES IN PARIS.

I
Total done. [ Average Per-centage of
Year. | nunmber | destructive | Firesresniting
of Fires. | Under From 100 to . Over Fires in total
1100 francs. 100,000 francs. ; 100,000 francs, | Per annum. destruction.
! ;
1860 | 2,342 | 1,742 596 4 Before 1870 | Before 1870
1861 | 2,347 | 1,673 772 | 2 !
1862 | 2,148 | 1,451 685 2
1863 | 2,784 | 1,962 = 820 2
1864 | 3,381 | 2,33¢ . 1,044 3
1865 | 3,141 | 2,213 | 926 2 39 016
1866 | 2,488 | 1,702 | 781 | 3
1867 | 2,781 | 1,878 917 I 6 ‘
1868 | 2,946 | 1,950 ' 987 9
1869 | 2,602 | 1,679 919 4
i
, 1
1870 | 2,223 | 1,319 | 902 i 2 After 1870 | After 1870
1871 | 1,140 552 587 1
1872 | 1,832 | 1,189 642 | 1
! . \ 18 009
1873 | 1,862 | 1,188 670 ! 4 (
1874 | 2,228 | 1,499 | 726 3
1875 | 2412 | 1,614 . 798 0

The following table gives the proportion between the population
and the number of points from which an alarm may be tele-
graphed (see next page).
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One of the strongest arguments in favour of a Fire Telegraph
system is the saving on insurance, which must naturally follow
from a reduction in the per-centage of serious fires. That such
reduction has actually taken place has been shown generally by
the previous table, but I will show it more detailed for a few par-
ticular towns (see table, next page).

It would be departing from my subject too much if I were to lay
before you an estimate of the millions that have been saved, or the
millions that may be saved, by the adoption of Fire Telegraphs.
Such calculations I leave to the Insurance Companies, and will
only endeavour to show by a few data the financial and economical
value of the system. In the town of Brunswick, in Germany, in
one year, when there were no serious fires, only £282 was paid by
the Insurance Companies. In two other years, when there were
four serious fires, £17,000 extra was paid—

Yu_r. Fires.  Serious.  Insurance Value. Insurance Paid.
1873 95 2 £9,093,870 £1,939
1874 96 0 £9,746,648 £282
1875 104 C 2 £10,498,338 £15,364

I may add to this table the most recent communication which I
have received on this subject. The Superintendent of the Salford
(England) Fire Brigade, ‘Mr. Robert Hall, wrote me on the 17th
October last year: ¢ The complete system of telegraphs in this
borough has enabled us to save many thousands of pounds in cases
of fires.”

In America the same result is obtained. The Superintendent of
the St. Louis Fire Telegraphs, H. C. Sexton, in his report of 1860,
says: ¢ A comparison of the two years’ working of ‘the department
prior to the establishment of the electric alarm, with the two
subsequent ones, shows the following results : ¢ From 1856 to
© 1858 the amount of losses was 1,803,315 dols., against 710,404
dols. from 1858 to 1860, showing a diminution of 1,097,911 dols.
or 548,955 dols. annually, and, on the principle that prevention is
better than cure, we claim for the Fire Alarm Telegraph a large
share of the credit in saving that amount.”

The Chief of the Montreal Fire Department, A. Bertram, in his
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report of 1866, says: As the simplest illustration of the great
value of the Kire Alarm Telegraph, we have the fires and loss for
a fair average before and since its introduction—

Before, 85 fires . . . . 140,088 dols. loss.
Since, 99 ,, . . . . 35428 ,

Mr. Joseph L. Perley, Chief Engineer of the Fire Department
of New York City, and now President of the Board of Fire Com-
missioners, says: ‘It would be difficult to estimate the value of
the Fire Alarm Telegraph. I have known cases where lives have
been saved by the quick method of communicating the intelligence
of fire--the value in money would amount to millions.”

The Honourable J. C. Cuyler, one of the Fire Commissioners of
Albany, testifies: ¢ I give it as my opinion, from my knowledge
of the localities in which fires have occurred, the character of the
buildings, and the nature of their contents, that it would be a
moderate estimate to say that it (the Firo Alarm Telegraph) has
effected in Albany a saving of at least onc quarter of a million
dollars annually;” and the Chairman of the Board of Fire Com-
missioners of Hartford says: ¢ To the best of my judgment, our
losses since the introduction of the Fire Alarm Telegraph have
not been one-tenth of what they were before.”

That the necessity for extended Fire Telegraph systems is
equally felt in Great Britain may fairly be judged from a report
of 1875 from the Chief of the Dublin Corporation Fire Brigade
Department, Mr. Robert Ingram, who says: ‘I furthermore
would recommend that the different police stations throughout the
city be connected by magnetic telegraphs with the chief fire station,
with coloured signals attached to alarm bells. By this means we
should be enabled to get quicker intelligence of the locality of
fire, as at present the police are obliged to take the first mneans of
conveyance, such as a car or cab. It is my impression, from my
knowledge of the city, that a vast amount of property might be
saved by this means of communication with the brigade.”

" But it is needless for me, I foel sure, to add any further argu-
ment upon a point which must be self-evident to everyone. I ought

VOL. VI. 1
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Mr. TREUENFELD : If two fire alarms were sent at nearly the
same time, the beginning of the second series would be destroyed
and the end of the first, but both signals would be readable.

Mr. Moir : You admit that the two would be confused—part of
one and part of the other?

Mr. TReUENFELD: An entire fire alarm consists of twelve
signals of the same kind. The central station requires to receive
only one of those twelve signals, the other eleven are repetitions
for the sake of security. It is said that this system admits of only
a limited number of messages. That is not the case, inasmuch as
municipal messages in unlimited numbers, as well as fire-service
messages, are sent, and the application of the system is in no degree
confined to any particular size of town. The system at Amsterdam
could be applied to a place six times as large, by simply establish-
ing a greater number of circles. A question has been raised as to
the relative advantages and disadvantages of those several systems.
There can be no doubt that a system requiring only one linc-wire
has an advantage over one which requires two wires, and I under-
stand that the autokinetic system requires two wires, and the
apparatus appears to me too complicated and delicate to be used by
unskilled operators. An instrument for use in the hands of the
police ought to be as strong and as simple as possible and not put
in too small a compass. The question that messages do not efface
each other has been so definitively settled that it is not necessary
for me further to discuss it. The apparatus exhibited to-night by
the Autokinetic and Exchange Companies are no doubt admirable
for the particular purpose of city telegraphs, but as the subject of
my paper is fire telegraphs I have nothing more to say about
them.

The CHAIRMAN: We may congratulate ourselves that we have
this evening heard a paper of not only great technical interest but
one introducing a means of great public and social economy in a
more prominent way than could have been done by any private
undertaking. As it is understood that some further information
will be forthcoming, the further discussion of the subject will stand
over for the next meeting.

The meeting was then adjourned.
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rate of from fifteen to twenty words per minute, and deliver a
summary, printed in Roman characters, simultaneously to all the
clubs and newspapers in London.

I gather from various sources that the first apparatus of this kind
applied to the distributing business was a three-wire system devised
by Mr. E. A. Calahan, of New York, formerly Assistant Engineer
to the American Telegraph Company, in the year 1867.*

A Company with a capital of 200,000 dols. was formed for
working the system, and instruments were furnished to subscribers
in December of the same year. The progress of the Company
may be judged of from the fact that some thousands of type-instru-
ments of this and other classes are now applied to various branches
of the business in the United States.

A rival company started in the following year to work apparatus
containing some modifications of, and improvements upon, this
system, which were due, 1beliove, to Mr. T. A. Edison and Mr. F. L.
Pope of New York, and, amongst other ingenious contrivances,
contained a zero or unison, insuring arrangements similar in prin-
ciple to that used in some French type-instruments of earlier date.
(This addition will be described later).

This Company was eventually absorbed by the Gold and Stock
Company.

Since that time a number of instruments have been invented to
perform the same work as the two mentioned, and the successful
ones have either been bought up by the Gold and Stock Company
or worked in competition with it ; after a time the interests of the
contending parties have usually been combined.

The best of the latter class of instruments with which I am
acquainted are the Phelps and Manhattan patterns, which are faster
in operation but -more delicate and costly than the substantlal
apparatus of Calahan and Edison. -

Up to the present its only application in this country is to the
distribution of the constantly varying prices of stocks and shares,
and other financial intelligence collected from various parts of the
world.

* An apparatus for showing telegraphically the price of gold was in existence or -
operation at the time, but with no means of recording the signals.
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Below the type-wheels is placed the printing mechanism, which
consists of a rocking lever, pivoted very close to the electro-magnet
by which it is actuated, in order that sufficient momentum for a
good print might be acquired, and also to give space for the con-
trivances by which the type-wheels are changed and the paper fed.

The paper-feeding mechanism is very simple and effective, and
. is still used in all our instruments ; a pawl with sharp teeth held
down on to the paper by a spring is moved forward the required
distance (15 in. usually) by a pin projecting from the side of the
printing lever; the teeth of the pawl plough into the paper and
carry it forward, but in returning slide over it. A similar pawl
placed below the other edge of the paper-band and pressing it up-
ward against a fixed brass plate prevents its return.

To set the instruments to zero before starting or in the middle
of a message, a worm, G, fig. 2, on the propelment axis carries the
end of a steel arm into the path of a pin (H, fig. 2) projecting
from the axis; the arm is lifted by a hook attached to the printing
lever and returned to its starting point every time a print is made.

This part of the mechanism is only brought into operation when
the type-wheels are revolved twice or more without printing.

The general disposition of the various parts in the complete
instrument is as shown in fig. 3.

The transmitter is a contact maker, rotated by a crank worked
by hand, and arranged to send 30 currents in one direction during
a complete revolution of its pointer.

The letters, figures, and spaces, corresponding in order and
number to those on the type-wheels, are arranged on the dial.

One battery serves both lines ; one pole is put to earth and the
other to a key in connection with the printer line, and also to the
contact maker in connection with the type line.

The manner of operating is, like the instrument, extremely
simple ; the transmitter crank is turned several times to bring the
escapement axis to the zero stop; the pointer is next brought to
zero, and held there while the printing line-key is being pressed ;
the current thus sent through the printer magnets sets the letter-
wheel in position for printing, releases the detent, and forces for-
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the type-line. In the other system (except when worked on a
single wire) it is always done when no current is on the type-linc.

The propelment already described was not adapted for rotating
the type-wheels at the higher speed on account of the increased
momentum causing it to trip, and also because of the increased
movement over the larger teeth.

A form of propelment and check is used (fig. 4) by which the
type-wheels are locked in position, except when released by the
movement of the pallets. This arrangement answers perfectly,
and requires less movement of the pallets and less battery power
than the form used in the slow instruments.

The type-wheels (fig. 2) are each made from a single piece of
cast steel, all unnecessary metal being removed. To diminish
friction, the slide tube (D, fig. 2) which carries them is bored out
so as to touch the propelment axis only at its ends. It is made of
gun-metal, and slides on burnished steel without oil. -

The inking-roller is arranged to press very lightly on the type-
wheels in order not to impede their rotation.

The pivot-holes for the type axis are bushed with bell-metal ;
if made of common brass they are liable to become oval from the
pressure of the pallets.

After these alterations, and some others to insure the permanence
of the adjustments and facilitate the entry of the paper, it became
necessary to try to improve the electro-magnets.

Electro-magnets.

To obtain great speed and a fair return of work for the battery
force employed, are results which are to some extent antagonistic.
It has been shown by various experimenters, and it is observable
in practice, that electro-magnets with cores which are short in
proportion to their diameter act very much more rapidly than
those with long slender cores.

The use of metal cheeks or bobbins to contain the wire will
cause retardation by the circulation of induced currents in them.
Bad insulation of the wire of the coil will sometimes produce the
same effect, and with instruments of this class cause very much

VOL. VI. K
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when approaching saturation. They can bo used advantageously
in high-speed telegraphic instruments. The escapement pallets
of a type-printing instrument have been correctly vibrated by them
at the rate of 2,700 currents (reversals) per minute, although the
weight to be moved and the space through which it had to move
were great.

Flat armatures are used, numerous experiments having shown
them to be best. Similar magnetic rays cannot casily be concen-
trated by convergence like those of heat or light; therefore lenticular
or conical faces to the magnet poles or armatures are useless or
worse. (Some instruments which were fitted with such magnets
always distinguished themselves by their sluggishness, and were
rejected by the inspectors as having ¢‘ weak ”’ magnets.)

Although some extra turns of wire could be got into the electro-
magnet bobbins if wound irregularly, we always wind in layers—
by this means a single derivation can only affect two layers of wire
at the most.

The copper wire employed is of the best quality obtainable and
thinly covered with silk. If of bad quality, or too thickly covered
with silk, the estimated number of turns and resistance cannot be
put into the space at command.

Method of Working the Improved Instruments.

The instruments, constructed as described, could be readily
worked direct from a crank transmitter, at the rate of 70 revolu-
tions of the type-wheels per minute (1,050 currents), but when
relays worked by an automatic transmitter were employed such a
speed with a reasonable amount of battery power was not at first
obtainable. The causes of this failure were—

1st. Want of power to make firm contacts in the transmitter.

