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———

INTRODUCTORY.

CanpipaTes for the vocation of telegraph clerks should be
capable of writing a free and distinet hand, of spelling cor-
rectly, and, as correspondence will form a portion of their
duties, of adapting their communications to grammatical for-
mule ; a slight acquaintance with arithmetic is also essential.
Higher attainments than these are not actually indispensable
to the ordinary clerk, although they may realise to their pos-
sessor advantages which the less accomplished would scarcely
have reason to expect or hope for. An ‘‘instrument clerk ”
may be quite competent to telegraph or receive a dispatch in
a foreign language, and yet not understand a single word of
it ; but, as the Continent and many other parts of the globe
are intersected by the telegraph, clerks and other officials
must of necessity be located in foreign countries, and to those
who are privileged with such stations, the qualifications of a
linguist will form.an important element in moulding the even-
tualities of their career. That foreign situations are generally
more lucrative than appointments in this country, is an
admitted fact, and when they are at disposal, it is obvious to
whom fhe preference would be accorded, unless favouritism
or interest interpose; and such contingencies as those can
scarcely be expected in the Postal Telegraph Office service.
Besides, there are foreign departments, attached to which
are numerous employés, in the chief offices, to which clerks
who are conversant with the language of other countries may
be drafted.

Although allusion has been imade to the favourable cir-
cumstances under which the accomplished scholar identifies
himself with the telegraph service, it must not be construed
that the official who is destitute of such acquirements should

B
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consider his position to be stationary, as, on the contrary,
his course may be a progressive one. Constant practice
enables him to signal, 7. ¢. to send and receive messages, and
to write with celerity ; and if he applies himself to his duties
as assiduously as is expected of him, and determines upon
becoming acquainted with the why and the wherefore, he
may not only render himself a proficient instrument clerk,
correspondent, and accountant, but also attain to a thorough
knowledge of the principles of electricity, which operates so
surprisingly, and with such exquisite accuracy, in exchanging
thoughts, although conceived in different climes and hundreds
of miles apart, with the rapidity of lightning,* hence annihi-
lating distance and concentrating time, conveying tidings of
the movements of an army, the rise and fall of dynasties, or
the desires of a peasant, with like facility and marvellous
speed. If the acquisition of a knowledge of the mysteries of
this wonderfal agent be the elerk’s ambition and aim, oppor-
tunity will aid the will in demonstration of the fact that the
zenith of his aspirations is within his flight, and perhaps
aseist in distinguishing him as an illustration of the truthful-
ness of the poet’s sentiments—
¢ There is a tide in the affairs of men,
‘Which, taken at the flood, leads on to fortune.” )

In the telegraph management there is a feature that is
especially commendable. We allude to the selicitude for the
development of the mental faculties, as evinced by the estab-
lishment of a free library of good, useful, and entertaining
works, treating on all subjects, which are at the disposal of
the clerk, who has generally an abundance of time to devote
to the mind’s culture. The means, therefore, of enriching
himself in knowledge are within his reach, a literary repast is
spread, and he is invited to partake of it. The various grades

* Professor Gould found the velocity of the electric wave in the
Atlantic cable to be between 7,000 and 8,000 miles per second, differ-
.ing somewhat when the circuit was composed of the two cables, and
when the earth formed a part of the circuit. Telegraph wires placed
in the air on poles conduct the electric wave with about double the
above velocity, and the curious fact has been discovered that the
rapidity of transmission increases with the distance of the wire from
the earth. Wires buried in the ground transmit as slowly as the sub-
marine cables ; wires on short poles with a velocity of some 12,00
miles per second, and those on long poles at the rate of 16,000 to
20,000 miles per second. :
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in the correspondence department, and the higher positions in
the engineering department, shine forth in the prospective as
stimulants to exertion, as rewards to diligence, perseverance,
and adherence to the regulations laid down for his guidance.

“The juvenility of many of the clerks denotes a freshness to
business—a recent withdrawal from school to take part in the
uctive concerns of life : youths of fourteen are deemed eligible
for the post, and sharp, intelligent lads sometimes enter the
service even at an earlier age, and the employment seems to
congenial totheir taste, that, unlike other tasks, it is viewed
by them with theé pleasurable emotion of an agreeable pastime ;
nor does this feeling abate, it grows with their age, and, as
a consequence, they frequently out-distance those whose in-
duction dates at a later period of life, and hence earn for
themselves the reputation of first-class readers. Some of
these clerks, with whom the author is acquainted, have been
known to receive two hundred and forty words, on the double
instrument, within three minutes.*

Female clerks are also compriged in the telegraph staff,
and they certainly manifest an adaptability for the calling.
They are daily holding converse with the remote, by the
¢ wonder-working wire,”” which

¢ Marks how bold Invention’s flight
Makes the widest realms unite ; ”

and their cheerful demeanour stamps it as a delightful occu-
pation—one, too, which inspires them with a lofty idea of the
part they play; and the confident air assumed by the more
expert, when influencing the rapid transition of the needles,
expresses as explicitly as looks or mien can do—

“ Speak the word, and think the thought,
Quick ’tis as with lightning caught,
Over, under, lands or seas,

To the far Antipodes.

Now o’er cities thronged with men,
Forest now, or lonely glen;

Now where busy Commerce broods,
Now in wildest solitudes;

Now where Christian temples stand,
Now afar in pagan land.

* We are informed, as somewhat remarkable, that in 1849 eleven
dispatches were sent for the T¥mes, at the rate of nearly seventeen
words per minute ! 9

B
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!

Here again as soon as gone,
Making all the earth as one.
Moscow speaks at twelve o’clock,
London reads ere noon the shock,—
Seems it not a feat sublime ?
Intellect hath conquered Time!
Sing who will of Orphean lyre,
Our’s the wonder-working wire!”’

The spectator’s interest is naturally enlisted ; a train of
thought and reasoning ensues. The poor needlewoman found
an able advocatein Hood, and in the influential pens of other
writers ; benevolence pitied and relieved. The artificial flower-
makers have had their sympathizers; and doubtless others
of the gentler sex, who derive their subsistence from the toil
and labour of their own hands, have endured, and still ex-
perience, privations which are unknown, or known but to the
few besides. And why such distress in this land of wealth ?
why exists this cause for pity ? Contrast the two great
sections (male and female) of the population numerically
with each other; compare the vocations, innumerable and
various, which are assigned to the lesser with the few to the
greater, and the cause is obvious. Open to women & wider
and more diversified field of operation ; accord to them a less
dependent position than that which they now occupy, and
we may augur well for the result.

The telegraph exhibits the perceptive and concentrative
" faculty of females to equal advantage with that of their
brethren of the guild; they eatch the movements of the
needle, and interpret them, with surprising avidity ; and the
suceess of the experiment. in employing them is suggestive
of the inference that it may be extended, until the telegraph
service becomes universally popular as an avocation for
women. Unfortunately, employment for this section of the
community is, as before observed, limited to few branches,
the engagement in most of which is viewed with repugnance
by many, who deem it detractive from caste, and degrading
to position ; hence, many a mind, many a hand, which might
contribute to the prosperity of themselves, a household, a
nation, is inactive, useless, and reliant upon the energies of
the sterner sex to a greater extent than is compatible with
the possession of self-reliant capabilities ; therefore the dis-
covery of a new source that is likely, in however small a
ratio, to inspire emulation, to arouse dormant energies, and
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to call latent intellect into life and action, must be a matter
of congratulation to the right thinking.

The employment of females, as telegraphic clerks, origi-
nated with the telegraph companies on the ground of
economy ; and the postal telegraph establishment, com-
bining that principle with other advantages, has considerably
enlarged upon the idea; indeed, the popularity of the scheme
with the postal telegraph authorities, may be inferred from
the fact that the number of female clerks, employed in the
district and branch offices in London, exceeds that of the
males by 50 per cent.; hence the total cost of the staff
therein employed, and which consists as under, viz :—

Female clerks 295 ) 492
Male do 197§ . “ " .
Messengers .. . .. .. .. 848

Total 1,340

does not exceed £35 16s. 9d. per head.

The remarks of Mr. Scudamore, which appear in his Report
to the Postmaster-Greneral, may be interesting to those who
advocate a more general employment in suitable vocations
for females. :

¢¢ Mr. Chetwynd,” he observes, ‘‘and I are of opinion that
at a future time, when we have had some further experience
of a female staff, and when circumstances will enable that
department to provide for she accommodation of a larger
number of female clerks, it will be well to entrust to them a
large part of the work of the telegraph account and tele-
graph message branches, and to effect a corresponding
reduction in the numbers of the male clerks.”

Adverting to the time of the transfer of the telegraphs to
the Government : ¢ The Electriic and United Kingdom Tele-
graph Companies had, in their chief offices in London, a
female staff for day and a male staff for night duty.”

In Liverpool a like arrangement was in operation in the
Electric Company’s establishment.

In Dublin, the Magnetic Company had a male, and the
Electric Company had a female staff; but the Postal Tele-
graph establishment, immediately upon coming into power,
commenced, and continue, to employ clerks of both sexes,
and the result has been gratifying to all concerned. It was
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considered a hazardous experiment, but Mr. Scudamore’s
assurance is, that he has never had cause to regret it. “I am,"”
says that gentleman, ‘¢ satisfied that, where large numbers of
persons are employed, with full work and fair supervision,
the admixture of the sexes involves no risk, but is, on the
contrary, highly beneficial. It raises the tone of the male
staff, by confining them, during many hours of the day, to
a decency of conversation and demeanour which is not
always to be found where men alone are employed; and
further, it is a matter of experience that the male clerks
are more willing to help the female clerks with their work
than to help each other; on many occasions pressure of
business is met, and difficulty overcome, through this wil-
lingness and cordial co-operation.”

The pay of female entrants is 8s. per week. Mr. Scuda-
more expresses an opinion that this might be deemed low ;
but their services are not of much value until they have
been employed for two or three months; besides which,
properly qualified probationers do not object to that rate of
pay. We have been informed of some of the advantages of
employing females, but the probability of the number of
female telegraphists preponderating is thus argued. ¢ The
good accountant, the good linguist, the good salesman, the
good mechanic, the good artisan, have many markets for
their wares, but the good telegraphist has, and will have,
but one market, and the effect of this will be that women, to
whom but few fields of labour-are open, will be more ready
" than men to qualify themselves as telegraphists.”

Females are not employed on night or Sunday duty in the
London postal telegraph offices.

The talented chief of the postal telegraph system, whose
largeness of heart and noble sentiment is exemplified in his
able and successful advocacy of female claims to legitimate
employment, has made allusion to a curious property of ths
telegraph, and recorded an incident in connection therewith,
of so extraordinary and interesting a nature as to seem to
justify our reproducing his statements for the mformatxon
and delectation of those whom they may concern.

‘“When two offices are in direct telegraphic communica-
tion, the clerks in both of them are practically in one office.
The whole world is the country of the telegraphist. Sitting
at one end of & wire, no matter what its length, he converses

1



HANDBOOK OF THE TELEGRAFH. 7

as easily with the clerk at the other end as if he were in the
same room with him. Strange as it may seem, he knows,
by the way in which the clerk at the other end of the wire
does his work, whether he is passionate or sulky, cheexful
or dull, sanguine or phlegmatic, ill-natured or good-natured
He soon forms an acquaintance with him, chats with him in
the intervals of work, and becomes as much his companion
as if he were working face to face.