2nd. The inertia of the type relay lever and armature.

3rd. The want of firmness with which the relays made contact.

4th. The oxidation of the contact points; and

5th. Some retarding influences which were removed by a slight
change of construction of the relays.

K 2
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speed was possible ; trials indoors succeeded perfectly, and an in-
strument was placed out on 'a line in a subseriber’s office, but, in
spite of every care having been taken to make it work successfully,
we soon received a message that the instrument was out of order.
On examination, the record was, however, found to be perfect, and
it appeared that the subscriber, without consulting the tape, had
crroneously concluded from the unusual speed of printing that
something was wrong. _

The type-wheels were revolving at about 60 revolutions per
. minute, and about 150 prints per minute werc made against a
maximum of 50 by the hand transmitter with the original instru-
ment.

We now always work at 48 rovolutions per minute, because
that speed most nearly corresponds to the rate at which we receivo
the matter from the Morse instrument. The operator sending on
the latter has, even at this reduced speed, to maintain a fair rate to
prevent being overtaken.

The whole system, with the exception of one circuit, was fur-
nished, with the improved instruments, about four years ago, and
has worked satisfactorily ever since.

Transmitting Apparatus.

The transmitters, one of which works 250 instruments, and is
capable of working 1,200 (or more if necessary), have been con-
stantly at work, and are very uniform in action.

The transmitter, fig. 6 (with a piano keyboard of 31 keys),
consists of a commutator geared into a train of wheels driven by a
weight, which is suspended by an endless chain. The commutator
is a disc A, fig. 8, unequally divided on its periphery into 30 spaces
and projections. The spaces are slightly less than one-third of the
length of the projections. The end of a lever B, held by a spring
on to the circumference of the disc, rises over the projections and
falls into the spaces during the revolution of the latter, and causes
the upper part of the lever to make and break contact with a spring,
thereby connecting a battery with the relays which close the type
circuits. 30 radial-pins ranged spirally round a shaft C, g, 8, prss
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printing current. Greater speed is attainable by this means than
if the printing circuit were closed at equal intervals after the com-
mencement and cessation of the type current.
 Three contact points are used in the transmitter, viz., one for
the type pulsations, one for the printer circuit, and one to interrupt
the latter when a repetition of any character is necessary.

This is a convenient number of contacts; a transmitter, not now
in use, which is shown en the table, has 63 contacts.

In order that the intermittent currents sent to revolve the type-
wheels may be perfectly uniform in duration, a forin of adjustable
governor is employed (fig. 7). When at rest it has but little inertia,
and, assisted by the small spring on the pin-shaft which is wound
slightly each time the train is stopped, allows the commutator to
start at full speed and run uniformly.

4 ¢
BE E %
Fig. 8. .

To prevent the splitting of each current into many, by the vibra-
tion of the contact-spring, consequent upon the concussion of the
lever on the projections of the revolving disc, the moving parts are
made very light, adjusted to move through the least possible space,
and held firmly by springs. The contact-points rub slightly for
one-fourth of the time of contact and then remain steadily in con-
nection until the lever falls into a space in the disc A, fig. 8.

The shaft when stopped by keys would recoil and make tho
printer-contact insecure, but for a ratchet-wheel C with three pawls,
which divide its circumference into about 540 parts, one of which
is the extent of the utmost backward movement possible.

The whole instrument is fastened to a rigid base of metal to
preserve the relative positions of the parts.
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' The quantity of current passing when the type-wheels are being
revolved is but one-fourth of that which passes when the printing
circuit is closed while the type-wheels are being held in position
for printing. (This quantity was determined by the movement
of a needle placed 20 feet from the battery wires.) )

The induced discharge on making battery circuit being of much
greater potential than that of the battery, circulates for some time.
This potential increases more rapidly than the battery for any
increased length of circuit, and diminishes the duration of the
effective current considerably. On this account no exact allowance
of battery can be made to produce the same effect upon lines of
equal resistance with different numbers of electro-magnets in
circuit.

Electro-magnetic Disturbance.

For instance a line of 90 ohms resistance, made up of 78 ohms
line and 12 ohms in electro-magnets, will work as well with twenty-
four cells as a line of equal resistance made up of 30 ohms line and
60 ohms instruments will with 30 cells.

Judging from the appearance of the type-wheels in revolving,
the currents are diminished from one-sixteenth to one-twenty-
fourth of a second in duration on a circuit of twenty instruments
(no allowance being made for the time the pallets armature takes
to respond).

On short circuits, including not more than six instruments, there
is very little apparent difference between the movement of the
pallets and that of the relays.

Battery Power for Ordinary Instruments.

One cell is allowed for every 3 ohms resistance, and the number
varied to suit the circumstances. The internal resistance of each
~ cell is from 025 to 0'3 ohm. The provision for a quantity equal
to *5 Webers in two lines simultaneously with the above-mentioned
resistance is therefore ample.
The liquid from the batieries is not nearly exhausted when
thrown away : it would serve our purpose for some time longer if
used in batteries having more carbon surface exposed, and ofter-
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damp weather. The inverted cups are not of much use on this
account. Our wires are insulated from the sides of houses by various
forms of insulators according to circumstances. Specimens will be
found on the table which will explain themselves.

The character of the insulation must be different to that which is
sufficient for ordinary telegraph lines. Silk does not insulate if the
wire it covers bridges over more than half-a-dozen layers in the
electro-magnet, and is of no service whatever for insulating between
the two lines. A fault in an instrument caused by such a defect
will sometimes cause an interruption although only a few particles
of charred silk convey the discharge and the lines appear perfect to
ordinary testing. In such cases the locality has to be discovered
by testing with sparks. The condensers have to be carefully made
to resist perforation.

Some effects of the Spark discharged from Electro-Magnets.

The spark discharge from the line has the property of fusing
contact-points together while opening. This effect is easily pro-
duced by the sudden application of a condenser of three or four
times the usual capacity to the two contacts. This fusion is caused
by the line discharge and not by an accumulation from the battery ;
the points must therefore open before the condenser can become
charged, and the latter discharge some portion of its charge across
the contacts in the short interval of time between their opening and
rising an almost inappreciable distance. .

The time occupied by the charging and discharging of the con-
densers is so short that a scarcely perceptible effect is produced on
a galvanometer introduced into the circuit (except it be specially
arranged), and none whatever on a voltameter.

As usual with electricity of high tension, this will not be regulated
by the usual laws, and, instead of passing through a spiral conductor
of 2 inches of No. 30 or 24 copper wire, will go preferably by a
* more direct route offering some millions of megohms resistance,
made up of two thicknesses of lacquer and an air space.
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The derangement of one instrument on a line of four or less will
cause the pulsations to be so much disturbed that the other instru-
ments might work badly also. If the good instruments be adjusted
to work in spite of the irregularity of the pulsations they will not
work when the defective instrument is set right.

This makes it rather awkward for a new hand who tries to
improve the correctly-adjusted instruments first. He may bring
affairs into an extremely perfect state of disorganisation, and then
the only remedy is to- tighten all the armature springs until the
electro-magnets are only just able to atlract them. The springs
must next be gradually slackened by about the same quantity each,
during several visits, until the pallets work in the usual manner.

A long circuit was in this state on one occasion, owing to an
instrument inspector having tinkered up a number of instruments
out of doors in trying to remedy a slight defect in working, which
he should have known was in the apparatus at the sending-station.

Very little care is necessary to prevent this difficulty ever arising.

The effect of allowing a number of armatures on a cireuit to
stick, is to increase the magnetic inertia and cause great attenuation
and irregularity in the currents. Tho facility with which the
armatures move exercises considerable influence over the time the
currents require to attain their maximum. When the springs are
tight the retardation is less than when they are slack.

Capabilities of the Instruments.

The work these instruments are capable of performing may be
judged of from the following data :—
The average number of currents sent on the type-line
for each printis . . . . . 4996
The number of letters which pass over the impression-
pad for each print is . . . 9992
The number of letters printed per revolutxou of the
type-wheel is . . . 302
The minimum weight reqmred to 1otate the type-wheels at the
proper speed is 2,405 grains through -0345 inches per letter.
Therefore if this part of the mechanism were worked by o train of






1877.] TYPE-PRINTING TELEGRAPHIC APPARATUS. 148

Our usual speed of 48 revolutions of the type-wheel per minute
was maintained in this trial.

The Manhattan instrument—one of which is shown—is a single-
wire instrument, whose type-wheel is driven by a weight. The
Phelps has two springs to act as motors, electricity being only em-
ployed to actuate the escapements.

In conclusion, I believe that for economy of construction, sim-
plicity, and efficiency, this apparatus is for the purposes for which
it is designed at present unequalled.

An instrument is on the table which has been at work for two
years without repair. During this time it has printed about 20
miles of tape.

The PRESIDENT : I need hardly ask whether it is the pleasure of
the Society to return their cordial thanks to Mr. Higgins for his very
interesting account of the type-printing machine, and the improve-
ments which have been effected in it. No doubt there are many
points of interest which will elicit observations, and there may be
questions to ask ; but, in accordance with the arrangement agreed
upon, we must return to the paper read on the occasion of the last
meeting, and devote the remaining portion of the evening to any
points which gentlemen wish to bring forward with reference to
Mr. Treuenfeld’s paper on Fire Telegraphs. A short account has
been sent to the Society of the Autokinetic Fire Telegraph system,
which I will ask the Secretary to read. This will no doubt be
desired by some members, because on the last occasion explanations
of this system were given which were perhaps not so clear as many
would desire; and, as other systems were also described, the
members will wish to be made acquainted with this system also.

THE AUTOKINETIC TELEGRAPH.

The autokinetic telegraph system claims as its advantages—

1. An automatic method of signalling from any one point to any
other point. )

2. That in"order to transmit a message it is merely necessary to
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set the instrument to the position required for that purpose ; when,
whother the wire is at the moment occupied or not, the apparatus '
will in turn discharge itself, and in so doing cause the required
messago to be registered at the receiving station.

3. The impossibility of interruption from any other alarum or
signalling apparatus in circuit.

4. The employment of an open circuit by which means the con-
sumption of battery power, which attaches to the closed circuit or
constant current system, is avoided ; and, what is still more im-
portant, the deterioration of underground wires is not incurred.

Two wires are employed, one of which, A, may be termed the
starting wire; and the other, B, the recording wire.

The apparatus consists of—

Firstly—An automatic receiving apparatus, which is so con-
structed that on being set in motion it interrupts the starting wire
and establishes the circuit with the recording wire ;

And gecondly.—Of the sending apparatus, which may be placed
within iron pillars, in other convenient positions in the streets,
or within doors.

The Receiving apparatus consists,

a. Of a Morse inking apparatus, by which the signal received
from the sending instrument is recorded on the usual paper-ribbon
provided for the purpose. This portion of the instrument is simply
a Morse inker with self-starting arrangement.

b A bell, in local circuit, which is put in motion by a relay
arrangement within the Morse.

¢. An automatic commutator, the object of which is to regulate
the arrangement of the wires by means of which the possibility of
interruption to the message being signalled is prevented. This
instrument consists of a train of wheels driven by a spring, which
is wound up similarly to a Morse inker. The mechanism is held
in check by a small detent, 0, fixed to the armature of the coils, ¢,
which, when raised, releases a pinion carrying a contact-piece d,
which ordinarily rests upon, and makes contact with, a spring e. On
b being raised, d revolves, and in doing so breaks the line A ecir-
cuit, which is completed by mcans of the coils ¢, the spring e, and
the contact-piece d.
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dent, a hearty vote of thanks was accorded Mr. Troucnfeld for his
valuable and interesting paper.

The following Associates were transferred to the class of
members :—
R. K. Gray.
J. Fletcher.
R. Boteler.

The following candidates were balloted for and duly clected :—

ASSOCIATES : R
George Henry Bambridge.  John James Clarence Gavey.
Brackenbury Bayly. Benjamin James Gee.
James Henry Beswick. F. M. Hannington.
Albert Brook. J. James.

John H. Carson. G. K. Kirby.
Stanley Clarke. H. S. Langford.
Benjamin W. Colley. W. Leonard.
R. G. B. Davids. Oscar Moll.

F. Davies. . ' E. J. Paterson.
Edward Earle. George Squires.
F. C. Eymers. F. O. Thompson.
Alfred C. Forshaw. F. T. Tranfeld.
John W. Fothergill. - F. H. White.
Arthur C. Frost. C. B. Wood.

C. Fulton.

When the meeting adjourned.
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The Fifty-seventh Ordinary General Meeting was held on Wed-
nesday, the 11th day of April, 1877, Proressor ABEL, F.R.S.,
President, in the Chair.

The following papers were read by the Acting Secretary :—

QUADRUPLEX TELEGRAPHY,
by G. B. PrescotT, Western Union Telegraph Company.

The earliest published suggestion of the possibility of transmitting
two communications in each direction simultaneously over the same
wire was made by Dr. Stark, of Vienna, in 1855. At almost the
same moment an independent inventor, Dr. J. Bosscha, Junior, of
Leyden, who was engaged upon the same problem, read a paper
before the Royal Academy of Holland, describing in detail the
method by which he proposed to accomplish this result. He was
followed, in 1863, by Marou of Berlin, who proposed a modifica-
tion of Bosscha’s system ; but it does not appear that either of these
were ever introduced into practical use, and for many years very
little attention seems to have been paid to the subject.