It is a fact, that a clerk in London, who was engaged on
& wire to Berlin, formed an acquaintance with, and an at-
tachment for a female clerk, who worked on the same wire
in Berlin, that he made a proposal of marriage to her, and
she accepted him without having seen him. They were
married, and the marriage which resulted from their electric
affinities is supposed to have turned out as well as those in
which the senses are more apparently concerned.”

Applications for clerkships and for admission into the
service should be made to the Postmaster of the district,
and the prospect of their favourable reception is enhanced
by their being accompanied by testimonials emanating
from the last employer of the candidate, or (if he has
not had a previous engagement) from the head of the
establishment in which he was educated, and from one or
two other respectable parties to whom he is known. He
is then supplied with a printed sheet, similar to the IForm
of Application below, comprising & series of interrogations,
which must be replied to in the order in which they occur.

: FORM OF APPLICATION.
Christian and Surname of Candidate.
Residence.

Age last birthday.

Nature of last Employment.
Address of last Employer.

Reason for leaving last Employment.
Salary received.

Salary now expected.

Names andeddmsses

of
Referees.
Signature of Candidate.
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The other side of the sheet is headed ‘¢ Exercises from Dic--
tation.” Underneath this he is supposed to write as the
clerk in charge of the station in the town he may be a
resident of, or other appointed person, may dictate; but
“more generally he has to transcribe a paragraph from a
newspaper or book, as, for example :—

“ We are told that woman’s mission is a domestic one, that her cha-
racter and position do not admit of her taking a part in the decision of
public questions; that politics are beyond her sphere. But this raises
the question—Who shall say what her sphereis? Amongst the Pawnees
and Sioux it is that of a beast of burden ; she hasto carry the baggage,
to drag home fuel from the woods, and to do everything that is menial
and laborious. In slave countries it is within woman’s sphere to work
side by side with-man, under the lash of the tagk-master. Clerkships,
cashierships, and other responsible business situations are comprised in
her sphere in modern France; whilst, on the other hand, the sphere of
the Turkish or Egyptian lady extends scarcely an inch beyond the walls
of the harem.”

Or—
: ¢ Hark ! the warning needles click,
Hither, thither—clear and quick, .,
Swiftly swinging to and fro,
Tidings from afar they show.
. While the patient watcher reads,
As the rapid movement leads,
He who guides their speaking play
Stands a thousand miles away.
Eloquent though all unheard,
Swiftly speeds the secret word ;
Light or dark, or foul or fair,
Still a message prompt to bear.”
Or— :
: “Bo it falls out
That what we have, we prize not to the worth
‘While we enjoy it; but being lack’d and lost,
‘Why then we reck the value ; then we find
The virtue that possession would not show us
‘While it was ours.” :

In addition to this, the candidate may probably have to
undergo a colloquial examination in orthography and geo-
graphy, which is generally conducted by the Postmaster of
the district, or clerk in charge of the office of his locale. If
it be deemed and reported upon by the examining party as
satisfactory, he commences his instructions forthwith, and
remains on probation for a stated period. If at the expi-
ration of that time he be capable of sending and receiving a
stated number of words per minute, he is finally installed as
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clerk. Mr. Scudamore observes that, if a clerk be of any
value, he should be capable of receiving twenty to twenty-
five words per minute. A male or female with a good and
accurate sight, a steady hand, and average intelligence, may
learn to work the single needle instrument fairly well in
from eight to ten weeks, and become thoroughly proficient
in four months.
Security.

Security or guarantee of fidelity and trust has not to be
given to the Postmaster by clerks whose duties are restricted
to the working of telegraphic instruments, but in the event of
money passing through their hands, for which the Postmaster
is accountable, the regulations in respect of Post Office
counter clerks will be made to apply.

Messengers may be appointed by the Postmaster. As good
conduct entitles the messenger to promotion to the rank of
junior clerk, they may have to submit to a similar examination
to that of the clerk, and to supply answers, &c., as Jemanded
in the foregoing form of application. Each of the officials is,
upon the occasion of undertaking office, furnished with a
book containing certain instructions for his guidance in the
receipt, delivery, and transmission of messages, &c.

Secrecy.

The most scrupulous secrecy must be observed in regard
to all telegrams. The Postmaster-General directs that no
information whatever be given, except with the authority of
the secretary, as to the contents of any message which may
have passed through any postal telegraph office, and he
desires that any and every applicant for such information,
even though he be the sender or the addressee of the message
in question, may be referred to the Secretary of the General
Post Office for such answer to his application as under the
circumstances it may be right to give.

It is not difficult to conceive the object of imposing con-
ditions ef secrecy ; the disclosure of a telegram might en-
danger the position and solvency, and ruin for ever the
prospects of the parties whom it concerns. It might defeat
the ends of justice, frustrate projects of utility, and operate
otherwise perniciously on the individual and the nation. The
necessity of keeping faith with3 the public is therefore of

B .
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moment. The Post Oftice authorities are thus impressed ;
hence Acts of Parliament authorise the infliction of imprison-
ment on those of the staff who improperly reveal a message.
So desirous are they of preserving the inviolability of secrets
entrusted to them, that even their clerks, when not on duty,
are prohibited from entering the instrument room, and are
enjoined not to hold communication with the public when on
duty, save as respects the telegrams having reference to them.
Forfeiture of confidence and their situation, and fine also,
attend the discovery of the revelation of a communication to
a fellow-servant. Like penalties also await the offender who
permits any other than those who are deputed by the secre-
tary to examine dispatches or registers, unless it be in the
discharge of his duty. There are other irregularities which
might be productive of mischievous, indeed, in some cases,
ruinous results; and the Postmaster-General is necessarily
obliged to employ measures to deter the commission of them.
Instances of carelessness, insubordination, &ec., are visited
by salutary punishment.

Punishment is certainly not a pleasing theme to dilate
upon, nor is it by any means calculated to attract votaries to
any standard ; still, no matter what name it assumes, it is
recognised in every establishment as a stern necessity, one
which the evil only, not the good, have cause to fear; and
nowhere more than in the telegraph office does a divergence
from the path of duty justify its institution, although it must
‘be conceded that its opposite often proves a more powerful
instrument towards accomplishing similar results. In every
phase of life, in the commercial and mercantile world, the
trading emporium, the office, and concerns in general, public
and otherwise, the basis of usage affecting the employé
enunciates a conformity of the views of the employer with
this principle—pecuniary advantage and improved position
are made a consideration ; and thus it is with the telegraph
service—certain and sometimes speedy promotion recompense
the energies of the disciplinarian ; the messenger ascends the
official incline, he becomes a clerk ; the clerk glides on, step
by step, from grade to grade, and

“ Hope is swallowed in the vast reward.”

We will not hazard an opinion as to the consistency of
public companies in respect to their officers,—we will not
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pretend to divine as to whether it be reconcilable with their
couscience or otherwise, to advocate the poet's sentiments—

¢ Let none presume
To wear an undeserved dignity.
Oh, that estates, degrees, a.nd oﬂicea
‘Were not derived corruptly ! that clear honours
‘Were purchased by the merit of the wearer!
How many then should cover that stand bare !
How many be commanded that command ! "’

‘Whether such lofty ideas actuate in the disposition of pre-,
ferments is not our province to investigate ; but it must be
observed that whatever be the effect, the governing bodies
encourage the operation of effectual means for the discovery
of superior talent. Unlike many who are engaged in official
capacity, the telegraph clerk is occasionally subjected to a
test of skill. In the case of a Queen’s speech, a govern-
ment proclamation, or a foreign message of importance, a
premium is generally awarded to the sender and receiver who
accomplishes the task within the least space of time ; & pre-
eminence is thus assigned tothem, and their abilities are pro-
minently brought under the cognisanceof the properauthority.

Holidays are granted annually to the postal telegraph
officials, the term of leave being generally in accordance
with the position of the official. For example :—To super-
intending officers, one calendar month ; to telegraph clerks
who are not superintending officers, but who are liable for
night and Sunday duty, three weeks; to female telegraph
clerks, and those male clerks who are exempt from night
and Sunday duty—also messengers, two weeks.

Like other Government offices the postal telegraph clerk
has in perspective the reward of fidelity. As duty calls
forth his energies, as he devotes the vigour of life to the
incumbencies of office, it is with the consolatory knowledge
that in his declining years he may legitimately demand a
pension, and release from the cares and responsibilities of
business pursuits.

When, in 1870, the telegraphs became the property
of the Government, the greater number of the telegraph
companies’ officers and clerks were drafted into the service
of the Postinaster-General, whilst others were placed
in the immediate receipt of a superannuation allowance,
the section of the Act relating thereto, providing that ¢ every
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officer and clerk of any telegraph company, the undertaking
of which was purchased by the Government,” who has not
been less than five years in the service of telegraph com-
panies, and in the receipt of a yearly salary, or who has not
been less than seven years in the service of telegraph com-
panies, and is in receipt of a remuneration at a rate of not
less than £50 per annum, shall, if he receives no offer of an
appointment by the Postmaster-General in the telegraphie
department of equal value to the appointment held by him
under any company, receive during his life from the Post-
master-General, by way of compensation for the loss of his
office from the time at which the Government takes posses-
sion of the company’s telegraph, an annuity, payable half-
yearly, equal, if he shall have been in the service of the
telegraph companies twenty years, to two-thirds of the annual
emolument derived by him from his office ; and with respect
to any such person who has been in such service less than
twenty years, the said annuity shall be diminished at the
rate of one-twentieth for every year less than twenty years
during which he has been in such service.  Such officers and
clerks as enter into the service of the Postmaster-General,
shall be entitled to count their past years of continuous
service with the telegraph companies as years passed in the
civil service of the Crown ; and all such officers and clerks
upon their appointment, shall be deemed to be, to all intents
and purposes, officers and clerks in the permanent civil
service of the Crown, and shall be entifled to the same, but
no other privileges. '

‘When the Post Office authorities determine on the transfer
of a clerk to another station, he must comply, unless there
are peculiar reasons for his continuing where he may then
be. Such removals are of course unattended with expense
to the clerk.

Clerks are supposed to devote the whole of their time to
the service ; or, in other words, they must not during their
term of office engage in any other vocation.

Many of the railway companies have in operation over their
lines telegraphs of their own, or wires which are worked by
their own servants, generally lads, who are under the super-
vision of the station superintendents. Their appointment is
generally vested in the railway company’s telegraph super-
intendent, subject, however, in most cases, to the approval of
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the board of railway directors. The duties of these clerks are
confined to the telegraphing the times of arrival and departure
of trains, and the transmission of messages on railway business
only. The course of examination consists of reading and
spelling. After passing that ordeal they commence their
instructions upon the instrument; and when they are com-
petent fo send and receive a message their pay begins,
generally at about seven shillings per week, which is subject
to an advance until it reaches its maximum, when, if their
conduct warrants it, and they should have profited.by the
spare time and opportunities that present themselves in
qualifying themselves for the post of booking or goods clerk,
the recommendation of their superintendent will be conducive
to their appointment as such.

The denomination of officials in the postal telegraph
offices includes messengers, counter clerks, instrument clerks,
inspectors, superintendents, and engineers, on whom devolves
the supervision of the engineering department in the district.

At minor offices the duties of the counter and instrument
are combined.

The commencing pay of the clerk varies from eight
shillings in the case of females, and twelve shillings and
upwards in the case of males per week.

Schools of Telegraphy.

Connected with the Postal Telegraph Establishment, a
London School of Telegraphy was instituted in Cannon
Street in May, 1870, between which date and May, 1872,
it was attended by 1,011 learners—648 of these were females
and 863 were males. 504 of the females and 270 males at-
tained to a proficiency which enabled them to obtain em-
ployment as instrument clerks in postal telegraph offices;
61 females and 85 males were at the latter date undergoing
tuition, 48 females and 41 males retired from the school, and
40 females and 17 .males, only, failed to pass the necessary
examination. The following Report of the school superin-
tendent will explain the primary cause of the unsuccessful
pupils not satisfactorily acquitting themselves at their exami-
nation. ¢ Failure,” he observes, ¢ is far oftener due to
educational unfitness than to want of dexterity in operation.

"It is rare that we send away a person of good educational
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attainments. I should perhaps say it is rare we ever have
to do so, for mental deficiency is generally at the bottom
of telegraphic inaptitude. Unquestionably the failures would
be fewer if the average educational attainments of the pupils
were higher.” The conduct of the school for males devolves
upon a superintendent, who is assisted by a deputy and in-
structor. The matron in charge of the school for females is
assisted by a deputy and three instructresses. The schools
are fitted up with telegraphic instruments, which are so dis-
posed that those in communication with each other are
situated in opposite parts of the room, and the learners are
taught to forward, receive, and write out messages which
are prepared for the purpose, and, in fact, both in regard to
signalling and conforming to regulations, are made practically
conversant with the actual business of a telegraph office.
The limit of age at which persons are admitted into the
school is between 14 and 18 years, a preference being ac-
corded to ages varying between 15 and 17 years. Candi-
dates for admission into the school are required to give proof
of their educational attainments by—

‘Writing from dictation.

. Copying a statistical table, and demonstrating their
knowledge of the geography of the United Kingdom,
and their knowledge of the four fundamental rules of arith-
metic.

Examinations are held every fortnight, and admission
thereupon made into the school in the ratio of 8 males to 12
females.

A probationary examination of the pupils takes place at the
expiration of one month after the date of joining the school.

Candidates for the school have to undergo a medical
examination, the prineipal object thereof being to guard
against defective vision and hearing.

A school of telegraphy for males is also attached to the
Dublin General Post Office.

Depots of instruction are likewise organized at the posts
named below :—

A mmogted.

CCO!

North Wales District—
Birmingham.. .. .. .. .. .. .. . .. .. 12
Chester .. .. .. .. v v i e ee e e. 4
Shrewsbury .. .. .. .. i vh ee e ee .. 4
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Learners
Accommodated.

South Wales District—

Cardiff .. .. .. .. 10

Gloucester .. . e e e 8

Newport .. .. .. .. .. 8

Swansea Coee e ee e ee e 4

Hereford .. .. .. .. .. .. . 5
‘Western District—

Exeter .. .. .. .. .. .. .. 8

Plymouth e 8
Southern District—

Portsmouth .. .. .. .. .. 3

Southampton .. .. .. .. 12
South-eastern District—

Brighton .. .. .. .. .. .. .0 o0 .0 e 4

Ashford e

Maidstone .. S

Tunbridge Wells 3

Dover .. 3
Eastern District—

Norwich . [ (1}

North Midland sttnct——
Derby .. .. . S {
Hull O -
North District—
Lancaster .. .. .. .0 sv ve ee ae ee 6. 4

York .. P {1}
North-western District—

Leeds o0 <0 v o0 o0 e e e e . L 10

Preston . S )

South Midland Dmtnct—
Bedford e Cee e e e e e e 2
Coventry .. .. .. . .. v ee e e .. 2
Leamington.. .. .. .. .. . . . .0 .0 2
Northampton .. .. .. .. .. .. .. .. .. 4
Oxford .. .. .. .. .. . .. oo .o . .. 4
Worcester .. .. .. .. 4e vh e e e .. 3
Bristol .. .. .. .. .. o0 a0 o e oo el .. 24
Edinburgh .. .. .. .. .. .. .. .. .. .. .. 3
Glasgow .. .. .. o av ch e ee we ... 10
Liverpool .. .. .. .. .. o v ee ae e 12
Manchester .. .. ".. .. cv ee ae e we .. .. b0

In the provinces, where a learner can in one minute send
fifteen and receive ten words on the Sounder or the single
needle instruments, or send ten and receive fifteen words on
the printing instruments, he is eligible for admission into
the instrament room—if there are vacancies—the wages
being at the rate of five shillings per week ; and there, whilst
perfecting his qualifications as a manipulator, he is engaged
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in such employment as will make him conversant with the
duties which devolve upon a fully qualified clerk.

The Messenger.

This official’s stipend is regulated by circumstances, the
minimum amount per week being five shillings. In some
cases he is paid by fixed wages, and in others at a
certain rate per message. His duties are, to deliver mes-
sages to within the radius of a mile free of charge, and be-
yond that distance at the following rates:—

- Not exceeding 1 mile .
1, and not exceeding 2 miles ..
3 .

2’ ” ”

-
moON

When circumstances render necessary the employment of a
fly, cab, or other conveyance to expedite delivery, these charges
are duplicated. These receipts are not, of course, applied by
him, but handed over to the recognised officer. He has an
opportunity, and is indeed enjoined, to make himself
acquainted with the telegraph; and when he is deemed
competent, is promoted to the rank of junior clerk, and has
equal chances of advancement with those who commenced
in the latter capacity. The ages of the messengers vary
from ten years upwards. When the messenger is remunerated
by a rate per message he will receive with each message a
numbered messenger’s ticket. Employment is afforded to
5,440 telegraph messengers in the United Kingdom. Of
these, upwards of 970 in London and 2,010 in the provinces
are supplied with uniform.

Messenger’s Ticket.
POST OFFICE TELEGRAPHS.

No. of Message
No. of Messenger

Date » 187
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The Clearing House.

In this branch of the Postal Telegraph system (the
officials connected with which are exclusively females) are -
examined, at least one day’'s telegrams, in every month of
each postal and railway office in the United Kingdom, the
object being to discover indistinct writing, inaccuracies,
delays in transmission and delivery, as well as other
instances of neglect of rules, in order that remedial measures
may be had recourse to.

The Counter Clerk.

The duty of the counter clerk is to receive messages or
telegrams from the publie, and to transfer them to the instru-
ment clerk for transmission. The charges have to be com-
puted and payment obtained by him, he accounting to his
Postmaster for all moneys he may receive on behalf of the
Postmaster-General. He has also to enclose the received
telegrams in properly addressed envelopes, and to see to
their despatch by the messenger.

Instrument Clerks,

As the name implies, have to attend to the instrument for
the purpose of transmitting and receiving messages. Instru-
ment clerks are not allowed to leave the instrument room
unless sanction for doing so be first obtained from their
superior officer.

As an incentive to the clerk to make himself conversant
with the principles of electricity and the construction of
telegraphic instruments, and, in fact, to become an efficient
telegraph engineer as well as a manipulator, the sum of
£2,000 is divided annually in gratuities amongst those who
are capable of passing the necessary examination to entitle
them to rank in the higher grades of clerks, respectively
distinguished as Class A and Class B. A clerk in passing
the examination of Class A, has awarded to him a& sum
amounting to £2 10s. 0d. To be eligible to submit to an
examination in Class B the candidate is expected to be also
competent to grade in the former ; and in passing his exami-
nation in Class B, the sum of £5 is awarded bim. These
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examinations take place half- -yearly, namely, in June and
December. The examination in

Class A consists in being capable of joining up and placing
in circuit the telegraph instruments in wuse, with the
exception of the Hughes, the Wheatstone, and the Trans-
lator ; of comprehending the connections of, and the ability
to trace the course of, the current through the instrument ;
of being capable to adjust the instruments aforenamed; to
ascribe whether a fault is in the instrument or in the line;
and to remedy all ordinary faults in the instrument ; and the
candidate must also demonstrate a knowledge of the con-
struction of the batteries, and a capability of testing,
charging, and refreshing them.

Class B. To obtain the gratuity in this class, the clerk
must be able to “localise” a fault on the line, or to find
between which of the testing points it lies; to use the
“Tangent Galvanometer,” the ¢ Wheatstone Balance,” and
the ¢ Differential,” for ascertaining the resistance and
insulation of a circuit; to pass an examination in writing
on rudimentary electricity and magnetism, including the
laws of the current; to pass an examination on either
the ¢ Wheatstone,”” the ¢ Hughes,” or the ¢ Translator,” if
either of them are in use at their station.

Should any pupil in the school wish to qualify for
examination in Class A, they may do so, but they are not
eligible to be examined for a gratuity until they have been
six months in the school.

The examiners are, for London, the chief engineer ; and
for the provinces, the divisional engineers. Printed questions
and written answers will form part of the examination.

Postmaster, or Clerk tn Charge.

Among the duties devolving upon this officer are those
of enforcing discipline and a rigid adherence to regulations
from his subordinates ; to see that the various accounts are
duly rendered; to report periodically or otherwise, as cir-
cumstances demand on the requirements of his district, the
state of signals, and the means, if any, of more w1dely ex-
tending the business of the district. He is responsible for
his staff being in a state of efficiency, and for a due appro-
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priation of their duties. Included in the books which are
generally kept by him are—

The Diary, which is a record of the condition of signals,
interruptions, delays from inattention at correspondent stu-
tions, and other matters of moment.

The Complaint Book, which should contain reports made
by the public against members of his staff.

The General Order Book.—In this book are posted those
orders which are issued from time to time from the chief
office, and which have reference to his duties and the work-
ing of the line.

Scale.of Charges for Inland Telegrams.

Fo. a telegram s. d.
Not exceeding .. .. 20 words or 4 lines 10
21 words) 25 ’ 5 13
26, 30, 6 , 16
3L, 3B, 7 5 19
36 0 8 . 20
41 ®% 9 23
446 ,, 5 ,, 10 , 26
15(1i »” 4 86 i, the 29
5} » and not 60 -, 12, > ;<30
61 , foxceoling ) 65 . 13 . |cherseis{z g
66 70, 14 . 36
71, %, 156, 39
%, 80 , 16 ,° 40
81 ,, 8 17 , 43
86 2 18 ,, 46
91 95 ’” 19 ,, 49
9%, 100 20 ,, (5 0

And for every additional line of five words, or part of a
line, 8d.

The words in the names and addresses of senders and
receivers are telegraphed free of charge, and so are those in
the instructions as to the mode of delivery of the telegram,
provided such instructions can be signalled by code, as for
instance—

By boat .. .. l ]gg
Byecab .. .. .. : - whi .