The revival of the system of simultaneous double transmisdion in
America, and its extensive introduction into practical use both in
this country and in Europe, resulting from the improvements of
Stearn’s,—notably his method of compensating the effects of the
static discharge from the line by the application of the condenser,
which was made known in the winter of 1871-2,—once more turned
the attention of electricians to the problem of simultaneous trans-
mission in the same direction.

In a paper published in June 1873, Oliver Heaviside, of New-
castle-on-Tyne, England, pointed out, as Stark and Bosscha had
done before him, that the invention of a system of simultaneous
transmission in the same direction furnished at the same time the
solution of the problem of quadruple transmission. He says, ¢ It
is theoretically possible to send any number of messages whekever










































1877.) ' QUADRUPLEX TELEGRAPHY. 208

in fig. 5. The connections of the local circuit and sounder are
direct, as shown by wires 22 and 23, the local relay or repeating
sounder of fig. 2 being discarded.

The only matter requiring detailed explanation is the action of
the relay R,.

I't-t

UUOHTREUUTS

Fig. 6.

‘When both keys are at rest the positive current of both batteries
(+ 3 B + B) is passing over the line, and the polarized armature
is pressed against the contact lever n,, which yields, and thus allows
it to separate from the contact lever 7, and the circuit of the
sounder S, is broken. When K, is closed the polarity of the entire
battery upon the line is reversed, and the armature passes over to .
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system, that a real practicable form of duplex telegraphy was intro-
duced. Accounts reaching England of this success led practical
electricians of that day to more or less study the subject. Amongst
the rest I plunged into it, and as the result of study and experi-
ment in the year 1855 I devised a different form of duplex tele-
graphy, which was experimentally used between Manchester and
Liverpool, and subsequently between Southampton and Cowes. At
the same time the system of Siemens and Frischen was prac-
tically applied on a short line between Manchester and Altrin-
cham, and Mr. De Sauty, who conducted the experiments, devoted
his attention to the solution of some of the intricate problems that
arose from its working. However, in thosc days the resistance of
the lines and the character of the insulation was such, that the
practical working on such a short line as twelve miles was such as
to lead them to abandon the system. In 1858 Mr. Farmer in
America introduced a new mode of duplex working by opposing
currents on the equilibrium system, but it was not practically
applied. In 1863 Mr. Moder of Berlin suggested a mode of duplex
working on what is known ‘as the Wheatstone bridgo principle;;
but there is no distinet evidence that it was practically tried on any
existing line. Indeed, it was not till 1868 that duplex telegraphy
can be said to have attained what may be called its present prac-
tical form, aud it was then that J. B. Stearns, in America, having
stadied what had been done before, and examined the working of
the Wheatstone bridge, and the differential systems on existing
lines, found out the cause of the difficulty which had hitherto
existed with regard to electro-static induction, and he applied con-
densers which had been previously introduced by Mr. Varley in
submarine cables. It was this application of conductors by Stearns
in 1868, and improved by him up to 1873, which has rendered duplex
telegraphy what it is now, one of the greatest improvements, and one
of the greatest steps in the progress of telegraphy within our know-
ledge. Of course, the great difficulty in the system was in its
application to submarine cables, and, though Stearns applied it to
short cables in America, it was not till Mr. Muirhead in 1874
introduced his peculiar form of condenser that the difticulty of
working long cables was practically surmounted. 1 am sorry Qhek
P2
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Take now an electro-magnet joined up in duplicate arc, each
coil having a resistance of 4 units. The two coils will then in
this case have a united resistance of 2». The whole resistance of
the circuit remaining unaltered the line-current will have the same
strength as before, but, being divided between the two coils, the
current through each will have but half the strength it had in tho
former case; as, however, the resistance in each coil is four times
what it was before, there are therefore twice the number of turns
round each, and, the magnetic attraction of the relay varying as the
strength of the current and the number of turns round the coils,
it follows that the magnetism developed is the same in both instances
under experiment.

Let us now examine the induced current: each coil will as before
develop a current with an electromotive force e, as this force
varies with the strength of the current and the number of turns
in the coil. The resistance of the coil, however, is now 4. Hence
we have two elements, each with an electromotive force ¢ and a
resistance 47, joined up for quantity on a circuit R. They act
therefore as one element with an electromotive force ¢ and a
resistance 2r, the strength of the induced current through the
circuit being in this case

7= ¢
2»r + R
whence =27,

Hence, by joining up the coils in duplicate arc, without varying
the total effective resistance of the relay, its magnetic effect, or
the battery employed, the induction current is reduced by half.

The induced current being one of the principal obstructions to
fast sending, speed will obviously be notably increased by adopting
this form of electro-magnet for relays.

The question of the resistances which give the maximum effects
with this form of relay will form the subject of another paper.

(Signed) = EMILE LACOINE,
Constantinople, July, 1876.
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aiming greatly facilitates the discharge by considerably reducing
the resistance of the electro-magnets.

The second condition has already been treated of in a former
paper, in which it was shown, that by joining up the coils of a
magnet in duplicate arc instead of continuously, as is the ordinary
practice, the inductive effects can be reduced by half, without any
diminution of their resistance or their magnetic force.

It finally remains to consider the first method, that is, the
decrease in the resistance of the circuit.

It is known that the propagation of a current becomes more
retarded as the resistance of the circuit increases, and that the
period of propagation, for delicate purposes, is nearly proportional
to the resistance of the circuit.

Mr. R. Sabine has proved by a series of admirable experiments
that the speed of transmission diminishes with the resistance of the
cirenit, and that the resistance of the receiving apparatus has a
great influence on the speed.

To sum up; the speed of transmission varies inversely as the
total resistance of the circuit.

The resistance of electro-magnets should therefore be decreased,
but this decrease diminishes their attractive force, which demands
an increase in battery power to maintain the standard efficiency.

Certain relations should be established between these two vari-
ables, and we propose investigating the conditions which result in
the greatest speed, without exceeding the limits imposed by prac-
tical telegraphy.

First, suppose a line perfectly insulated, with a resistance R
sufficiently great to admit of our disregarding the remstance of the
battery, though this is not indispensable.

Let e equal the number of cells necessary for working the relay
satisfactorily, the latter being in the best condition for obtaining
the maximum effect, that is, having a resistance R. The magnetic
intensity will then be required by

e

2R
J being the co-efficient of the relay.
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The latter portion, however,
LA
. (mP 4 1)
is the only one involved.
Differentiating and making it equal to zero we get for result—

m? =}
Hence the resistance of the relay R m? should be equal to 31;- to

obtain the maximum effect, that is, the highest speed with the
lowest power.

2. Mazimum possible Speed.

In this case the cost of the battery is neglected, the object being
to obtain the highest speed. To effect this m? must be reduced as
low as possible, E being increased so as to maintain the necessary
magnetic force. . There are, however, practical limits to this in-
crease, for the number of cells cannot be multiplied indefinitely, as
a period arrives when the current becomes too variable, and the
maintenance of the battery is very difficult. Let E be this limit,
then equation 1 becomes—

ef _ _efm |
2R R+ Rm®

Whence, replacing -Fe; by M, .

we get m=M-vM—1.. ... .. 4

It will be seen that the greater M becomes, the more m, and con-
sequently m?, or the resistance of the relay, diminishes, but in a
greater ratio. Take for example a long circuit, which requires
100 cells to work it. Increase this to 125, which is about the
maximum battery power that can be practically used for telegraphy,
we get—

125
M- 100 = 3
and from equation 4
m=} whence m®=}.

Thus, by increasing the battery by }, we may reduce the resist-
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Efme Efmec
B+Bm?™ B(m’+ 1)
For the new magnetic mtensnty to be equal to the former, we
must make .

efe_ Efme
3BT B(mi+1)

whenoe results

E_e(m + 1)

2m
The new resistance, instead of being as hitherto g—B, becomes
B B, Bm’ B(mt+1)
pt™=p*Dp="1D -
Further, let A be the number of dots per second in the Grst case,

we now get—
A2B D 2A

N= D X B+ )" m+ 1
the useful effect being— N
_E_.
Replacing N and E by their last values, this is represented by
4A m

2 (m® + 1)¥
being the same value as in a perfectly insulated lino, the maximum
seful effect being still :
' m =}

This result is therefore general, and it shows that to obtain the
maximum useful effect the relay should have resistance of 4 the-
circuit.

For less delicate apparatus it is generally admitted that the
speed of transmission varies inversely as the square of the resist-
ances, instead of as the resistances alone. The same reasoning
proves that for such cases the maximum is obtained when m? = §,
that is, when the relay is 4 the resistance of the circuit.

For ordinary apparatus, a mean value of m? = } may be

1ccepted.
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Applying the above results to general cases of long circuits, with
delicate apparatus, we see that the resistance of the relay should
be

On well-maintained lines the resultant of the leakage should be |
in the middle, neglecting the resistance of the battery, we can then
make a=>b,

- _ a® + 2ac _ ac
which gives »=4 x Tate T $(at m).

If the insulation be perfect, then ¢ is infinite, and

R

3

R being the resistance of the perfect line; we thus find anothe
confirmation of the first investigation.

Take a case with moderate leakage. Let ¢ = 6a, then

R
32

r=3%x2a=

r=

with ¢=4a it becomes r= 3o3

R
e

<
I

WP

c=2a ’

CcC = a 1Y) r= 9

which last represents a loss of half the current.

Lastly, when ¢ = d showing a loss of % the current, we get

2 )

re=ot.

4-5
This is the proportion of loss taken by Mr. Hughes in his admi-
rable experiments on electro-magnets. In certain experiments by
this gentleman, with the object of ascertaining the proportionate
resistance for clectro-magnots, he found that with a line giving 500
kilometres resistance (old French unit) the best results were
obtained with a resistance of 120 kilometres on the magnet. The

formula gives

. .435 = Z_‘?g = 111 kilometres.
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If the battery were taken into consideration, this number would
pproach very closely to 120 kilometres.

The new rule, therefore, which indicates that for delicate appa-
atus the relay should have 4 the resistance of the circuit for its
naximum useful effect, agrees with experience and practice.

It remains now to show that the number of elements neces-
ary to work these relays is not excessive, and that it is not beyond
he bounds of ordinary practice.

In the equation

E=<?¢ (m? + 1)
m
f we replace m and m?2 by their values /4 and 4, we get
% =1-15.

Thus, by increasing the ordinary battery power by 15 per cent.,
we can reduce the resistance of the relays to 4 the resistance of the
circuit, and obtain an increase of two or three times the speed, for
in the equation
N=24_

m? + 1
by replacing m? by its value we find
3
N= §A.

Finally, it follows from this and the preceding investigation that
the coils of electro-magnets should be joined in duplicate are, and
that the resistance of delicate relays should be } the resistance of
the circuit; whilst for less delicate apparatus, it should be } or }
only. Further, that in practice, taking a mean loss on long lines,
thirough defective insulation, of % of the current, the resistance
should be only } or 5 of the normal resistance if the conductor
is supposed to be perfectly insulated.

For apparatus in which speed is no object, but in which the
maximum magnetic force is required, the resistance of the relay

should equal that of the line.
(Signed) EmiLE LaAcoINE,
Chef de la division technique des
Telegraphes.

Constantinople, January 4, 1877.
TOL. VI Q
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TELEGRAPHY IN NEW ZEALAND.
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stated his price for it. To quote actual cases: where the con-
structor offered £300, the Maories demanded £2,000; where he
offered £30, they asked for £200; and this kind of thing occurred
at least a dozen times before the contracts were finally completed
on the constructor’s terms. One party of Maories held out for six
weeks, and were very strenuous in their assertions that mnothing
should induce them to allow the wire to go on any but their own
terms, but they gave way atlast. In every case a fair valuc for
their work was offered them in the first place, but the idea of com-
pensation for destruction of timber was never entertained; if it
had been, the demands would have been enormous, and would have
increased at every fresh patch of forest that had to be dealt with.
There was no real case for compensation, for the timber was, in
every instance where claims were preferred, either unmarketable
or so difficult to get out to a market as to be practically valueless.
In fern land the favourite demand per pole for permission to erect
the line was £5. Patience and persistence, together with the
greatest care that no injustice was attempted, nor any real cause
for complaint given, by any of the telegraph construction party,
while instant advantage was taken of every concession, at length
overcame all difficulties without a penny of compensation being
paid from end to end of the line. By the 7th of July the con-
structor was again in Auckland, and opened tenders for supply and
delivery of poles at pegs. All soven contracts were at onco taken
up. The prices ranged from 17s. 3d. to 26s. 6d. for 20-feet poles,
25-feet poles 5s. extra.