Bg’v best means o 5 the codes for which are { 5 pr
To wait till cailed for \CF
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If there be no code that will represent the request, the in-
structions must be telegraphed literally, and the words
comprising them added to those of the message and charged
for accordingly.

The above rates afford a pleasing contrast to those in
force in 1850, as is apparent from the undermentioned scale
for twenty words, inclusive of name and address :—

London to— mx.les.'oem Ch:r‘gi?c
Birmingham .. .. .. ., 1112 ., .. .. .. 66
Hull,., .. .. .. .. .. 200 .. .. .. .. 96
Newcastle.. .. .. .. .. 300 . 100
Glasgow ... .. .. .. .. 420 100

)

In times of such high charges it is doubtful whether a
message was ever sent in duplicate, much less could such a
circumstance as that of which we have Mr. Scudamore’s
assurance be expected, that a man of business recently
handed in a message to be transmitted to 1,100 persons
who resided in a hundred different parts of the country—
the average price per thousand telegrams under the
existing tariff is £57 Ts. 94d.

The American scale of charges in 1850 were considerably
less than those of any other country. For instance—

Philadelphia istance in Charge.

to—p bi miles. s d.
‘Washington .. .. .. .. 30 . 06
Baltimore.. .. .. .. .. 99 .10
Pittsburg .. .. .. .. .. 321 . 1 8
Harrisburg .. .. .. .. 107 .. 010
New York .. .. .. .. 90 .10

Repeating, or Test of Accuracy.

If it be desired to ascertain whether the telegram has been
accurately transmitted, the sender or author of it may de-
mand of the forwarding clerk that it be signalled back-
wards from the receiving office, but prepayment of half
the amount originally paid will be required for such
extra service. If an error or omission be thus discovered,
the sender may claim that the amount of the latter charge
be refunded to him ; but if it be found that the message was

correctly sent, he will not be entitled to a return of any
portion of it.
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Prepayment for Replies.

The sender of a telegram may, if he desires it, prepay the
cost for a reply, and in such cases the same rate of charge as
for the forwarded message will apply. Supposing for instance,
that the original message contained 20 words, for which a
shilling would be charged—and it be expected that the reply
would consist of 20 or 25 words, the sum to be prepaid in
the former case would be 1s. and in the latter 1s. 8d.

If the reply be not returned within the time (not less than
two hours) which the sender of the forwarded message must
state when he makes prepayment for it, he may if he wishes
request the Postmaster to make inquiry by telegraph, whether
delivery of the telegram has been effected, and demand
that the amount paid in respect of the reply be refunded to
him ; but should the reply subsequently arrive, it must be
delivered to (and the charges obtained from) him.

Prepaid replies may be sent from any postal telegraph
office within two months from the date of the original
message.

Duplicate, Triplicate, or more Copies of Telegrams.

If the sender requires copies of his telegrafm to be delivered
to two or more firms or persons in the same free delivery,
he may have this done by payment of the ordinary charge
for the original message, and 8d. extra for each copy of it;
for instance, a person wishes to telegraph the same in-
formation to three persons in Covent Garden Market—he,
therefore, if the telegram consists of not more than 20 words,
pays 1s. for one of these copies, and 8d. each for the two
others.

Re-direction of Telegrams.

If through the removal of the addressee or any other
cause, the sender should require the original receiving office
to re-direct and telegraph the message to another place, he
will be required to pay for such extra service half the amount
of the original cost of the telegram.
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Half-rates on .Inl_and Telegrams.

In charging half-rates, a fraction of a penny is computed
as a penny ; thus the half of 1s. 8d. will be charged as 8d.,
and 11d. must be demanded as the half of 1s. 9d.; hence in
the case of the re-direction of a telegram,—

s d.

The first charge of the messagé of 25 words would be.. .. 1 3
And the extra cost in respect of the re-direction would be.. 0 8
Total charge 111

Unintelligible and Foreign Words.

Each syllable in an unintelligible or in a foreign word will
be charged for as one word.

Parentheses, Inverted Commas, Underlines, and Hyphens.

In charging for those words which are included in -
parentheses and inverted commas, as well as for those which
are underlined, two extra words must in each case be
reckoned ; but hyphens and combinations effected by them,
such as to-day, noon-day, to-morrow, equi-distant, alms-house,
country-house, well-known, half-penny, two-pence, three-
pence, &c., will be charged as one word each.

Naimes of Persons, Places, Professions, or Trades,

Consisting of combined words, such as Mac-Laren, De-la-
roche, Ashby-de-la-Zouch, Westbury-on-Severn, Saint Mar-
tin's-le-Grand, Liquorpond-street, Woollen-draper, Stock-
broker, Gold-smith, are charged for as single words.

Abbreviations.

The abbreviations a.M. and p.M. for forenoon and after
noon, and ‘contractions, such as can't, couldn’t, don't, are
charged for as single words. By having recourse to abbre-
viations error is risked, therefore it is recommended that
senders eschew them as much as possible, and the instru-
ment and copying clerks are strictly prohibited employing
them unless they occur in the telegram.
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Stamps.

By the Telegraph Act of 1868, it is enacted that payments
for the transmission of telegraphic messages from one place
to another in the United Kingdom, shall be made in all cases
by means of stamps, and the Postmaster-General shall cause
a proper supply of stamps and stamped paper to be prepared
for that purpose, and kept for sale to the public at such of
the offices under his control as he may think fit to appoint
for that purpose.

The ordinary postage stamps will be used for the prepay-
ment of telegrams, and may be obtained at the various post
offices, the respective values procurable being 5s., 2s., 1s.,
10d., 9d., 6d., 4d., 8d., 2d., 1d.

Stamps should also be affixed to the form in prepayment
of extra charges in respect of special delivery.

Economising the number of Stamps.

Although it is optional with the public to use any priced
stamps to constitute the aggregate charge of a telegram,
they are asked to economise the number as much as possible ;
for instance :

To affix a shilling stamp in preference to 12 penny, 6 twopenny, or
4 threepenny stamps.
A shilling and a threepenny stamp instead of 15 penny, or 6 three-
penny, stamps, and so on.

Stamped Forms.

Message forms bearing the distinctive mark A 1, impressed
with a shilling embossed stamp, may be obtained in single
copies at 1s. each, or in books containing 50 for £2 10s.

Unstamped Forms.

When unstamped forms are used, the requisite number of
stamps must be affixed to them; a supply of these, to be
used as required, may be obtained at any postal telegraph
office.
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Embossed Stamp Form, if defaced.

In the case of any of these forms being spoilt by the publie,
the value will on application be refunded to their possessor,
and the Receiver and Accountant-General will return to the
Postmaster fresh forms in lieu of those spoiled.

Prepayment of Telegrams

Is, as a general rule, required from the public, the following,
however, are the exceptions :—

Subsequent Payment of Telegrams.
PRIVATE WIRES.

Messages received by private wires at postal telegraph
offices for transmission, are subsequently paid for through
the chief office.” The transmitting clerk must affix to the
forwarded message form a printed label of this pattern :—

Private Wire

Message.

There were, in 1872, 885 renters of private wires, the
extent of such wires amounting to 4,811 miles, the receipts
for which, for that year, were £81,607.

Public Neus.

Credit is given to Newspaper proprietors, proprietors of
News-rooms, Clubs and Exchange Rooms, on making a
deposit of £25, provided the message has attached to it a
press pass, as per following pro forma :—
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Unless this pass be tendered with the message, prepayment
will be demanded ; the transmitting clerk will attach the pass to
the message to which it refers, and forward it to the chief office.

In illustration of the importance of the telegraph to the
newspaper press, it is stated that, on the occasion of the
discussion of the Scotch Education Bill, March 7, 1872,
upwards of 1,888 press telegrams, consisting of 111,166
words, were sent from the Central Telegraph Office ; and on
the 19th March, when Sir Charles Dilke's motnon was
before the House, 2,844 telegrams, consisting. of 98,033
words, were sent from the same office.

Charges for Newspaper Intelliyence Messages.

The Postmaster-General, with the consent of the Com-
missioners of Her Majesty’s Treasury, may make contracts
and arrangements with the proprietors or publishers of any
public registered newspaper, the proprietor or occupier of
any News-room, Club or Exchange Room; for the trans-
mission and delivery of telegraphic commnunications to a
single address, at the undermentioned rates :—

To Single Address For every ad-

or Copy. ditional Address
or Copy.
If transmitted between the hours of
6 p.m. and 9 a.m. .. per 100 words 1s. An extra 2d.
If transmitted between the ‘hours of
9 a.m. and 6 p.m. .. ey 16, 1ls. 2d.

The Postmaster-General may also with the like consent let
to any such proprietor, publisher or occupier, the special use
of a wire (during such period of 12 hours per diem, as may
be agreed on) for the purposes of such Newspaper, News-
room, Club or Exchange Room, at a rate not exceeding
£500 per annum, provided that no such proprietor, publisher,
or ocenpier, shall have undue priority or preference in re-
sgect of such rates over any other such proprietor, publisher,
or occupier.—(Extract from 31 '& 82 Vic., cap. 110). Speciai
wires are let for use during the night only to the proprietors
of nine newspapers, at £500 per annum each.

Railiway Companies’ Messages free of charge.

Messages of railway companies, over whose line the Post
master-General has acquired a way-leave, will be transmitted,
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if exclusively on the business of such company, to and
from any postal telegraph office in the United Kingdom free
of charge, conditionally, however, that a railway post office
telegraph pass be attached to such message, when it is
tendered for transmission. Such pass must accompany the
forwarded message form, when returned by the Postmaster
to the chief office: (see page 28).

‘The railway companies maintain for the Postmaster-
General, 48,000 miles of wire, for which they charge him at
the rate of £1 per mile per annum ; and the Postmaster-
General, in addition to maintaining a certain mileage of wire
for some of the railway companies, also maintajns 45,000
miles of wire for himself.

Deposit of Telegrams in Wall or Pillar Letter Bouwes.

Telegrams may be deposited in wall or pillar boxes, whence
they will be conveyed to the postal telegraph office without
extra charge, at the ordinary times of collection from such
boxes, and the time at which they reach the office will be
the recognised time of reception there. Telegrams so de-
posited should bear the necessary amount of stamps charge-
able for transmission and (if their destination be beyond the
free delivery limits) special delivery. If no stamps are
affixed, the message will be dealt with as an ordinary unpaid
letter.

When the value of the stamps which are affixed to the
form are insufficient for the payment of the total charges,
the short charge will be demanded from the addressee.
Messages deposited in a pillar or wall letter box should be
enclosed in an envelope, and addressed ¢ Telegraph Office.”

Telegrams deposited with the Rural Post Messengers.

Sufficiently stamped telegrams may be handed to rural post
messengers when they are proceeding to postal telegraph
offices, whence they will be transmitted to their destination.

Deiivery of Telegrams.
Ordinary.
The ordinary delivery of a telegram is by a foot messenger,
and is limited to a distance of within one mile of the terminal

telegraphic office, or the town postal delivery of that office
c2
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when it is a head post office, and the town postal delivery
extends for more than a mile from it ; thus if the addressee’s
residence is a mile and a quarter from the head post office,
and yet included within the postal delivery of that office, no
extra charge would be made for the service of delivery.

Postal.

‘When the residence of the addressee is beyond the limits of
free delivery, and the sender will not incur the cost of special
delivery, his message will be delivered, free of additional
charge, by the ordinary postal delivery next following on
the arrival of his telegram at the terminal telegraphic office.

Special Means.

‘When the sender undertakes to prepay the chargesfor special
delivery, he will state the same on the space assigned to such
instructions, and insert the amount prepaid by him on the
back of the forwarded message form A or A1. The charges
for special delivery are per double mile—

s. d.

If by a foot messenger .. .. .. 0 6

If by a cab, fly, or horse, except in Ireland 1 0

If by a cab, fly, or horse, in Ireland.. .. 0 8
Fractions of a mile are computed as a mile. Foot messengers

not employed if the distance exceeds three miles.

Correct Distances to be declared by Senders.

Senders of telegrams are enjoined to state as correctly as
possible the distance from the terminal telegraph office,
should the destination of the message exceed the limits of
free delivery.

Postmaster’s Horses.

Postmasters are not prohibited employing their own horses
in the special delivery of telegrams, the charge, however, -
being restricted to the usual rate.

Double Mileage.

The journey from and to the telegraph office constitutes the
double mileage ; hence, if the distance from the postal tele-
graph office be a mile it would be computed as a double
mile, and 6d. charged for same in the case of a foot mes-
senger, and 1s. in the case of a cab being employed. If
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the distance be 1}, 1}, 14, or 2 miles, the charge would in
respect of each distance be 1s. for special dehvery by foot
messenger and 2s. by cab.

Short Charges for Special Delivery.

~ Information as to the amount prepaid in respect of the
special delivery of a telegram must be signalled to the
receiving station, so that in the event of a short charge, the
difference may be obtained from the addressee.

Overcharges.

If the amount prepaid is in excess of that actually charge-
able for the special delivery, the receiving clerk will advise
the forwarding office, and the amount of overcharge will be
refunded to the sender.

Closing of Postal Telegraph Offices.

The delivery of any telegram received at the appointed time
of closing the office, will be effected on the evening of the
same day of its receipt.

THE DOUBLE NEEDLE INSTRUMENT.*

This was originally, and until recently, the only instrument
in general use, and is even now considered one of the most
rapid means of non-automatic telegraphic communication ;
indeed, it was formerly almost invariably employed in the
transmission of speeches from the Throne and important
- parliamentary debates. But upon the principles of economy
and accuracy, the single needle bids fair to supersede it.
In pernicity, however, the double needle excels in the ratio
of about two to one.

It is 8o named from the peculiarity of its construction
rendering necessary the use of two needles in the formation
of the letters of the alphabet. Each of these needles has

ﬁf The double needle instrument is not employed in postal telegraph
offices.
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assigned to it the central position of a disc or circle, and
when not in operation points to the north and south; their
movements are regulated through the internal portion of the
instrument, which is operated upon by two handles, each
handle affecting the needle of that disc only which is imme-
diately above it. The alphabet is distributed over the two
discs precisely as shown in the diagram, and the respective

letters, with the exception of C, D, U, V, L, and M, are indi-
cated by one or a succession of vibrations (or, in telegraph
phrase, beats) of the needle or needles, as the case may be,
in the direction of the letters to be described ; hence, A ap-
pearing in duplicate on disc No. 1, must in consequence be
denoted by making the needle of that disc point or beat twice
in rapid succession towards it. In like manner, B is repre-
sented by a triplicate, or quick repetition of three beats in
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the same direction. C is represented by a rapid transition
of the point of the needle of No. 1 disc from left to right;
and D, on the contrary, requires the reverse movement, viz.,
from right to left. In like manner, the beats of the needle
of disc No. 2 are expressive of the letters in immediate
proximity to it ; thus, the beats to the left are, one for H,
two for I or J, and three for K; and it therefore follows,
that those letters on the opposite side of that disc are indi-
cated by one beat for N, two for O, and three for P. The
vibrations of this needle for L correspond with those for
C of that one on disc No. 1, and the like operation to that
with No. 1 needle for D, is required on this one for M.
Those letters below the discs are denoted by the two needles
beating simultaneously to the right or left, according to the
position occupied by them, as for example :—R is indicated
by both needles pointing once, S by two beats, and T by
three beats to the left ; and those letters underneath the disc
No. 2 require the beats to be made to the right, one beat by
both needles being expressive of W, two of X, and three
of Y. The letters U and V are represented by the motion of
the needles in rapid succession, the former from left to right
and the latter from right to left. Z is denoted by directing
the upper or south point of the needle of disc No. 1 to C,
and that of dise No. 2 to N ; thus—

N S

and Q is represented by diverse inclinations of the needles,
one of the needles pointing to E, and the other to H, thus—

N

The following arrangements may facilitate .the progress of
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the learner in acquiring the knowledge of the telegraphic
alphabet :—

MoveMENTS OF THE NEEDLE.

. Disc No. 1.

Letter.  Beats to left. Letter.  Beats to right.
A 2 E 1
B 3 F 2

G 3
C left to right. D right to left.
Dise No. 2.

Letter.  Beats to left. Letter.  Beats to right
H 1 N 1 .
TorJ 2 0 2
K 3 P 3
L left to right. M right to left.

SiMurTaNEous MoveEMENTS oF Born NEEDLEs.

Letter. Beats to left. Letter. Beats to right.
R 1 w 1
8 2 X 2
T 3 Y 3
U left to right. V right to left.

The pointing of the needle to 4-C indicates that the signal
or word last completed cannot be interpreted, or was not
sufficiently distinct to be read. . The technical term for this
signal is, ¢ don’t understand.”

The pointing of the needle to E bears an opposite con-
struction ; this latter signal is termed ¢ understand.”

One of these movements must occur after each word; in
the former case it demands that the signal or word be
repeated, and in the latter case that the message be proceeded
with,

The period, or full stop (.), is represented by the letters
8Q, which would terminate the following sentence :—

Faraday proved that a single drop of water may afford more elec-
tricity than that causing the most powerful flash of lightning SQ

Another example—

The first Electric Telegraph Company (subsequently known as the
Electric and International) was constituted in 1846, and consisted of
eight persons only SQ

c3
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Inverted commas (“ ”’) are denoted by the letter C occur-
ring in duplicate before and after the word or sentence;
hence, in the following example, it should precede the word
‘“ among,” and constitute an annexe to the word ‘language.”

CC Among recent additions or improvements in the United States
relating to telegraphy is that of Bolton’s Telegraph Code. To com-
prehend this the fact must not be overlooked that the electric current
along the wire admits but of two signs, the dot and the dash, the one
being but a prolongation of the other. The question Major Bolton
has undertaken to solve is, how best to apply them. In the word
‘best’ is implied speed, as the telegraph means time; accuracy, for
the message is worse than worthless if incorrect ; universality, for the
globe is the field and the wire is the true bond of brotherhood. Morse,
out of his dot and dash, constructed the alphabet now in use. He has
five dots for his first five numerals, and five dashes representing 6 to
0. Morse's cﬁfhabet is, a8 we have said, - — for A, which, according
to Bolton’s code, is 16, therefore 16 is A ; — - - - means B by Morse’s
alphabet, by the code it is 63, therefore 63 is B; — - — - means C,
and in the code 6161, hence these figures represent the letter, and so
on. The code therefore takes in Morse’s alphabet to be employed when
required. Thus the system is made so comprehensive that it embodies
everything now used, while confining itself to the numerals as symbols,
In applying this code to the main consideration, time, it must be
explained that spaces, of which there are three, are almost as valuable
in transmitting messages as symbols. The first space separates the
elements of a letter ; the second, the letters of a word ; the third, the
words themselves. The duration of a dot is the unit of length, and
the dash equals three dots. The first 18 the unit, the second is the
dash or three dots, and the third is equal to six dots. In submarine
lines the dot increases in length, indeed in equalling the dash on short
open air lines. Bad spaces cause most of the operator’s blunders;
hence whatever reduces the number of spaces tends as well to accuracy,
though more still towards economising time. The numerals cannot
fail to be more simple, being confined to 10, than are the letters, con-
sisting of 26, while stops, parentheses, accents, will also, in a measure,
be done away with by the code. But Bolton’s system does not only
leave the alphabet as now in use for those who require it, but increases
its utility, both by giving whole all the small words frequently occur-
ring, as and, the, but, and by giving double letters, as 454 M,
465 M’, 4566 Ma, 457 Mb, 458 Mc, carrying the alphabet through
the whole, each letter in capitals being printed in conjunction with
every other letter of the alphabet, enabling the operator to send
double letters, whereby the time is saved. Such a code is
applicable to the globe, as numerals are universal, all required being
to interpret the English signification of the number into that of any
other language C

A parenthesis ( ) is indicated by the double P supplying
the place of the semicircles which describe it in the ordinary
way. Take as illustrations—
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The transit of Venue PP by which the distance of the earth from
the sun is determined PP can only occur twice in a century, because
it is only twice in that time that any number of complete revolutions
of Venus are just, or nearly, equal to a certain number of the earth’s
revolutions.

Among the telegraph apparatus in the Post Office, St. Martin’s-le-
Grand, is one said to be the identical instrument, the working of
which led to the capture of Tawell, the murderer, and about it the
following story, which may or may not be authentic, is related. It
is one of Cook and Wheatstone’s five needle instruments, and from
the letters of the alphabet, which are displayed upon its strange look -
ing diamond-shaped dial, the letter “ Q' has been omitted. This
deficiency placed a trifling orthographical difficulty in the way of the
- clerk who had to telegraph instructions for the arrest of Tawell ¢ the
Quaker,” and occasioned great embarrassment to the person who had
to receive the message. “ K-w-a’’ was slowly spelled out by the five
needles ; but as he knew of no word in the English language which
commenced in that fashion, he imagined that there must be some fault
in the working of the telegraph, and called upon his colleague at the
other end of the wire to “repeat.”” The same process was renewed
several times, and always with the same result, always “ K-w-a,”
until a sharp boy suggested that the sender should be allowed to com-
plete the word. His advice was followed, and after the receipt of three
more letters the word * K-w-a-k-e-r’’ was formed, and at once, PP
read phonetically, PP recognised as the equivalent for “ Quaker.”
The omission of the Q had compelled the transmitting clerk to use
“kw” for “ qu.”

To signify that a sentence has been underlined, the letter
L should be signalled in duplicate immediately before and
after it. Examples—

A writer in the Scientific American suggests the Morse alphabet
for the use of LL deaf mutes LL in the dark, the finger being em-
ployed as a key is for transmission. To persons who occupy apart-
ments on different floors in the same house, connected by & common
gas pipe, communication is easily maintained in this way.