The contractors went to work at once to foll trees, build sawpits,
and engage sawyers for the pole-cutting, while the bush-clearing
parties were increasing in number as the surveyor worked steadily
forward with his pegging. By the end of October the delivery of
poles commenced. Each contractor was supplied with instructions
for laying the poles, in the following form :—












TELEGRAPHY IN NEW ZEALAND. 241

plans the work was proceeding simultaneously all over the country,
and he had to superintend every detail of it, to make all contracts,
pay wages, and all other disbursements connected with the line;
to issue all instructions to contractors, to negotiate with Maories,
and to keep a system of accounts to the satisfaction of the audit
department. Of the £18,000 expended during the year the
constructor paid (by cheques, for various amounts, from £1 to
£1,000) all—except the cost of the wire, arms, and insulators, &e.,
imported from England. He could not have clerical assistance, for
his payments were made, contracts drawn up, and instructions
written, under all kinds of conditions. Sometimes his saddle was
his writing-desk ; sometimes a fallen log served as both chair and
table, and often he could not do better than lie face downwards in
a Maori hut, and use the floor for a writing-table. He carried
writing materiale, voucher forms, and a cheque-book constantly on the
saddle, and had to be ready to give a contractor a progress pay-
ment, pay wages, or draw contracts whenever and wherever the
occasion required, without reference to the comfort or convenience
of the circumstances surrounding him. The labour and strain
upon him were severe and constant from beginning to end, but he
had bis reward when he saw a difficult work brought to a suc-
cessful issue.

VOL. VL R
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what great effects on the weather are produced by such disturbances
in the higher regions, and why, therefore, in consequence the
United States Goovernment observers are specially instructed to
observe, and record, the motion of the clouds in the upper regions.
These instructions, however, they, of course, are utterly unable to
carry out when the lower regions are also cloudy. Dr. Veeder has
also drawn our attention forcibly to the fact that even surface
winds, although they affect the weather, produce no changes in the
barometer. :

Now, since the value of all storm warnings increases with the
time by which they precede the danger, the day may come when
electrical and magnetic observations may not only aid, but actually
supplant, barometric ohservations.

But, if an electrometer arranged to measure atmospheric elec-
tricity be always varying in its indications, then it may be objected
at the outset that we cannot make any use of such observations, for
where are the laws which connect wind and rain with the electric
potential of the atmosphere? As well, however, fifty years ago
might it havd been objected that, as storms were very complicated
phenomena, and as their connection with atmospheric pressure,
temperature, &c., was very vague, it was quite idle to make sys-
tematic meteorological observations. Had such objections, however,
been allowed to carry weight then, the regular reports of tho
United States Signal Office, and of other similar offices (which
reports, we think, we are right in regarding as among the triumphs
of modern science), would have had no existence. But we may go
even further than this. Not only has experience hitherto always
shown the wisdom of making regular observations, even when their
practical value could hardly have been foreseen, but in the case of
atmospheric electricity, or rather in the case of its allied subject,
natural currents in telegraph lines, one of our greatest meteoro-
logists, the late Admiral Fitzroy, has testified to their value in his
forecasts of the weather. Mr. Cromwell Varley, the well-known
electrician, having noticed that on several occasions earth-currents
were followed by a change of weather, communicated this tact to
Admiral Fitzroy, who found such information of so much assistance
to him in predicting the coming of storms, that he requested ‘o
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mation can (at any rate at the commencement of the study of the
subject) be gained.

We have not in this short paper referred to the medical value
of systematic observations of atmospheric electricity, but we aro
informed by well-known doctors, that they believe the electric
state of the air has no small effect on the general health of the
public.

[It may be well to remark that any suitable simple recording arrangement would
be exceedingly valuable if applied to a Thomson’s improved ship's-compass. Such
an arrangement, working, say, in the captain’s cabin, would give a complete record
of the course of the ship during a voyage.]

A DUPLEX PARTIAL-EARTH TEST.
By W. E. AyrToN and JoBN PERRY,
Professors in the Imperial College of Engineering, Tokid, Japan.

All practical Electricians are aware of the great difficulty ex-
perienced in determining the exact position of a partial earth fault
when the loop test cannot be employed. The well-known method
devised by M. Blavier (see Clark and Sabine’s Electrical Tables,
p- 47), which consists in making two tests of the resistance of the
faulty line—the one when the distant end of the line is insulated,
the other when it is put to earth—has the very serious objection
that unless the resistance and polarisation of the fault remain con-
stant while the two tests are being performed no use can be made
of the tests. Now, apart from circumstances unconnected with the
testing, the resistance and polarisation of the fault are extremely
likely to vary : first, because the current passing through the fault
in the insulation test is much greater than in the conduction test,
and this is especially the case when the fault is near the distant end
of the line; secondly, because, if any electromotive force exists in
the fault, then tests with reverse currents must be made, both when
finding the insulation and conduction resistances, and reversing the
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Firsr.— Connect two galvanometers and batteries to the faulty
line, one set at each end, as shown in fig. 1. One of these batteries
has its copper pole to line, the other its copper pole to earth; this

S

Fig. 1.

is for the purpose of sending as little current as possible through
the fault so a8 not to alter its resistance or polarisation with too
great rapidity. This precaution is desirable but not indispensable.
Note the current on the galvanometer at each end at the moment
when a signal is sent on a second line (which is workable but not
sufficiently well insulated to be used in the loop test), or, better,
adjust the controlling magnet of the galvanometer at each end so
as to keep the needle at zero,® and at the moment a signal is given
on the second line leave the magnet alone; the latter method of
keeping the needle at zero has the advantage that the galvanometer
is then used in its most sensitive state.

S8ecoND.—Disconnect the galvanometers from the line and insert
resistances » and ' as in fig. 2, so as to exactly reproduce the
currents previously obtained, or so as to exactly bring the needles
back to zero, the controlling magnets being left as they were the
moment the signal was sent on the second line. Attach one pole
of a Latimer Clark’s constant cell (these are very cheaply made,
and have an extremely constant electromotive force if they are not
employed in sending currents) to some point A, A’ of the resistance
coils, and find another point B, B’ such that no current passes
through the battery detector d, @ when it and the cell are connected
with the points A B, A’ B’, care being taken to send as few currents

® This adjustment should be made by turning the magnetic field-of force without
producing much alteration in its strength.
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as possible through the constant cell during the trial. Let the re-
sistance A B, A’ B’ be ¢ ¢’ respectively.

J
© (g (5] ¥
Fig. 2.

Let , y be the resistances of the line from each end up to the
fault, and ! the resistance of the whole line, previously obtained by
testing when no fault existed, then

L _dr+q(=D

7—q
g (—r)—q7
7-qg "’

Y =

as will now be proved.

Let ¢ ¢ bo the electromotive forces of the batteries, and X, Y
the currents flowing through the two portions of the line, then by
Kirchoff’s second law we have from the first test made simulta-
neously at the two ends of the line

X(e+g+0)+Y(y+g+¥)=e+¢.

The fault may have a resistance f, an electromotive force p, and
there may be a current F flowing through it, but the above equation
contains none of these three unknown quantities.

From the second test, we find by Ohm’s law, if E is the clectro-
motive force of the Clark’s constant cell,

e

YR

el
Y - '7"1—_*___5/ _'*_" b,
¢=rtgtb
E q ’
€_rtg+V¥

q
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therefore, eliminating X, Y, ¢, ¢, we have
z—r_r—y

q g
y=l—=
S —Qr=qr+qr—ql
or z=grter=0
7—q
and y= q%q_ﬂ.

But
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‘When instruments for measuring differences of electric potential .
are not available, as for example in offices connected with cables
under rivers, under straits, &c., then this method will be found of
great value for determining the position of a partial-earth in a
submarine cable, since if simultaneous readings or adjustments of
the galvanometers be made at fized times previously agreed upon,
and the results communicated afterwards by ship, no second cable

is Tecessary.
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The Fifty-eighth Ordinary General Meeting was held on Wednes-
day, the 25th April, 1877, Mr. LatiMer CLARk, C.E., Past
President, in the Chair.

The following paper was read :—

ON BATTERIES.
By MarmiN F. RoBerts, F.C.S.

Batteries are of such cxtreme importance to all Telegraph
Engineers, and the cost of their construction and maintenance forms
such a very considerable item in the working cxpenses of, I may
say, almost every line of telographs, that I trust the paper I have
the honour of reading this evening will not be altogether without
interest, and I even hope that it may be of some practical value to
the members of this Society. I have not attempted to discuss in
this paper the relative merits of the many batteries now in use for
telegraph purposes, as this question has been recently so ably dealt
with by Mr. Sivewright in the paper he read before this Socicty
on ‘“Batteries and their Employment in Telegraphy,” but I have
rather confined myself to giving the results of experiments I have
made with a view to obtaining the best possible working from the
two batteries most largely used in this country, viz., the Daniell's
and Leclanché ; and in stating these results I have purposely, as
fur as possible, avoided purely theorotical questions, a\though Y
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Fig 2.

The internal resistance of this cell is then measured, cither by
joining it up in circuit with a tangent galvanometer, and adding
resistance until we get half the deflection, or by Sir William
Thomson’s, or one of the other methods commonly in use. The
porous cell to be tested, which has been filled with, and placed in, a
solution of sulphate of copper of the same strength as that used in
the battery, during, say, the previous twenty-four hours, is then
removed to the cell of known resistance, and placed so that it
surrounds the copper plate. On again measuring the resistance of
our cell, which now includes two porous pots, the increase will be
due to the one surrounding the copper plate, and it is therefore
only necessary to deduct the figures obtained in our first from those
obtained in our second experiment to get the true resistance of the
porous cell we are testing.

A round cell 4 inches high by 2} inches in diameter, and 3th
of an inch thick, after being soaked in a saturated solution at 60° F.
of sulphate of copper for twenty-four hours, should not give
more than 2 ohms resistance, and this resistance will usually
decrease to a considerable extent after the cell has been in use a
few days.

To measure the resistance of cells in a solution of chloride of
ammonium (sal-ammoniac) the arrangement would be the same,
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the lowest 80 per cent. of pure peroxide. This, like sulphate of
copper, is another substance which should always be analysed

before use, as some of the samples 1 have had sent me for analysis
" during the last few years, and which have been represented as of
high quality, have not contained more than 35 per cent. of peroxide,
and would therefore have been of no use for fitting up this hattery.

The next important consideration is the resistance of the carbon
plates, and it is very advisable that cvery one should be tested
before use. A convenient way of making contact with the plate is
to rest each end on a small flat surface of mercury. The maxi-
mum resistance in a carbon plate 43" x 1§” x 3;” should be 1 unit,
but good plates, made from the carbon of gas retorts, whon tested
in this way, do not average more than 05 unit, and a very large
proportion of them come out as low as 0°1 unit, and in some cases
even less.

Of course these plates do not give nearly as much resistanco
when in use in a battery as when tested with the mercury con-
nection, owing to one-half of the plate being immersed in the fluid
with which the cell is charged, and the conncction made by the
lead cap is usually rather better than the one made by the mercury.

It will be remembered that when the Leclanché battery was first
brought into use it gave much trouble, owing to tho solution of
sal-ammoniac rising through the carbon to the lead cap, which it
rapidly converted into a chloride of lead, and, as this salt when dry
is a bad conductor, in many cases it rendered the cell completely
useless. This defect has now been entirely removed by the manu-
facturer, by soaking the upper portion of the carbon plate, after
capping, in melted paraffin wax or tallow mixed with resin, and
allowing the plate to cool in it, but the former substance is found
to give by far the better results. This operation of soaking the
carbons with an insulating material is not found to increase their
resistance, as the figures we obtained when experimenting with
tallow, and which are given below, will show :—
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Fig. 3.
but then its recovery is equally quick, so that in actual working the
results obtained compare very favourably with the original form
of this battery ; and the internal resistance is extremoly low, not
averaging more than 1} unit.

Another disadvantage in the usual form of the Leclanché battery
is the risk of damage which the porous and glass cells run when
being conveyed from one place to another, and, to avoid this, about
four years ago the Post Office ordered a number of these batteries
arranged in a teak trough, with the cells separated by slate par-
titions, and coated inside with marine glue, in the way that Dauiell’s
elements are now usually fitted up for telegraph purposes. These
batteries can scarcely be said to have worked well, as, when they
are used on any but very light circuits, the formation of oxychlo-
ride of zinc takes place so rapidly, owing to the zinc plate having
been made too large for this form of battery, that the porous plate
has frequently been known to split and become quite useless in two
or three months. When wo came to refit these troughs with new
porous plates, and reglue them, it was found, on their being tested
before they were reissued, that every cell was in contact, and, as it
is a very unusual occurrence for us to get any ¢ cell-to-cell "’ leak-
age in a refitted Daniell’s trough, we at first attributed the failing
to the tronghs having been damp when glued, or to some careless-
ness on the part of the men, and another lot was therefore boiled
out and glued, but with exactly the same result, every cell hetng,
in contact. As we were even then not satisfied that proper care
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I have already mentioned that the bursting and flaking of the
porous cells is one of the greatest defects of the Leclanché form of
battery, and, looking at the chemical action which takes place in
this cell, I am afraid that, while porous ware is used, this cause of
failare will never be entirely removed. You will be aware that
the chemical action in this battery is usually represented thus:—

Before contact,

Zn+2NH,Cl+2Mno, + C,
and after contact,
ZnCl; + 2 N Hy + H, O + Mn, O; + C,

and there is no doubt, the instant the battery is first put in action,
that this formula is correct; but, when the chloride of zine increases
in the cell, we must find another formula, as an ammonio-chloride
of zinc commences to form, which usually first appears in crystals
on the porous cell.