EmBossEp Parer AuroMATic Process. (From Professor Morse's
Report.)—The 'general advantage proposed to be obtained by auto-
matic transmission ‘is that a greater quantity of intelligence can be
transmitted in a given time by this mechanical mode than by the
ordinary or hand manipulation with the Morse key, or manipulator,
and that this may be accomplished by having the dispatch, if of
great length, set up or prepared by dividing it into what are called by
printers ¢ takes”’ or convenient portions, and employing several ope-
rators who, at the same time, prepare their several takes by setting
up the type, or preparing the punched paper to be used in the trans-
mission. The mode proposed by the writer of this report has the
advantage of greater simplicity as a result of the embossing process
with the point séche. For this mode requires no type setting, no new
instrument for preparing the paper; no new process of punching
paper to be learned by the operators. The operator prepares his dis-
patch in the usual way, by embossing the paper, as if sending a
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dispatch. It is then at once ready for transmission ; needing no per-
forations nor other preparation. The paper strip with the embossed
characters is simply passed beneath a delicate lever like that of the
relay magnet. As every embossed part passes under the lever, con-
tact is made longer or shorter according to the length of the embossed
line. The result is the same as by the type process; and the punched
paper process. The only variation which may possibly be required
in the present Morse apparatus is a more perfect mechanical embossing
point, a small wheel, for example, instead of a blunt point, by which
the embossed characters shall receive a stronger and a bolder relief,
and paper more capable of this strong embossing. These are within
the ordinary mechanical capabilities of good workmanship. Those
who are familiar with the early history of the generic telegraph will
recognise the fact that the automatic mode of recording was em-
bodied in the LL first telegraphic instrument devised by the writer
in 1832, LL and it was the first mode by which the new art was de-
monstrated in 1835. At that early period the automatic was deemed
to be the only practical, if not practicable, mode of insuring a perfect
record. The details of this process are to be found in the earliest
specifications and descriptions and models of the Morse invention in
the Patent Office at Washington, and the instrumentalities are very
fully described and illustrated by diagrams in Vail’s earliest work on
the telegraph, published in 1845.

No matter of how many syllables or letters a word may
consist, the number of beats of each letter must be fully
rendered.

As might be inferred, the elementary lesson is the alpha-
bet, and that the learner may pursue his studies uninter-
ruptedly, a ¢ dummy instrument,” or an instrument on short
circuit (i.e. connected with the batteries, but not communi-
cating with any other station),-is placed at his disposal for
practice. He may perfect his knowledge of it by getting
one of the clerks to signal as he stands near him and reads ;
and when he deems himself capable of sending a message,
however slowly, he may do so upon the line instruments
(when not pre-occupied) by arranging with a clerk at one of
the other stations to converse upon it with him. He may
soon become acquainted with the manipulations necessary
for the formation of the several letters, and be able to signal
and receive messages by the double needle instrument ; no
mistake need arise, inasmuch as the instructions given on the
dises are sufficient to obviate it.

The messages may be read in the course of transmission
at each of the stations in the same circuit, unless the earth-
" wire be applied to one of the terminals (or metallic knobs,
which project from the sides of the instrument).
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Switches.

At stations where there are switches the electric current
may, by a certain application, be intercepted, and its pro-
gress diverted to another course, at the option of the party
regulating them.

Transmitting Stations.

Stations at which there are switches are called * transmit-
ting stations,” to which those communications that are
destined for stations beyond them must be first telegraphed,
and resignalled or transmitted by the instruments at the
transmitting station to the place for which they were origi-
nally intended.

Prevention of Interruptions.

As one telegram only can be sent at a time, except
by the duplex system, the stations which are engaged
upon it must have the free and uninterrupted occupa-
tion of the wires along which it passes; the least in-
terference by another instrument operates to the confusion
of the clerks, and the completion of the communication
is deferred until the interruption ceases. The prohibition,
therefore, of irregularities of this nature, except in extreme
or peculiar cases, forms the subject of one of the rules which
are framed for the guidance of the clerks. By such, and
other like judicious arrangements, telegrams pass and suc-
ceed each other with a swiftness that would not only have
astonished our forefathers, but which seems almost incredible
to the generation of our own time.

POSTAL TELEGRAPH INSTRUMENTS.

The telegraph mstruments used in connection with the
Post Office are—

Sounder .. .. .. .. .. 211
Single Needle .. .. .. .. 3,582
Bright's Bell .. .. .. 394
The Morse Pnntmg .. e .. 1,509
Hughes’s Ty'pe-Pnntmg .. . . 23
‘Wheatstone’s Automatic .. .. .. 98
Wheatstone’s A B C .. .. . 2,367
Other kinds .. . .. .. .. 100

Total 8,284
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~ The former four are in general use; the type-printing
and Wheatstone’s automatic instruments are used in first-
class offices only ; whilst the A B C instrument is mostly
used in connection with the wires of private firms.

The pneumatic tube is also used for the transmission of
messages between some of the chief offices and certain
branch offices.

THE SINGLE NEEDLE INSTRUMENT.

The following characters show the number and inclination
of the beats necessary to indicate the respective letters
underneath which they are placed : —

THE ALPHABET.
A B C D

v /AN AA A\
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E F ¢ H
\ WA /A N\
I J - K L
N 748 4 VA
M N 0 p
/S /N V//4 VA
Q R s T
N NN N\ /
U v w x
\V4 W v/ ANV
Y zZ
A/ AN

Ch i ® é [ ) i ue
27 VNN A

Frovuss.
\7//4 /\i\\
\\}// /- i\\
\\i// //;\\
’\\\:\/ / | //2/\
\aa y////4

ANNOTATION.
Comparative movements of Needle.
Letters Indicated.
Period, or Full Stop. (.)

NN\ N 111
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Comma (6]

\/\/\/ - AAA

Note of Interrogation. (?)

WA UuD

Inverted Commas. (¢ )

(NVAVS co
Hyphen. )
ANV BA

Apostrophe. )

NI wa

, Parenthesis. ()
VAVA PP

. Begin another line.

VAN AL

Bar of Division. (%)

S MMM

Underlined.
NASVAW LL

CONTRACTIONS.
Call Signal. .

s %% 0K

Understand. *

/ T

Not understand.t
\ _ E
Wait.
VI MQ
Correction, or rub out.
ASSNN NN 588

* To be given after each word that is understood.
1 To be given when the word is not understood.
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End of Message.

! A\V4 SN

Cleared out, and all right.

AN NN

The termination of a word is indicaied by a momentary pause.

It must be understood that the beats for the respective
notes, contractions, &c., must be continuous, as though they
constituted one letter. The letters of which they are sym-
bolical, are introduced solely for the purpose of impressing
upon the memory the inclinations of the needle in represent-
ing them.

It will be observed that the number of movements neces-
sary to form a letter by the single needle, exceeds in every
instance those required to represent them by the double
needle ; hence the transmission of a message is accomplished
with greater celerity by the latter.*

With but few exceptions the inclination of the double
needle is not varied in the construction of a particular
letter ; but the single needle is, on the contrary, of diversi-
fied tendency, the transition occurring in some instances two
or three times. Example,—A is indicated by a movement
to the left and then to the right; B by a beat to the right
and three in succession to the left ; and the other letters are
denoted in accordance with the following arrangement :—

BEATS.

o BEATS. ‘ o

8 :

E lst. | 2nd. | 3rd. | 4th E lst. | 2nd. | Srd. | 4th.
C | right |left | right | left O | right | right | right

D |right |left | left P |left |[right | right |left

E | left Q |right |right | left | right
F |[left |[left |right | left R [left |right |left

G | right | right | left 8 |left [lett |left

H |left |left |left |left T | right

I |left |left U |left |left |right

J |[left |right | right |right | V |left |left |left |right
K |right | left | right W {left [right | right

L [left |right |left |left X |right |left |left |right
M | right | right Y |right | left | right | right
N | right | left Z |right | right | left |left

* Bright's Bell Instrument is the most rapid of all non-automatic
telegraphs.—CuLLEY.
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In telegraphing numbers, it is customary to enumerate the
figures which represent them in successive order, commenc-
ing from the left; thts, 10 should be signalled one, nought ;
20, as two, nought; 864, as three, six, four; and so on.

There is also a single needle instrument in use in the
Post Office which instead of a handle, as in the engraving

on page 88, has two keys or pedals, resembling in shape the
keys of a piano, and which are termed the right and the
left key; the former is slightly depressed to make the
upper point of the needle incline to the right, and the
latter (or left key) is slightly depressed to produce a move-
ment of the needle in the opposite direction As both hands
are employed in the manipulation of the pedals, a message
can be sent at much greater speed by this description of
instrument than by that represented in the other engray-
ing; hence it is intended it shall ultimately supersede it.
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Of the 8,284 felegfgph instruments employed in the
postal telegraph service, 8,582 are single needle.

THE SOUNDER.

This instrument derives its name from the circumstance
of the telegram being rendered by it at the receiving office
by means of sound. A short or a prolonged sound, or a
succession of either, or & combination of both varied—like
the dots and dashes of the Morse alphabet—constituting the
respective letters of

THE ALPHABET.

Sounds indicating the Lotters.

1 short and 1 prolonged.
1 prolonged and 3 short.
1 » 1 short, 1 prolonged, and 1 short.
1 » and 2 short.
.. .. 1short.
.« .. 2 , 1prolonged, and 1 short.
.. .. 2prolonged, and 1 short.
short.

-0 W

”

,»» and 3 prolonged.

.. .. 1 prolonged, 1 short, and 1 prolonged
.. .. 1sghort, 1 prolonged, and 2 short.

.. .. 2 prolonged.

1 ' and 1 short.

3 prolonged.

1 short, 2 prolonged, and 1 short.

2 prolonged, 1 short, and 1 prolonged.
1 short, 1 prolonged, and 1 short.

3 short.

1 prolonged.

2 short and 1 prolonged.

3., andl ’

1, and2 s

1-prolonged, 2 short, and 1 prolonged.
1 ” 1, and 2 »

2 » and 2 short.

NdMdg<dadHeroNoOZEN K-~ moRHDC R >

The Sounder is worked on the single current principle—the
sounds being emitted from an armature which is in exact re-
semblance to the Morse armature. The Sounder consists of
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two kinds, one of which (see diagram A) is used in connection
with the Morse instrument on local circuits. Its mechanism,

which is fixed upon the top of a hollow case, minus one end,
consists of an armature and two magnetic coils.

It differs from the Morse Recording Instrument in this
particular, namely, that the latter prints the message, and
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therefore the eye is employed to interpret it; but with the
Sounder, the interpretation devolves upon the ear ; otherwise,
the two instruments are nearly identical with each other.
The current, which has two terminals, is relayed with a
local battery from a Pecker, as used in the Morse instrument.
The Sounder, which is employed in connection with the
Wheatstone transmitting apparatus (see diagram B), is of
similar construction, with the difference that it has a
galvanometer fixed immediately over the armature, the
adjustment of it being like to that of the Morse instrument.

DESCRIPTION OF THE COMPONENTS OF THE APPARATUS (B):—

. Galvanometer.

. Pair of coils.

Levers for regulating the play.

. Spring for tightening and loosening the armature.
Armature.

. Pivot on which armature works.

. Terminals—three on each side of the case.

. Hollow case, minus the bottom.

00T T 0o PO

THE MORSE PRINTING INSTRUMENT.

Telegraph printing is becoming in general use ‘as a rapid
and reliable means of communication. The process, which
is simple, consists in the clerk ‘at the sending station de-
pressing or raising at pleasure the transmitting key, which
influences the action of the style or point of the morse, or
receiving apparatus, at the receiving station ; a dot or stroke,
or a succession of each (according to the will of the operator
at the sen&ing station), is impressed upon a strip or ribbon
of paper as it passes underneath the style of the morse at the
receiving station: these dots and strokes represent the
letters of the printing alphabet.

For the information of the scientific inquirer we quote the
following from an article, which appeared in the Electrician,
on the operation of the parts of which the printing instru-
ment consists.

¢ The ¢instrument clerks’ have, in the case of lines of
any considerable length, four different pieces of apparatus in
their charge viz. :—the galvanometer, the relay-magnet, the
receiving instrument, the transmitting key.

¢ The galvanometer serves to indicate the force of the two
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currents, from the near and the distant battery, which
traverse the wire. It is composed of a piece of magnetised
steel, poised horizontally upon a knife-edge, and surrounded -
by a coil of wire. The magnetised steel carries an upright
pointer, which shows upon a scale the degree of deflection
of the magnet occasioned by the passage of the current
through the coil. The latter is compound ; there being, in
fact, two coils of wire of unequal length, constituting a
double galvanometer, the needle of which is influenced to an
equal extent by the two currents of unequal power traversing
the respective coils. The ‘arrival current,’ weakened by
loss of tension and leakage, passes through the longer coil.
By simply inspecting the galvanometer, the employée can at
any time ascertain the amount of battery power necessary
for the transmission of signals, or detect the existence of a
‘fault’ of sufficient extent to endanger the correctness of
transmission.

‘¢ The relay-magnet serves to bring into operation a ¢local
battery’ for the purpose of working the receiving instru-
ment the latter requiring generally a far greater power than
could be communicated by the arrival current. This current
is therefore made to influence an electro-magnet, the arma- .
ture of which is adjusted with great delicacy, in close prox-
imity to the poles. When the arrival current traverses the
coils of the temporary magnet, the armature is attracted,
and its movement causes the powerful current from the local
battery to be ¢turned on’ to the receiving instrument.
‘When the arrival current is cut off at the distant station, the
armature is removed from the temporary magnet by the
action of a spring. This, however, applies only to the ordi-
nary system of working lines, in which relays are employed,
by a succession of currents in one direction only, or from one
pole of the battery. In the system of working by ‘reverse
currents,’ introduced by Mr. C. F. Varley, and employed by
the Electric Telegraph Company, the spring is advanta-
geously dispensed with. The relay consists of an electro-
magnet, the core of which is movable inside its helix, the
latter being fixed. The core is delicately mounted on pivots,
and its extremities play between the poles of fixed permanent
magnets of horse-shoe form. When a current is passing
through the helix, the iron is temporarily magnetised accord-
ing to the direction of the current. The one current deflects

-
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the iron, and closes the local circuit ; the opposite current
deflects the iron core in the opposite direction, and opens
the local circuit, thus performing the part of the spring in
the ordinary relay. The advantage of such an arrangement
becomes obvious when it is considered that slight vibrations,
or ‘ accidental currents’ along the line, are often sufficient to
overcome the resistance of the spring, and thus to produce
at the receiving station signals which may seriously interfere
with the working of the line. Again, in working by reverse
currents, i.e. in breaking the circuit of the local battery by
means of a negative current, instead of by the cessation of the
positive current which brings the local battery into operation,
the relay-magnet becomes self-regulating. When a spring is
employed for retaining the armature of the electro-magnet,
its resistance requires to be constantly re-adjusted, according
to the variations in the power of the current, the increased
power developed in the magnet by the repeated currents,
and the various disturbing influences acting upon the line
wire. In the system of reverse currents, the force which
retains the armature is always proportionate to that which
causes the local circuit to be completed, morcover the
former instantly ceases when the latter is brought into opera-
tion. Another important advantage of this system is, that
from a given number of cells of the battery twice the force is
obtained to actuate the relay. Equally important advantages
in the working of long lines are secured in Mr. Varley’s
system, which, however, do not enter into our present sub-
ject-matter,

¢ A simple, but admirable, contrivance is adopted for pre-
venting the vibration of the delicate relay magnets. A heavy
rectangular mass of iron is enclosed in a wooden box,
mounted upon supports of vuleanised caoutchouc. Upon
this the instrument is placed ; and by reason of the difficulty
of producing vibrations in a heavy mass supported upon an
elastic material, it is thus withdrawn from such disturbing
influences.

¢ The receiving instrument used with the relay on long
circuits, and occasionally worked on shorter circuits by the
current from the distant station, is that which' is generally -
known as the Morse Instrument, but has undergone some
modification at the hands of the engineer and electrician to
the Company. The signals are produced by the action of
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an electro-magnet, the armature of which carries a lever, one
end of which, when the armature is attracted by-the-magnet,
impresses the ¢ dots and dashes’ upon a long strip of paper
moved through the instrument by the agency of clock-work.
From this strip the message is transcribed in writing.

“The lever-key is a very simple piece of apparatus for
transmitting a succession of currents along the line. The
signals are sent by depressing one end of a brass lever,
either by a momentary pressure producing a ¢ dot* upon the
paper slip &t the distant station, or for a short space of time,
in which case the ¢ dash’ is impressed. In its normal posi-
tion, the lever obeys the influence of a spring, and establishes
the communication between the line wire and the relay or
receiving instrument. When depressed, the key brings the
line wire into communication with one of the poles of the
battery. In Mr. Varley’s system of transmission, the lever,
when released, establishes a momentary communication be-
tween the line wire and the earth, in order to facilitate the
discharge of the wire, and also causes a reverse current to be
transmitted.”

THE ALPHABET.

A B C D
= ¢ ¢ m
' s xu
x x o  r
o N s 1
_U._ -V- .\V- X
..— -.Y..._ ._.Z__ —_——
Ch ;e._— é —-;oe i ue

—— — — - — - — - ——- _——— — . - —— -
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NUMERALS.
1 6
2 7
3 8
4 9
5 0
ANNOTATION. )
Letters Indicated.
Yeriod, or Full Stop.
...... IIIorSS
Comma '
e— e — - — AAAorRK
. Note of Interrogation.
i uD
Inverted Commas.
e e — - ccC
Hyphen.
— e — BA
Apostrophe.’ ¢
—————— w G
Parenthesis.
........ PP
Begin another line.
- =" A L
or
——————— L GQ

Horizontal Bar of Division, thus -;-
—_—_——— MMMorOO
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Perpendicular Bar of Division, thus 112

.- ) v 8 ..
Underlined.
........ LL
CONTRACTIONS.
Call Signal.
——————— CK
Understand.
— T
Not Understand.
- E
Wait
—_—————— MQ
Correction, or rub out.
--------- : ) SS8S
End of Message.
----- 8N

Cleared out, to be signalled to the last office engaged with when all
communications for it are fimished.

S . A NN

Exercises 1N Puncruarion, &c.

Period, Colon, and Semicolon :—
Night brings out stars, as sorrows show us truth -« «---

‘Various instances are recorded in ancient works of electricity ha;ving
been given off from the hair, and other parts of the human bodgr ------

Virgil makes mention of a harmless fire which was emitted from
the hair of Ascanius------ ‘Whether this was so or not is uncer-
tain, as doubts even of the existence of such a person as Ascanius have
been raised - - - - - -

Comma, :—
Iceland spar-—-—- —on being subjected to pressure in.certain
directions - — - — - —shows evident symptoms of electric action - —

- — -—and affects the galvanoscope accordingly.
D2
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Note of Interrogation :—

The slightest flap a fly will chase,
But who can drive the numerous breed - - -—— — - - -
Chase one, another will succeed.

Mr. Highton remarks that however difficult it is found in practice
for man to transmit, artificially, currents of electricity from any kind
of electric apparatus wholly submersed in water, yet Nature, in her
sublime workings, finds no difficulty whatever in so doing. The phi-
losopher is thus invited to careful study and deep investigation. The
day may come when this mode of action in the animal kingdom will
be better understood than it is now ; and then, probably, will be dis-
covered a means of constructing submarine telegraphs, without any
insulation of the wires; and who shall say whether such a discovery
would not satisfactorily solve the groblem of communicating instan-
taneously between great Britain and America-~——--

Inverted Commas :— :

—_———————- The world of science is not agreed as to the phy-
sical character of electricity. According to the opinion of some it is
a fluid infinitely lighter and more subtle than the most attenuated
and impalpable gas, capable of moving through space with a velocity
commensurate with its subtleness and levity. Some regard this fluid
as simple. Others contend that it is compound, consisting of two
simple fluids bearing antagonistic properties, which, when in combi-
nation, neutralise each other, but which recover their activity by
decomposition. Others, again, regard it not as a specific fluid which
moves through space, but as a phenomenon analogous to sound, and
think that it is only a series of undulations or vibrations, that are pro-
pagated through a highly elastic medium, which produce the various
electrical effects, just as the pulsations of the atmosphere produce all
the effects of sound. — - —- —-—-

MANUFACTURE OF THE PoINTS oF NEEDLES AND Pins BY ELECTRI-
crry.—A recent discovery has been made by M. Caudery, telegraph
inspector on the Western Swiss Railroad, and is now applied with suc-
cess at Aix-la-Chapelle, Belgium, whence needles and pinsare shipped
to all parts of the world. —-—-—-—- In establishing an electrical
current by means of a small Bunsen battery, and by passing a metallic
wire (brass, copper, iron, or steel), corresponding with the negative
pole, through the bottom of a glass tube, closed in such a way as to
contain an acidulated liquid, in leading the other wire of the positive
pole through the superior opening of the glass tube, closed in such a
way as to allow the positive wire to plunge into this acidulated liquid,
taking care to leave a small interval between the extremities of the
wires; the electric current thus established through the acidulated
fluid as a conductor, produces the following phenomena :—Very soon
che extremity of the positive wire takes a conical point of more or less
sharpness, depending on the free distance existing between the two
wires plunging into the acidulated liquid. During this phenomenon,
which takes from 5 to 16 minutes, according to the acid used, its
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strength, the composition of the wire, its degree of thickness, and also
the intensity of the electric current, very fine sections of the wire are
seen to separate from the wire. Water, acidulated with sulphuric
acid, appears to be more efficacious, especially for iron and steel wires.
Nitric acid is used in preference for brass and copper wire. The same
effect will take place if to the positive pole (superior) an indefinite
. number of wires are tied together and dipped in the acidulated water,
instead of the single wire, care being always taken to keep this posi-
tive wire at a little distance from the negative wire. 'We have seen
a hundred brass wires, after having been submitted to this operation,
present points as sharp as the best English pins, although the electric
current was produced by a very small Bunsen battery. It appears to
us very desirable thdt this new method should receive proper encou-
ragement, and everything should be tried to bring it into general use.
The operation of making the points of needles nndg pins in their manu-
facture is a dangerous and costly one. Medical men in large manu-
facturing cities have long recognised the dangerous effects produced
by the fine metallic dust resulting from it on the health of the work-
men. The remedies for this evil are very imperfect, little used, and
very impracticable ; inhaling apparatus communicating with the out-
side air has been tried, but every danger would be suppressed by the
method above described. — - — - — - — -

Hyphen :—

The war in America furnishes examples, not only of the rapid
establishment of lines of telegraph, but of the constant use of field
telegraphs, both in cantonments and during active operations in the
field. General Sherman, before commencing his march through Caro-
lina and Georgia, made all the necessary preparations for establishing
telegraphic communication in his rear, and was often enabled, within
two hours after a halt, to report his movements thereby. McClellan
combined the use of the telegraph with the employment of observatory
balloons. The telegraphic operations thus carried out were on a
truly gigantic scale. They embraced about 5,000 leagues of wires
and forty leagues of submarine cable. The cost of personnel and mate-
riel amounted to about two and a-half million dollars. The quarter
master — - - - - — general, who had charge of the correspondence o
the army, had two superior officers and a large number of subalterns
constantly engaged in these operations. Several thousand soldiers
were also employed, including a complete corps of signallers.