This later action must be represented as

2 (Zn Cly) + Zn Cly (NHy), + Hy0 + Mn, O; + «(NH,),
“2” in both cases representing an indefinite quantity, as the quantity
of liberated ammonia which combines with tho chloride of zinc in
solution is not constant, and varies with the tomperature and tho
form of the cell, but the composition of the first crystals which
appear is Zn Cl; (NH;),. As this battery goes on working without
the solution of sal-ammoniac being renewed we even get a third,
and, I am disposed to think, frequently a fourth action, but these
last reactions are very complicated, and 1 can therefore only give
you an idea of them by the composition of the oxychlorides of zine
which form in the battery. We must remember, to understand
these last actions, that as the battery goes on working we get a
very concentrated solution of chloride of zine, and that ammonia is
still being produced, and this ammonia, especially when it is formed
rapidly by the battery being hard worked, combines with the chloride
of zinc under some circumstances, I am inclined to think, in the
way represented by the first, and under others in the way repre-
sented by the second, of the two following formule :

4ZnCly + 6 NH; + 7 H;0 = Zn,Cl; O, 4 H,O + 6 NH, Cl
or
7 Zn.Cly + 12 NH; + 16 HyO = Zn,; Cl; O, 10 HO + 12 X% Q\
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by many chlorine manufacturers, the methods employed could not
be made use of for oxidising the waste products from a Leclanch¢
battery. ‘

I may mention that the sal-ammoniac used for charging this bat-
- tery usually contains more or less iron, but this does not injuriously
affect the working of the battery, as it is simply precipitated by
the ammonia liberated inthe battery. The sal-ammoniac of com-
merce may therefore be safely used.

And now, Gentlemen, before resuming my seat, I must beg to
explain that I intentionally selected the comprehensive title I have
given this paper, in tho hopes that those Members who have
devoted attention to the subject of new galvanic arrangements
would favour us with descriptions of their inventions or improve-
ments, as the case may be; and I hope this intention on my part
will be considered a sufficient excuse for my not having adopted
the more modest title of ¢ A Paper on some Points connected with
the Maintenance of the Daniell’s and Leclanché Batteries,” as the
latter title would far more fitly have described its contents. There
is, I think, no doubt that we have not yet got the battery of the
fature, but the large number of Daniell’s and Leclanché’s batteries
in use, and the immense sums annually spent upon them, must be
my excuse for having occupied your time so long as I have
in reviewing some of the causes which affect their working. In
conclusion, I must beg to sincerely thank Mr. A. Bell for the valu-
able assistance he has given me while preparing this paper.

The CHAIRMAN : We shall be happy to hear any remarks upon
Mr. Roberts’s paper. I hope you will not fail to observe’ that
he has invited any questions ubout batteries generally, therefore it
will come fairly within the scope of this paper.

Mr. ALEXANDER J. S. Apams: Although I cannot hope to throw
new light upon the chemistry of the battery cell, I rise to submit
peculiar feature, which, whilst not hitherto noticed, so far as I am
aware, may be interesting and apposite to the subject before us.

Having occasion to compare the internal consumption of material
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views on the nature of the changes which go on in our batteries.
I agree with Mr. Fitzgerald that chromate of lime might be brought
to be a cheap ingredient, and we cannot but appreciate his kind
offer to send specimens of it for experiment to Members who would
like to use it. I hope some of our Members will take advantage of
the offer, and will experiment upon the value of this chromate of
lime. Mr. Fitzgerald gave me some of it two or three years ago,
and I tried experiments with it which convinced me in a satis-
factory manner, but, having to go abroad at the time, it was
neglected ; but, from what I learnt at first, I formed a high opinion
of it. Ido not know what to think of batteries: we have such
good accounts of the bichromate battery, the Leclanché, and others,
that we must form our own judgment of their respective value. I
hope in due time we shall have further information on this sub-
ject, in order to determine what shall be the battery of the future.
I have great pleasure in proposing a vote of thanks to Mr. Roberts.

The proposition was unanimously agreed to, and the Meeting
adjourned.
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electrical contacts and adjustments, or rely upon the strict attention
of an operator. With that view, the bracket or cradle of the send-
ing key of the early days was provided with a vertical axle, so as
to give the lever a horizontal motion, and it had to be held over
Jaterally against the tension of a spring for sending, an operation
which required some practice, and was rather fatiguing to the
operator. It would return when released by the hand, drawn by
the tension of the spring, into its position for receiving, and dis-
charge the line direct to earth on its road before reaching the relay
contact. That key, which originated in 1838, is deseribed and
illustrated in Dr. Schellen’s German work on Telegraphy, published
in 1870, page 550. It has since undergone several modifications,
without deviation from the general principle. One form is care-
fully illustrated and described in the same work, page 552, and is
an acknowledged improvement of the older form, no longer trying
to the arm of the operator, nor requiring special skill, as it works
Jjust like a single-current key. It is best explained by comparing
it to a pair of scissors with one shank insulated from the other when
open. Both parts, being held together by the hand of the operator
when sending, are brought into metallic contact, and rock together
on one common horizontal axis, like an ordinary sending-key,
making contact up and down to zinc and copper respectively ; but,
on the operator’s hand releasing the handles, the upper half, which
is in contact with the line, ascends until its corresponding back part
comes in contact with the relay stop for the receiving position,
thereby breaking contact with the lower half, which communicates
with the poles of the battery. During a portion of the time of both
ascent and descent of this upper half, to which line is attached,
direct contact to earth, for the purpose of discharging the line, is
made by the action of a spring upon a little crank lever before
bringing the relay in direct contact with the line, on the one hand,
or before sending any fresh currents into it, on the other hand.
The latter key, designed in 1869, is the key actually used by the
Indo-European Company’s clerks since the erection of their lines.
The sending-key, as shown on the diagram, and as applied to the
instruments which, through the kindness of Messrs. Siemens, I am
enabled to place on the table before you, is still of a later origin
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Fig. 3.

at the end of the lever ¢, and, when thus caught, the spiral spring
&, which tends to turn the axle & round its.own centre, is prevented

from doing so. (Pos. L. fig. 4.) On the elongation d of the writing

VOL. VL. U
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200 DOUBLE-CURRENT TRANSLATION, AS EMPLOYED [Msy %,

. lever striking againrst lever e from below, the little pin is released

from the hook on e, the spring /' can contract and turn the axle
trough the incision in which arm i now can pass, and the clock-
WOL- starts running. Thereby the bent lever g has been thrown
over {0 the left until the inner edge of its curved part strikes against
the arm 4 (Pos. II fig. 5.) A projection from this arm & now

engages with the curved inner edge of the bent lever ¢ thereb;
extending the spiral spring #’, and, forcing the lever over from left
to right, passes the little pin on g under the hook on e in the same
direction during the first quarter of its revolution to the right.
(Pos. IIL fig. 6.) During the second quarter of the turn the pin
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returns from right to left, drawn by the now contracting spring %/,
and leaves it engaged in the hook on ¢, when, having nearly com-
pleted the second quarter of a revolution, it points downwards.
(Pos. IV. fig. 7.) Thereby the axle 4 has assumed its original po-

sition, so that, when now arm ¢ has made one complete revolution,
it must strike against the edge of the incision on %, and is arrested,
and with it the clockwork (Pos. I. fig. 4.) Each marking current,
therefore, which passes through the coils of the inker at intervals
exceeding the time it takes arm i to make one turn, will start the
J clockwork, allow the drawing-off drum to make one revolution,
and then arrest it again. If, however, currents arrive in rapid
succession, as they do when a message is being sent, the little pin
cannot engage with the hook on ¢, which is constantly being struck
by the elongation of the writing lever, and, even if it should happen
to be caught, it would require, in order to stop the clock, a quies-
l cent state of the armature for the duration of rather more than the
latter half of the revolution of arm ¢, viz., from the time of its lock-
ing of the pin on g with the hook on e till the arrival of the arm
at &, which, being almost three-quarters of a turn of the drawing-off
wheel, is not likely to happen in practice. Part of this arrange-
ment, as, for instance, the employment of axle 4 with its incision,
is not new, and has been repeatedly employed before by others for
u2
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discussion should take place. It is my’duty as well as pleasure to
point out the characters of the subjects which we hope we may
have to discuss in the course of the ensuing Session.

The vote of thanks to Mr. Langdon was unanimously passed.

The following candidates were balloted for and duly elected : —

FoREIGN MEMBERS :

Elisha Gray.

Thomas J. Larkin.

Professor Moses G. Farmer. *
George A. Hamilton.

Geritt Smith.

MEMBER :
A. H. Irvine.

ASSOCIATES :

William Dennett.

Thomas Thompson.

John Lea.

Thomas Thornhill Markham.
B. Mason.

Julius Ebel.

When the meeting adjourned for the recess.
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touching at Coquimbo; 38 soundings were taken, making a total
of nearly 15,000 fathoms; maximum depth was 1,085 fathoms, and
distance sounded over about 450 miles; the time occupied in sound-
ing being 2 days 13 hours.

A comparison in this case will render it apparent that sounding
work can be done with the wire apparatus in something less than
one-third the time occupied by the rope and heavy lead method.

A few abstracts from the sounding book will show the time
occupied in taking casts in 1,000 fathoms, or thercabouts : viz.—

H. M. 8.

No. 9 Sounding  Let go at . . 11 950
Down . . . 32 15
Up . . 52 20
M. 8.

1,122 fms. Time 42 30 -

No. 11 Let go at . . 32430
Down . . . 35 0
Up . . . 55 0
M., 8.

830 fms. Time 30 30

No. 4 Let go at . . 53250
Down . . . 40 30
Up . . . 52 0
M. 8.

730 fms. Time 19 10

No. 12 Extension Let go at . . 451 0
Down . . . 5 510
M. 8.

1,040 fms. Time 14 10 in descending.

No. 33 Let go at . . 10 130
Down . . . 22 0
M. 8

1,085 fms. Time 20 30 in descending.

In view of what has been set forth in the foregoing remarks,
and by way of making the comparisons therein contained more
striking, a statement showing the relative cost of rope and wire-
sounding gear are appended.
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copper with terminal F, from whence the whole of the current
flows by wire W to spindle 8, contact m, terminal T, and
sending lead to line by terminal 5. No current (or at least only
an infinitely small quantity—just enough to show that all is right)

Earth

Key & Switch
i
Sending Batlery

Fig. 6

passes through the galvanometer coil when sending, as the resist-
ance of the galvanometer coil is so much larger than that of the
sending lead.

The same takes place on depressing the right-hand key, only
the copper pole is in connection with earth and zinc with line.

ANDREW JAMIESON.

UNIFILAR SUSPENSION.

An arrangement for supporting the silk fibre that carries, for
example, a system of astatic needles in a galvanometer, would be
pronounced a good one if it enabled the following operations to be
quickly performed :—

1. Centering the fibre so that the magnets shall hang symmetri-
cally with reference to tho coils when the lino passing through the
centre of the coils is vertical.
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‘WorkING MoODULUS IN FEET.

Factor of Safety. Soft Iron. Homogeneous Iron. | Steel Strand.

3 5,867 11,738 17,600
4 | 4400 8,800 18,200

3,620 7,040 10,560
6 2,933 5,867 8,800

II.—Properties of the Catenary.

If a perfectly flexible but inextensible wire of uniform material
and size throughout its length be freely suspended from two points,
it will, under the influence of gravity, fall into a curve which has
been called the * catenary.” The properties of this curve cannot
be investigated without recourse to the higher methods of analysis ;
but it may be noted that when the ¢ dip ” of the wire is small com-
pared with the horizontal distance between the points of support,
the form of the curve differs little from that of the ¢ parabola,”
which is treated of in all books on the conic sections or on elemen-
tary analytical geometry.

It will be assumed that the wire is perfectly flexible and inex-
tensible.

Fig. 1.

Let A and B (fig. 1) be the two points of the suspension and A C B
the suspended wire.
Draw A D A’ horizontally and C D E vertically.
The lowest point (the vertex) C of the curve falls nearer to the
z2
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The first point then is to determine the position of the vertex D
of the catenary. Continue the catenary from F to G’. Draw
GHG' and K'F E F' K horizontally and BK G, A’F, CDEH,
AF and B'K’ G’ vertically.

BT . ¢ a B

Fig. 8.

Let difference of levels between the points of support F and
G = GK = 'K’ be denoted by b.

The wire will be pulled up so that it will be at its working strain
at the higher point of support G (when the strain is greatest),
hence the ordinate (y) of the curve at G will = [, the working
modulus of the wire; and the ordinate (3') at F obviously =
(-2d).

If d denote the dip of the wire D E below the lower point of
support F, (b+d) will be the dip below the higher point of support
G ; and the parameter of the catenary C is = {{— (b+d)}.

Now wo may regard AC=CA’= X’ as the half span of the
catenary F, D, F’; and BC=C B'= X” as the half span of the
catenary G, D, G’; the two cantenaries having a common para-

meter C.
Qur data are
d 4+ a"=a
y=1
and y=1-b

Now, we note that the maximum value C can possibly have is
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1st CasE. A continuous and uniformwire is employed from check-post
to check-post.

The figure sufficiently explains itself.

The first question is, what length to make the back span B C. If
B K, the height of the checkpost be given, we can readily calculate
the length of back span admissible.

Let M P be the minimum headway we desire to allow in the
back span : then obviously B K must at least be as great as M P,
and, in practice, ought to be sensibly greater than M P, because an
insulator placed at the vertex of the catenary would be in unstable
equilibrium, and liable to spring out of the bracket. On these
" grounds, then, we leave a certain amount of dip L P below the level
of the top of the check-post.

The wire is supposed to pass over the insulator at F' without sen-
sible friction, that is, as a flexible cord over a small pulley ; hence
the tension along the wire on hoth sides of F is the same, and is
equal to the working strain of the wire. The ordinate of the back
span, therefore, at F, is equal to the working modulus [ of the wire.

Knowing the ordinate of the curve (=) at F, we know the
parameter of the catenary K P F, namely { — (FT + L P).
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Assume, then, ¢ = 2250. We now find &'=0'13 and d’=4.
Whence = 5°145 and #”= 28:187. This gives BC = 2'+ o=
83332 = 249'99 yards = 250 almost exactly.

We may therefore take ¢ = 2250. The value of the ordinate
(1”) or the back span side of the insulator is 2,250 + 90 = 2,340;
and we know the value of the ordinate (I') on the main span side
of the insulator = 13,200 (steel strand at quarter breaking strain).
We have already shown that

‘ w
w
where w” is the weight per unit of length of the iron wire on the
back span, and w’ the weight per unit of length of the steel wire on
the main span.

Hence, in this case—

13200 ,

w’ = 2340

= 5641 v’

That is to say, the back span wire would require to be upwards
of five and a-half times the weight (for equal lengths) of the main
span wire.

The wire in the back span would be at a strain only a little over
4 breaking strain.

R. 8. J. Broucs.
Calcutta, July 24th, 1877.
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more sign of wearing out than when it was first put into action.
It is made of light steel and brass. Fig. 2 gives a side view of
it, fig. 3 a vertical view looking downwards, and fig. 4 an end

Fig. 2.

Fig. 3.

view, showing the roller on an angle of the cam breaking the
contact as shown in fig. 2.
The adjusting screw at the top raises or lowers the roller at
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pleasure. The range to which this motion is limited in this par-
ticular one is nearly an eighth of an inch. This can, of course,
be increased in future ones if desired. Raising the roller reduces
the length of contact atthe angles of the cam, and lengthens the
““ make ”’; lowering the roller on the contrary lengthens the contact
with the cam and increases the time of the ¢ break.” As the
ordinary adjustment moves the whole frame together, this furnishes
a supplementary adjustment, but the chief advantage lies in the
compensating for the wear of the platinum contacts. As these
reduce by wear and become gradually disintegrated (the bottom
one more especially so), the roller can be raised and still allow the
contacts to meet, thus effecting a great saving in platinum, as well
as supplying a spring which in practice will run for years without
renewal.
Jas. GRAVEs.

Valentia, Ireland,
18 May, 1877.













GENERAL THEORY OF DUPLEX TELEGRAPHY. 363

but as m _ b

N k,_A,n

m

and ,_ K

V=
we have , _ KV 1

== }1__ a— 1 . @V,

m/y

Therefore 8’ approximates most rapidly * towards zero if m‘} ¥
does, or we have
AI
0' = ;n_lTpl
should be as small as the circumstances will allow of.
Now that D’ approximates also rapidly towards zero by making

Al
0 = '7‘,—1’;
as small as possible can be proved as follows :—
By definition we have D = »
I
Further, as ¢’ = 4’ (on account of the key equa-
tion), we have p’ = §' invariably
SI
D= P

Thus LY for any given P’ approximates towards zero at the same
rate as 8’ does, i.e., the smaller & becomes.
Therefore the whole problem is actually most generally solved by
making 0= A
my
as small as possible for both stations.
Now for station (I), if balance in the ¢’ branch for the outgoing

current be established, we have
dd—-bd=o0

* E”—,b can never become zero, but should on the contrary be as large as possible,

and, therefore, 8’ can only approximate towards zero by ;‘,‘—, becoming as small as

v
possible.
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These three causes may act separately or conjointly, and their
total effect we can approximately get by taking the total differential
of ¢’ with respect to z, i, and L.

,_ dd de
dc iz dz + d + de L

or 8c= —8 + 8 + ;ABL approximately,

which expression is perfectly true, however, for small variations
dz,0i,and L.

» / (4
Now "‘Tfk'=§,+sc'=p'+c'+sa,
de dc
e 3¢ ba+ 305 43¢ 51
+c’+80

’

But as 82, 81, and 8L are very small, and as neither {1‘1,':' %’: nor

dcd
di can become infinite, it follows that 8¢ must be always very
small in proportion to ¢’ itself, and more so as compared with p’ + ¢'.
* n_ b
NI Kl I ”
m
. Nl KI Al l‘,
. b’ b/ * m'
KI NI I ”I
or 7= +.b_,. —,
but A'=¥30
. K_N_ ..«
S Em e
Now wyYy _ _’ _"LI
Y
Substituting for %,— its value we get
m¥ =Nt
but N'= d n' 4o
o ‘N—=°l+_ but—l=¢
S == Ay

9t

or "—"—br =c 4y +3c.
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tween the branches, quite independent of 7. It remains now to
determine the magnitude of one of the branches, and to this end
we have to consider the magnetic moments of the receiving
instruments.

Maxima MaeNETIC MOMENTS.—By definition we have
S=P-Q

for both stations, and, as it has been proved before quite generally
that S= o, if A = o, i.e., if rigid balance in the station for the out-
going current be established, we know at once that at or near
balance the currents which in one and the same station produce
single and duplex signals must be identical, and need therefore
express the magnetic moment in each station for one current only,
by presupposing balance in both the stations.

The currents which at or near balance produce the signals are

E” 74 . .
ey =2, _Fr .
G = T 7+ in Station (I)
d /4 E' Y
an *G = 2/% w oy (1D

These expressions follow from the general formule by fulfilling
the regularity equation (VIII) for both stations, and in addition
the balance conditions.

* For balance in Station (II) the current passing throngh Station () is

’ 'V ’ ’
G'=E e V2
K’ Y
w=V

b’

but y’=+" on account of 2 =d =g =f in each station
/ 'V ’
s G'=E it

but w'=4g" (" + V),
and dividing by & we get
E

G== -~

e

but ¢ =¥ o on acconnt of balance in station (IT)

. = _s_
S E=g S
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considered as independent variables, and such indeed according to
the nature of the problem they really are.
Thus, differentiating P with l"eapect to ¢ and ¢, we get
%):=Q—2 ‘/gl{ \/9 +EII “/g”}dQ 0
and
aPpP , , E” d
Gp=Q-2ve{ v g v },ﬁ
But, as the same kind of" instruments are employed in both tho
stations, we require evidently also the same force in both to produce
the signals, no matter what the state of the line may be.
Thus we must put*®

P=P
or E vy _E Vo
4 Q £ q
E”_ le
vy
Substituting this value for the proportion of the E.M.F., we get
dQ —o
- ,Q_Q__
and Q-—4¢ dg”-o’
but d oy’
u d_g =9"+ U +1
and aQ _ ,
3—9,7 =g+ +

Substituting these values in the above equations and reducing ;
and, further, dividing the first equation by I’ + ¢ and the second
by ¥ +1, we get at last

" _il’ ”__ " g” —
vi i g 3g’(l+l,-—,+i)—0

an d lll g/ _
e et (1 + l,—;—i)—o.
Put?” + z-.—:_i? = L” measured conduction from Station (II),

* This supposition in the case of a perfect line is fulfilled by itself, since then the
two instruments are not only of the same kind, but absolutely identicel.

YOL. VI. 2B
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Now ¢’ is a function of p”, but on account of equation (4) p” is
independent of 3”, thus ¢’ is also independent of 4”; in the same
way it follows that ¢” is independent of &' ; thus 0’ and ” can be
explicitly expressed at once, and from the four condition equations
we have

y =9
=4
, all d//
V= —
, _ al d/
F=q
a’/ d”

r==

and, substituting thewe values in the expressions for G’ and G,

we get
ayg
* {cll (all+y/)+a” (gll+clll)} {ql (a,+g,) +al (g’+d’)}

a/l y/

G*=E":

e /> [ —
= E 1. {cl(al+g/)+al( g+d)} {qll(all+gll)+all(!]/I_'_dll)}

where

ql —_ ‘i + r

qll= i+ l’l

4
Put 9; =k
g

and substitute in the first expression

g'=ky

* If in these two expressions we put
i=c

and remember that then .

a'=a"=a

Ad'=d'=d

9'=9'=9
and ¢'=c"=e=L+)p
while y= "—_2": 4)

axl
I e (A (S ﬂ-g

we get G=C=C=F (T tIaGTD} @D

the expression of the current which produces the signals (single and duplex) throngh
a perfect line, as was given in the first part of this investigation (page 374). -
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in the second

=g
9=
when we get
G,=E”ik . 4 " ” Ia, g” ’ g / ’ / '’
{ (@"+g k)+a” (&"+9'k)} {¢ (a'+g'+a (9" +d)}
G =FEi. @'y’

{d(g"+a'k)+a' (9" +d B} { ¢ (@ +9")+a" (@ +¢")}

Now it will be seen that G’ has clearly a maximum with respect
to ¢’, while G” has a maximum with respect to g”; thus, if we take
g as the only variable in G’ (k constant) and differentiate with
respect to g’, we get

K

|

d
dg =9
and if we take g” as the only variable in G” and differentiate, we
get
d GII
dg’
These two equations must be fulfilled simultaneously in order to
have the simultaneous maxima of the two currents in question.
Executing the differentiation, and re-substituting for % its value

= 0.

”
g—,, we get after reduction

al al/ (cll+d//) (q’+d’) _g/gll (a’+q’) (a”+cll)
s n w 1 ’ Iy dc”
—9 @+ g @ +g)+d (F 4+ =0
and da’(¢+d) ("+d")—g 9" (a”" +¢”) (a'+¢)
4 ’ / 4 4 "’ 4 4 4 d ’
— @+ @ +g)+a (7 + )} =0
hi o’ P . d(a@—d)
W hl]e dg/ - (qz_’_p/)g' (a/+—grS§
dﬁ/ — z? B a” (all_dl)
dg’= @+eP ~@HgP
Now the terms in the two equations which have do and e

dg dg”

for factors become independently zero, the first for ¢’ = &, and
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the second for a”=d” ; and, substitutiug these values for ¢ and ¢”
in the other two terms, both become zero for

o a//_g/!/,= 0

whence it follows that ad— d=o0
all_ d’/= o
adad'—gg'=o

is one of the simultaneous solutions of the two equations.*
Thus, substituting for &' its value a’, and for d” its value a”,
we get
Ty ag’
G —E Z(c/,+a,,) (a,,+9”) (al+g/) (a/+q/)

. a ]
=H ) @) @ ) @)

The first equation has clearly a maximum with respect to a’, and
the second with respect to a”, namely,

”
g

GI/

((Ii—g; = 0, which gives o’ = ¢/,
and % = 0, which gives a” = ¢”.

Thus it follows generally that @ = d = g represents & maximum
of the currents, and this, in consequence of the immediate balance,
gives at least

a=d=g=f
the known regularity condition, which thus has also to hold good
in order to make the two currents G’ and ( similtaneous maxima.

The first problem for the bridge method has therefore now been
generally solved, and the results are expressed by the following

formule :
a= d=f=y=w+ﬂ

1= 5(y/i7E)

L+
3

-9 _
where H= 3=

* The other solutions which are possible from a mathematical point of view are
however impossible with respect to the physical problem, for the quantities being
all electrical resistances must be taken with the same sign, say positive.
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ADDENDUM.
HISTORICAL.

When reading this paper before the Asiatic Society on the 4th
February, 1874, and further, when editing the first part for publi-
cation in the Journal of the Society, I was unacquainted with the
fact that a most complete history of duplex telegraphy had been
published by Dr. Karl Eduard Zetzsche®* (Leipzig 1865). Accord-
ing to Professor Zetzsche,t the bridge method of Duplex Tele-
graphy was already invented in 1863 by Maron, a Prussian tele-
graph inspector ; and Dr. Zetzsche very truly remarks that the
bridge method would seem to be that least affected by variations in
the resistance of the line. To this, from an historical point of
view, most valuable book, I refer the reader. It is to be hoped
that an English translation of it may soon be published.

meteorological conditions, has proved to evidence the practicability of the “ double
balance >’ method, which certainly will invariably succeed on any line where single
Telegraphy is possible.

* Die Copiertelegraphen, die Typendrucktelegraphen, und die Doppel Telegraphie,
ein Beitrag zur Geschichte der electrischen Telegraphie, von Dr. Karl Eduard
Zetzsche, Leipzig 1866.

+ Page 126 in the work quoted.
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Now in the particular case under consideration

r = 1500 ¢. m.
R = 3:000 ¢. m.
d = 2250 ¢. m.

and ¢ = 0125 ¢c. m.

Hence F = 396 x 10° grammes per sq. centimetre.

14 Q= 505865 . .
V= 7997 | 8bsolute electrqstatw C. G. 8. units.

Changing the units to the ordinary ones in practical use, we find
14 Q = 16°86 microfarads.
V = 216810 volts.

Assuming the sparking distance to increase as the square of the
potential, it can be calculated from the experimental results
obtained by Messrs. Warren de la Rue and Muller (Proc. Roy.
Soc. Jan. 1876), namely, that 1000-rod chloride of silver cells
give a spark 0°009166 inch, that a difference of potentials of
216810 volts would produce a spark in air between two electrodes
at a distance of about 36 feet apart. This is of course a relatively
very short distance, but it must be remembered that we have only
taken into consideration that portion of the energy of the discharge
which was employed in breaking the 14 insulators, and have
neglected all that was spent in heat, light, &ec.
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Fig. 3.
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said with much glee, ¢ He says Cat and the fiddle.” Fifty miles off
my assistant was answering the question. I asked him next day if
he understood ¢ Hey diddle diddle.” He said ¢‘ No.” ¢ What did
you say.” “1I asked him to repeat.” (Loud laughter.) I will
not occupy your time with my own experience with this wonderful
instrument. I have spoken through 30, 40, and 50 miles, and I
could say a good deal about it, but I refrain from doing so at
this late hour. I will simply second the proposition of Mr. Latimer
Clark, that we return our heartfelt thanks to Professor Bell for
the truly philosophical discourse he has given us to-night.

The PRESIDENT : It is scarcely necessary for me formally to put
this proposition to the meeting, but I will ask those in favour of it °
to hold up their hands,

Professor Bell, allow me on behalf of this Institution to thank
you very cordially for the very admirable account you have given
us of your philosophical invention, and of the practical results
already achieved by it, and to express the hope that these may
speedily be multiplied, and that we shall shortly hear of its further
achievements. (Applause.)

Proressor BELL: I will not take up your time in making any
reply to the very cordial vote of thanks that has been given to me,
but will merely thank you very sincerely for your attention and
for your kindness.

The meeting was then adjourned.
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effect on the resistance of each bar. The results of this test are
given in Table 6.

TABLE 6.
Megohms.
Light  Light
Mark. excluded. admitted.
A . . 3691 54-41
B . . . 4-928 3:046
C . . . . 2885 49-80
D . . . . 49-8 2598
E . . . . 6112 82:57
F . . . . 8191 51-44
G . . . . 61938 64:03
H 50-33 14-07
I 82:57 14:62
K . 47-54 20-07
L . . 6871 116-2
M . . 1034 19-82
N . . . . 67:72 1511
o . . . . 1082 32:85
P . . 8:33 4-318
Q . . . . *1675 1229
R . . . . ‘008374 *003308
A 3691 51-44

The test was repeated on precisely the same conditions between
eleven and twelve on a dark night, and the resistance of each bar
remained constant, the removal of the lid of the box making no per-
ceptible difference. But when the dim light from an ordinary dirty
street lJamp at an angle of 26° and a distance of twenty-one feet fell
on the bars the resistance gradually decreased as shown in Table 7.

TaBLE 7.
Megohms.
Light  Light
Mark. excluded. admitted.
A . . . 5377 505-2
B . . . . 6965 6-810
Cc . . . . 3879 8577
D . . . . 64-29 5675
E . . . . 9998 8926
F . . . 4789 4387
G . . . . 12098 108
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TABLE 7—continued.
Megohms,

Light  Light

Mark. excluded. admitted.

H 42-17 3847

I 4179 39-97

K 6341 6385

L 1121-2 10448

M 9678 85°13

N 69:65 60-89

0 192-3 1817

P 23-10 23:10

Q 18763 ‘16418

R Unsteady Unsteady

A 5377 4839

During the test while the light was excluded the temperature
remained constant at 57° Fahr., but while the light was ad-
mitted the temperature gradually fell from 56-3° to 55°. While
under the influence of the light the resistance of the bar A very
gradually fell from 5052 to 4839 megohms. The resistance of
each bar was higher in this test than it had been before, but from
what cause could not be ascertained. The above test was repeated
about the same time one night, when the dim light from the waning
moon appeared to equal in density that given by the dirty street
lamp in the previous experiment. The result was as given in

Table 8.

TaBLE 8.
Megohms.
~—
Light Light
Mark. excluded. admitted.
A 427-8 4103
B . . . 6-061 5869
C . . . . 3165 301-1
D 5329 50-95
E . . . . 7539 7188
F o, . . . 3832 3694
G . . . . 843:0 8279
. . . 358 33-47
I . . . . 3864 37-85

K . . . IR ) WI
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TaBLE 12.
Mark. Temperature. Resistance in
megohms.
Cc . 113 2885
C . . . . 44 2275
E . . . . 118 6112
E . . 44 5548
G . 118 619-3
G . 44 6485

But when excluded from light and the temperature maintained by
artificial heat (ordinary coal gas) they each behaved as a dielectric,
as shown in Table 13.

TasLE 13.
Mark. Temperature. Resistance in
megohms.
C 100 288-1
Cc . . . . M4 291-7
E . . . . 100 6338
E 44 7581
G 100 6549
G 44 962-7

If tho correction for temperature were applied to each bar, the
results obtained during the eclipse would be more marked than
they are. In the experiment during the ecclipse the deflections
obtained are given. The resistance corresponding to the deflection
is as given in Table 14.

TaABLE 14.
Resistance
Deflections. in megohms.
171 2653
179 2585
190 2888
235 193-1

So that the action of reflected solar light reduced the resistance
about 26 per cent. VWhen the shadow had quite passed from view
at 1:10 a.m. the defleetion was 207, and went on increasing to 235.
As the light at 1'10 appeared to be as bright as at 2:19, the im-
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high, the resistance becomes too low, and far from reliable; and if
too short a time, the resistance is very high and again not reliable.
But by careful attention to both time and temperature, the amount
of which will depend on the proportions of the selenium to be
annealed, there is no difficulty in producing it, so that when it has
settled to the normal temperature its resistance will remain con-
stant. The results of my experiments with the samples which I
have prepared myself, have more than surpassed my expectations.
Properly prepared selenium follows the law of a dielectric (gutta-
percha) as to temperature. I have made a series of special experi-
ments, and from the results have compiled Table 15, in which is
given the relative resistance for each degree from 100° to 40°
Fahr., assuming the resistance at 100=1.

TaBLE 15.

Temp. Resistance. Temp. Resistance.
100 1:000 70, 2:028
99 1024 69 2:077
98 1042 68 2:126
97 1078 . 67 2:177
96 1:099 66 2:229
95 1125 65 2-282
94 . 1-152 64 2-837
93 1179 63 2:392
92 . 1208 62 2-449
91 1286 61 2:508
90 1°266 60 2567
89 1296 59 2:629
88 1:827 58 2:692
87 1-359 57 2756
86 1:391 56 2-822
85 1424 55 2889
84 1-458 54 2:958
83 1:493 53 3028
82 1529 52 8101
81 1:565 51 8175
80 1602 50 8250
79 1641 49 . 8328
78 1680 48 3-407

7 1-720 47 3-489
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Mr. J. Morris. Mr. John Neale.
Capt. John Ramsay, R.E. sy Louis Crossley.
Mr. Arthur Schindler.

The following Students have been advanced to the class of
Associates :—

Mr. S. F. Hooper. Mr. J. D. Warren.
» A. Hayes. s W. H. Cochrane.
E. Palliser. s H.F. McKain.

”»

»y T. Gatehouse. »» C. H. Phillips.

































466 . ANNUAL REPORT FOR 1877.
STATEMENT OF RECEIPTS AND

RECEIPTS.

£ s d £ s d

By Balance 81st Decr, 1876 129 6 7
» Subscriptions 1872 2 20
” » 1873 7 40
» ” 1874 1610 0
» » 1876 5117 O
» ”» 1876 147 7 0
» ”» 1877 828 8 &5
» » 1878 2613 O

—_—1,080 1 5

» Comlgosmon of Life bubscrlptlona 20 0 O

blishing Fui 13 1 0

» Sale of Jonrnals 3310 8

Total #£1,276 19 8

e

STATEMENT OF THE

On 8lst

INCOME.

£ s d.

By Donations .. 200 0 O

,» Compositions ... W 21115 O

]

Total £411 15

ESTIMATE OF ASSETS

On the 31st
ASSETS.
£ s d
To Unpaid %uhscriptium .. . 30616 0
, Furniture e 210 0 0
. (Objects pre\ente(l to the Soc leh . W 215 000
,»» Journals in hand vee .. 418 0 0

Cash in hand e 10217 10

£1,452 13 10
A i



ANNUAU REPORT FOR 1877. 167
EXPENDITURE FOR THE YEAR 1877.

EXPENDITURE.

£ s d.
To Salaries—Clerical Assistance and Dranghtsman ... ... .. 147 0 O
» Shorthand Reporter vee .. 17 6 6
» Attendance and Refreshments at Meetmgs .. 16 5 8
» Printing and Stationery . . 61517 1
» Lithographing ... .. b411 6
,» Ronalds leran—Prepmng Ca.ta.logne and Insnmnce . 43 9 0
, Rent, Taxes, and Fuel . 175 17 0

» Petty Expenses, mcludmg Shlppmg Joumals, Postage aud l{eoelpt
Stamps, &c. ... 10215 1
£1,173 110
Balance Cr. ... . 10217 10

Total £1,275 19 8

We have compared the above Account with the Vouchers and Cash Books, and
find it to be correct, leaving in the hands of the Bankers one hundred and two
pounds, seventeen shillings, and ten pence.

J. WAGSTAFF BLUNDELL, )
FRED. CHAS. DANVERS, % Auditors.

CAPITAL ACCOUNT
December, 1877.

EXPENDITURE.

£ 8 d
To Furniture and Fittings ... .. 376 4 6
Balance Cr. 3510 6
Total .. £411 156 0

AND LIABILITIES

December, 1877,
LIABILITIES.

£ s d
By Salaries ... .. 4210 0
» Petty expcnses ... . 26 3 7
» Printing, Stationery, and thhogmphmg .. 679 3 7
» Short-hand reporter . ver 5 5 0
,» Attendance and Refreshment 6 4 5
» Ronalds Library . 10 8 7
» Rent, Taxes, Fuel, &c. ... e 9119 O
» Subscrlptlons paid in advance . 2613 O
888 7 2
Balance Cr. .. 564 6 8
£1,452 13 10
e ————
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of one body upon the other; in other words, that for the production
of telephonic sound the existence of a diaphragm of air between
the magnet and disc is an essential condition.

I select two experiments :—

Varnish the opposing surfaces of the disc and magnet, and
when hardened bring them together. Sounds may now be ob-
tained, but if the two surfaces be caused to. adkere by the applica-
tion of varnish no sound can be produced.

- Construct a flat narrow cell of watertight material, fasten the
magnet-pole by varnish or other adhesive substance to one side,
and the iron disc to the other. So long as the cell contains air the
telephone will speak, but upon filling the cell with a fluid to the
expulsion of the air no sound can be obtained. If, however, a flat
envelope containing a film of air be immersed in the cell, sound
may again be reproduced ; but upon filling this envelope with oil
or water, or otherwise expelling the air, the sound will again cease.

How far the twin effects of static and magnetic tension are due
to one and the same cause it is difficult to define, but, although the
phenomena I have described appear to have been hitherto unre-
cognised, they will, I think, eventually add an important page to
the history of electricity.
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NEW MEMBERS.

ASSOCIATES :

Mr. C. Chevallier.

Dr. Elam.

Mr. W. R. Anderson.

Mr. Walter Bolton.

Mr. Alfred Atkinson Jordan.
Lieut. F. W. Bennett, R.E.
Mr. Thos. A. Croal.

Mr. George Raymond.

Mr. Archd. Christie.

Mr. Hy. Dennis Hasdell.
Mr. James Howell Turner.
Mr. Frank A. Taylor.

Mr. Hy. Ponder.

Mr. Rd. Bradley.

Mr. John Fletcher Moulton.
Mr. George Smibert.

Capt. A. H. Richardson.
Mr. F. Bolton.

Mr. W. Bosomworth.

Mr. Arthur Reade.

Mr. Fredk. Westley Dyer.
Mr. Herbert R. Edmonds.
Mr. Hy. Windeler.

Mr. Chas. Hy. Wilson.

Mr. Hy. Clipperton.

Mr. D. Pigeon.

Mr. W. W. Vyle.

Mr. Alfd. Langman.

Lieut. W. G. Addison, R.E.
Mr. James Smith.

Mr. J. D. R. Stuart.

" Mr. J. D. Doyle.

Mr. Arthur R. Simkins.
Mr. James Wright.

Mr. James Davis.

Mr. James O. Fry.

Mr. George M. Gilbert.
Mr. Thos. Harrison.
Mr. Alfd. James Frost.
Capt. Hamilton Geary.
Mr. Walter Teale.

Mr. William Oliver Jones.
Mr. W. Standford.

Mr. H. May.

Mr. D. Anosi Falch.

STUDENTS :

Mr. Arthur F. St. George.

Mr. Leopold D. Barclay.

Mr. Alfd. Chas. Monckhouse Weaver.
Mr. Thos. D. F. Andrews.

The meeting then adjourned.
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HENRY DANIEL RUHMKORFF. 19?7

was rapidly extended. In 1844 Ruhmkorff brought out his first
invention, a convenient thermo-electric battery. Soon after he
turned his attention to magneto-electricity, especially the pro-
duction of the induced currents, discovered by Faraday in 1832.
A long series of experiments resulted in the appearance, in 1851,
of the famous ¢ Ruhmkorff coil,” with its later modifications, the
most impartant piece of apparatus in this branch of physics. With
this powerful adjunct the electrician was enabled to obtain sparks
18 inches in length, pierce thick plates of glass, and carry out a
vast variety of experiments. This invention was rewarded by a
decoration and medal at the Exhibition of 1855, while in 1858 it
received the first prize of 50,000 francs at the French Exhibition
of Electrical Apparatus. Since then the manufacture of the coils
and of electrical machines in general las assumed enormous
dimensions, and the leading physicists of Europe are well ac-
quainted with the dingy little bureau in the Rue Champollion,
near the University. Personally M. Ruhmkorff was of a quiet,
dignified appearance, and, despite the disadvantages of his early
life, he enjoyed the friendship of the leading Parisian savants, and
was an honoured member of the French Physical Society. M.
Jamin delivered an address over the grave, in which he stated that
Ruhmkorff died almost a poor man, because he had spent all his
earnings on behalf of science and in works of benevolence.—
Nature, December 27th, 1877.

VOL. VI 2K
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hrs. m

12 25

26 -

27 -

28 -

29 -

30

31
32

33
.34 -

35 -

36 -

37

38 °
39 -

ORIGINAL COMMUNICATIONS.

0.
15 -
30 -
45
0

30

45
0

15

70—
75—
40+
65 +
65 +

* 60+
0.
15 -
30 -
0-
30 -
0-
30
45 -
0.
15 -
30 -
* 56—-
* 57—
30 -
O.
0.
0.
15 -
30 -
45
O.
30 -
O.
15
45 -
0-
30 -
0-
0-
* 40—

30+
10+

21—

T1—

hrs. m.

12 39

40 -

41 -

42 -

43 -

44 -

45 -

46 *

47 -

48 *

49 -
50 -

30 -
45 -
0-
30 -
0-
30 -
0.
30
O.
30
45 -
O.
15
30 -
45 -
0-
15 -
30 -
45
0-
15
30 -
45 -
0-

15

0

0

18—

c 41—
30 -
45 -

65—
65—

* 65—
30 -
0-

65—
58—

* 56—
30 -
0
30 -
. 0.
-0

65—

* 30—

28—
36—

50—
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hrs. m. s, hrs. m. s

12 54- 0-50— 1 15 0-30+
55+ 0-54— 16+ 0 31—
56 0 17+ 0- 28—
57 0- 18- 0- 27—
58° 0°40+ 19 0° 1—
59 0-42— 20 0-12+

1 0 0°53— 21 0 10—
1- 0 5+ 22+ 0-32—
2 0-14+ 23 0 4+
3° 0214 24 0°35+
4 013+ 26+ 0°37+
5 025+ 26- 0 5+
6 0 7+ 27 0+ 8—
7 0'12— 28 0-42+
8- 0-15+ 29: 0-37+
9 027+ 30 040+
10- 0-15+ 31 0-11—
11 0-12— 32 0°-23+
12 0 29— 33 0°15—
13 0+ 3— 34° 0°32—
14 0 28— 35 0 24

The Boston circuit on the same railway was affected in a similar
manner. There were no other wires working on this line at the
time the readings were taken.

I would suggest that these currents were produced in the North
Sea by the varying temperature and pressure of the air, and,
flowing in a direction at right angles to the magnetic meridian,
met the earth-plate of the Girimsby circuit, and so reached London;
the soil round Grimsby, being marshy and damp, would form a
better conductor than is usually found on the coast, and hence the
incessant variations.

All wires were very much disturbed on the day in question up
to 3 p.m., when they became much steadier.

At 4 p.m. I found all wires from the Eastern Counties were giving
off minus currents, and on trying the wires on the South Western
Railway could get no currents on wires between London and
Exeter, but those which extended beyond Wxeler s\ gave X
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528 ABSTRACTS AND EXTRACTS.

balance is disturbed; further, that it is perfectly immaterial
whether the same or opposite poles of the signalling-batteries are
put to earth. For reasons already explained, I prefer to use the
negative poles of the signalling-batteries to earth in both stations ;
and this alternative we will suppose is adopted.
Thus we have
p =A'm — B,
P=-—@m+8BY)
Q=QA"—Q ) — (B + ¥)n.
If we now substitute for A’, B’y &', 38’ their values, we get

r=E A
r= N’
P=- Eﬂ%rﬂ?x
and @=-E0A Dy 1 T,

the sign of p’ being contained in A’, and where
=fW+d+ad+k+)+ @ +d)Na + ¥ +¢),
N” =fll(b// +d/l + a// + h//+ ‘4/,) +(bl/+d//)(all+ hl/ + cll),
L
l“’ - i + l/ + Pr’
A=0+d)m—(+k+c )W,
LA ’ . f, . /
MER Sty YeEpt
Thus the general expressions for the two functions D and S are
pl E/ N’[ Al

ST T NI I L gt )
PEUN@G +d") W for station I.,

’ ’ EI ’
S = p = F’A )
and
D —}:)P/ — E”. N”(I)N','l' dl) A”;';/’}
K for station II.
. s
S = p = N”A ]









GENERAL THEORY OF DUPLEX TELEGRAPHY. 631

as b must consist of convolutions to produce magnetism, and d
must be variable to produce balance.

This solution f= b + d = + 8= 0, or even each of these three
“branches of an only exceedingly small resistance, must therefore be
rejected.

(b) Adjustment of balance by moving the.coils or armatures.

This, it will be clear, is the solution for immediate balance ; for
such a mode of adjustment would involve no relation between the
resistance of the three branches, leaving their determination free
for other purposes. In order that the slightest movement of the
two coils or their armatures may produce the required balance it
will be best to move both the coils or armatures simultaneously in
the same direction. In fact, to be able to produce balance, no
matter how great the variation in the resistance of the line may
become, it will be necessary to make the coils movable for the
changes of seasons, and the armatures for the daily changes.

It is clear that the differential method, when balance is adjusted
by the movement of the coils or armatures, can alone be compared
in efficiency with the double balance; and the superiority of the
latter is most striking. While immediate balance and the fulfil-
ment of the other two essential conditions can be obtained with the
double balance method within any given range by a variation of
the resistance in one single branch (& branch), this same result
with the differential method can only be arrived at by either sup-
posing four branches simultaneously variable, or by supposing the
coils and armatures movable — both presupposing complicated
mechanical arrangements requiring delicate workmanship and
being liable to get out of order.

Rapid approximation of the two functions D and S towards zero.

Supposing the fulfilment of the key-equation as one of the most
essential conditions, we know that

p = 8 for each station invariably.
Now for station I. we have
Ry
2M2
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In the second part it has been proved quite generally that 6 de-
creases permanently with increasing p’ and p”, no matter to what
special cause the variation of ¢ is due, whence again it follows that
p should be a maximum.

From the form of p, however, we see that for any given sum
b+ f+ d, p becomes largest if

f=b+4d,
which is ¢ the reqularity condition” of the differential method.

To have 8, therefore, for any variation as small as possible, we
must make f=05+d. Substituting this value of f, we get an ex-
pression for S which shows that it has an absolute maximum for b,
but no minimum, from which we conclude that 4 should be made
either very much smaller or very much larger than the value which
corresponds to a maximum of S; but no fixed relation between b
and d or a can be found. .

In order to prove that b+ d=f is the solution, we must show
how that it also makes D as small as possible.

But as
S

D=p
we have only to show that the regularity condition b + d =f makes
P either as large as possible, or, which would be still better, a
maximum,

Now "= A” '\,
where A" is the current which enters the line at point 2 (fig. 2)
when station II. is sending alone, while u’ is the factor which
determines the loss through leakage of the line, and A’ is the factor
to which the magnetic force exerted by the current A" u' in sta-
tion I is proportional. '

u' and ' are functions of the resistances in station I. only,* but
not of those in station IL

Now, for constant values of ' and A’ (i.e. leaving everything in
station I. constant), P’ becomes larger the larger A" is.

gl

N”‘— .

» ’
i

N NS
P—i+l’+[)” - f+ ’ (l' .
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or their armatures ; and the further solution of the problem is only
required when this mode of adjustment is adopted.

Mazimum Magnetic Momerdt.

It has now been proved that d is to be made zero, in order to be
able to fulfil the conditions of regularity and mazimum current
simultaneously, and that therefore, to obtain immediate balance,
readjustment of balance is to be effected by a movement of the two
coils a and b or their armatures, and not, as has been generally
proposed, by an alteration of the resistance in the branches (a + A
and b + d). N

Hence % appearing in the denominator of P only, and % > O not
being any more required for adjusting balance, the best value we
can give to & is

h=o0,
which will make P obviously largest.*
Substituting therefore in the expression for P

h=d=0,
=w+ B=10,
we get B
P’=2(a”+—c”)+b”“x for station I.
and

P E ; w” N for station II.

=@ Y
These two expressions do not as yet contain the balance-con-

ditions.

,‘l/

The factors and é(atl- W‘F—y

K
2(0” + C”) + b’l

are identical, namely
’ “Il

w = =1
@+ +0 2 +)+86 Q°

* The resistances d and %, withont exerting magnetic force, were originally intro-
duced in order to investigate the possibility of adjusting balance by an alteration of
the resistances in the branches. But, since it has been shown that this mode of
adjustment is to be rejected, it is of course clear that the dead resistances in these
branches should be made zero, when P will become largest,
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Substituting this value of a in the last expressiecn for P, we get

p=Yy 1
4" VoL +b

Whence it follows that P becomes largest for b = 0; otherwise
b remains indeterminate. ¢, on the other hapd, should be made
as large as possible.

If we now put v = -, and develope its value from the balance-

q

v="= L o/ B
q 2 2L+ b

The solution of the first problem of the differential method,
when the line is perfect in insulation, is therefore

equation, we get

h=d=0,
f=b=w+4 ’
a= :-[-‘-+b

2 Ty
1 '\/ b
V== .
2 2L+

The absolute value of b is left indeterminate®, and we only
know that the smaller it can be made the better.

But to fulfil this best condition f=b = w 4+ 8 = 0 represents a
physical impossibility, since neither 8, the internal resistance of
constant galvanic cells, can be made zero, not even approximately,
nor b, which must have convolutions in order to act magnetically.

The larger f= b = w + 8 becomes, for practical reasons, the
more the differential method, even under the best quantitative
arrangements as given above, will become inefficient as compared

with the double balance.
Now by inference we get for a line with leakage, ie. i < «,

* Practically, however, it may be said that & is given; for generally g, the
internal resistance of the signalling-battery, is determined by the nature and
number of galvanic cells required for duplex working. We must only remember
that & should be made somewhat larger than g, in order to have an adjustable resist-
ance 7 in the battery branch, which may be used for compensating any variation
of the battery-resistance, that the equation f="%=1w-+ 8 may be permanently
fulfilled.
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APPENDIX.

(Extracted from the Journal of the Telegraph.)
Providence, R. L., Nov. 28.

In the Journal of November 1st you invite me to describe the
conditions under which the tclephonic concerts performed in New
York, for the benefit of audiences in Saratoga, Troy, and Albany,
were overheard in Providence. The circumstances were these.
During five evenings in the latter part of August and first part of
September performers stationed in the Western Union building in
New York sang .or played into an Edison Musical Telephone,
actunated by a powerful battery, and connected with one or other of
the cities above-named by a No. 8-gauge wire, with return through
the ground.

In Providence, on the evening of the first of these concerts
(August 28th), Henry W. Vaughan, State Assayer, and the writer,
were conversing through Bell telephones over a shunt made by
grounding one of the American District Telegraph wires in two
places, about a quarter of a mile apart, through suitable resistance
coils. At about half-past eight o’clock we were surprised by hear-
ing singing on the line, at first faint, but afterwards becoming
distinet and clear. At the same moment, apparently, Clarence
Rathbone, talking with a friend through Bell telephones over a
private line in Albany, was interrupted by the same sounds. After-
wards, during that and subsequent concert evenings, various airs
were heard, sung by a tenor or soprano voice, or played on the
cornet. The origin of these concerts remained a mystery for somre
time in Providence, and the lines were watched for music many
evenings. The programmes heard proved to be precisely those of
the Edison concerts performed in New York, the tenor singers
being Signor Tagliapietro and D. W. McAneeny (baritone), and
the soprano singer Madame Belle Cole.
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