The electric fluid is evolved by the combination of three bodies, the
zine, the copper, and the acidulated solution in which they are im-
mersed. The production of the current depends on the chemical
action of the solution of the zinc: that metal, being very susceptible
of oxidation, decomposes the water which is in contact with it. One
constituent of the water combining with the zinc produces a compound
called the oxide of zinc; and this oxide entering again into combina-
tion with the acid which the water holds in solution, forms a soluble
salt. If the acid, for example, be sulphuric — - - --—acid, this salt
will be the sulphate of the oxide of zinc; and as fast as it is produced
it will be dissolved in the water in which the slips of metal are im-
mersed. Meanwhile, the copper not being as susceptible of chemical



54 HANDBOOK OF THE TELEGRAPH.

.

action as the zinc, remains comparatively unaffected by the solution,
but the hydrogen evolved in the decomposition of the water collects
upon its surface, after which it rises and escapes in bubbles at the
surface of the solution. It is to this chemical action upon the zinc
that the production of the electric current is due.

Apostrophe :—

Look around,
And tell me, shall we to blind chance ascribe
The scene so wonderful, so fair, so good P
Shall we no farther search than sense will lead,
To find the glorious Cause which so delights
The eye and ear, and scatters ev - — — ——- rywhere
Ambrosial perfumes ?

In some states of the weather, and in certain fogs, an insulated rod
extending high into the atmosphere, with a range of exploring wire
attach - — ———- d to it, will bring down torrents of the electric
fluid. It isa remarkable fact, too, that the power within a few minutes
changes from positive to negative, and vice versa from mnegative to
positive.

Parenthesis :—

Setting aside those magnificent natural displays of the electric action
-------- the thunder-storm and aurora borealis - — — - - — — -
not a cloud passes over our heads but the electric equilibrium of the
earth below is affected thereby.

Begin another line :—

To produce the effects, whatever these may be, by which the tele-
graphic messages are expressed, it is necessary that the electric current
shall have a certain intensity. Now the intensity of the current
transmitted by a given voltaic battery, along a given line of wire, will
decrease, other things being the same, in the same proportion as the
length of the wire increases. Thus, if the wire be continued for ten
miles, the current will have twice the intensity which it would have
if the wire had been extended to a distance of twenty miles. - — - —- -

It is evident, therefore, that the wire may be continued to such a
length that the current will no longer have sufficient intensity to pro-
duce at the station to which the dispatch is transmitted those eﬁpects
by which the language of the dispatch is signified. - — - —- -

The intensity of the current transmitted by a given voltaic battery
upon a wire of a given length, will be increased in the same proportion
a8 the area of the section of the wire is augmented. Thus, if the dia-
meter of the wire be doubled, the area of its section being increased
in a fourfold proportion, the intensity of the current transmitted along
the wire will be increased in the same ratio.—Lardner.

. Some in their ags- — - —--
Ripe for the sickle ; others young like him,
And falling green beneath th’ untimely stroke.
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The student should note that the formation of a letter does
not depend exclusively upon the number of dots and strokes
—their position has also to be considered ; as, in some cases,
the characters are, by variation of place, made to express a
plurality of letters. Examples,—a dot and stroke (the
former preceding the latter) constitute the letter A; but re-
verse their position, and the combination will represent N.
In ltke manner D and U are indicated by two dots and a
stroke, but not concurrently disposed; G and W have also a
kindred number of marks, but differently arranged; and
similar remarks will apply to B and V, and to Q and Y. The
dots and strokes are indented by the same style or printing
instrument, the difference in the length being influenced by
the continuance or otherwise of the pressure of the finger
upon the transmitting key.

The learner may easily, indeed almost imperceptibly, attain
to a proficiency in reading the printing alphabet, by com-
mitting to writing as he reduces from one character of letter
to another, as illustrated below :—

From
W. Jenxins, Kings-holm, Gloster.
To
Parrirt, 420, Strand, London.

Council Chamber open’d punctua.llgr ; all the members Sexcept one
present. Excuse assigned—* engaged.” Is this admissible ?

EXERCISE.
w period
J e n. k i --1.1“- 8 comma
Uk a5 e e
e 1 m comm
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4 2 0 comma
S t r a n d comma

P e n apostrophe d P

1 y semicolon ) 1 - 1
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inverted commas ) n g a g °
d °  inverted commas I 8 t h i s
a d m i 8 8 i b
1 e note of interrogation. End of Message.

It should be observed, that messages issuing from the
Morse, or telegraph pnntmg press, appear on the movable
strip, or paper ribbon, in one line in continuous order. Mr.
Scudamore, in his Roport to the Postmaster-General,
observes—¢¢ The offices at which a Morse printing is used,
are, and always will be, in class A or B.

Grouping of Letters of different Alphabets.

The Postal authorities have, with the view to more readily
and forcibly impress upon the mind of the learner the
telegraphic alphabet, arranged the letters signalled by the
three principally used instruments into groups. Each of
these groups consists of letters, the telegraphic formation of
which bears the nearest resemblance to each other.

3
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o
) HUGHES' PRINTING INSTRUMENT.

The Hughes’ printing telegraph instrument is based upon
entirely different principles to all other telegraph instruments
now in use.

The main object of this invention has been to reduce the
work to be performed by electricity to the least possible
amount, both as regards the number and duration of the
electrical waves, and the sensitiveness and rapidity of the
recording apparatus.

The Hughes’ system depends for its correct action on the
subdivision of time between each signal or letter. Each
electrical impulse of the same duration of contact producing
the desired letter.

All other systems, such as Morse's recorder, Wheatstone’s
needle, Bain’s chemical and the dial, or step by step letter-
pointing telegraph instruments, depend either upon the
number and duration of different signals to praduce the letter
intended, or upon a certain number of signals indicating a
certain letter.

In order to obtain these results, we must secure—1st.
Perfect synchronism or time keeping of two or more instru-
ments. Inthe Hughes’ instrument the speed is regulated by
means of the vibrating spring ; and the differences of speed
of each, or of two or more instruments, are, in addition to
the regulation by the vibrating spring, corrected at each
letter by means of a correcting cam, which adjusts any
difference that might exist. 2nd. The sending of the currents
should be perfect as regards intervals of time and duration of
contact. This is obtained by means of the revolving contact-
maker being geared to the type-wheel shaft, which is already
regulated by the vibrating spring. 8rd. The arrival of the
current should be perfectly recorded, both as regards the
intervals of time and the signals obtained. This result is
secured by using the holding power of a natural magnet .
acting strongly through the cores of an electro-magnet upon
the armature. The current merely detaches the armature
from the poles df the electro-magnet, consequently the arma-
ture can move with any rapidity wished for. The right
letter is recorded by means of the machine pressing the
paper against the type-wheel the instant the armature rises.
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Before, however, describing the instrument in detail, we
will in a few words give a general idea of its action :—
The instrument is driven by a weight, acting upon a train

of wheels, and its speed is governed by a vibrating rod.
The type-wheel revolves continuously, and carries by means
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of bevel wheels a contact-making arm, which travels around
a disc of pins acted upon by the finger-keys; whenever any
one of these keys is pressed down, the corresponding pin
comes into contact with the revolving arm at the time wished
for. The current is thus sent on the line, passing through
the electro-magnet, detaching the armature, which in its
rapid upward motion comes in contact with a detent, which
locks at will a small shaft to the train in motion. A cam on
the shaft raises the paper against the type-wheel, causing
the impression of the letter intended on the paper. At the
receiving station, the current acts in the same way as in
transmission, detaching the armature, thus permitting the
printing shaft to make one revolution and to take the impres-
sion of the intended letter—once for each current received.

The type-wheel of the receiving station is brought in
unigon with the transmitting one by a simple detent, which
by pressing does not allow them to start but from a given
point, thus starting them in unison.

Having thus briefly given an idea of its operation, we will
now examine the most striking features of this instrument ;
and first amongst these, from its importance and supposed diffi-
culty, must stand the means by which perfect synchronism
is maintained in instruments many hundreds of miles apart.

Many attempts have been made to obtain synchronism at
high speeds. Combinations of pendulums, centrifugal balls,
fans, &c., have been tried without success, and Professor
Hughes was the first to arrive at this point, by the employ-
ment of the rapid vibrations of a steel rod or spring. In
Hughes' instrument the free end of a round vibrating rod is
attached to a crank upon the fly-wheel, its other end being
held fast in its support. The free end has perfect freedom
to increase or diminish its arc of vibration according to the
force employed upon it. The greater the motive power the
greater the arc of vibration ; but no amount of motive power
can alter the speed or number of the vibrations. The force
is merely transformed into greater or less arcs of vibration.
Thus the instrument is obliged to run only at the speed
allowed by the vibrations of the rod ; and in order to bring
two or more instruments to the same perfect rate of speed,
it is only necessary to move a sliding weight upon the rod,
which can be done during motion.

The number of vibrations per minute are 840 ; the type-
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wheel making 120 revolutions in the same time ; and at this
high rate of speed the instruments can easily be adjusted to
such perfection, that the error per minute does not exceed
one thirty-thousandth part of a second.

There is, however, no necessity for this extreme accuracy,
as at each letter printed—which upon the average is at the
rate of 200 per minute—a correction takes place by means
of a wedge-shaped corrector or cam acting upon the inter-
stices of a wheel in connection with the type-wheel; these
being held to the type-wheel shaft by friction, allows the
type-wheel to be advanced or retarded as required.

The next feature of importance is the arrangement of the
electro-magnet by means of which the maximum effect is
obtained instead of the minimum, as in all other telegraphic
arrangements. In this invention the armature rests con-
stantly against the cores of the electro-magnet, being held
strongly by induced magnetism produced from a strong per-
manent magnet polarising the cores of the electro-magnet.
An adjustable spring on the armature tends constantly to
draw it from the poles; but the holding of the induced
magnetism being the stronger retains the armature in its
position until a current is sent through the electro-magnet
neutralising the induced magnetism. The spring then becomes
the stronger ; draws the armature rapidly away with the full
force of the spring; the armature comes in contact with a
detent which unlocks the printing shaft, and this shaft whilst

" taking the impression replaces gently by means of a cam the
armature in its normal position against the poles of the
electro-magnet. Suppose the induced magnetism in the cores
of the electro-magnet held the armature with a force of 100.
and the spring opposes a force of 91, it is evident that a
simple depolarising of but 10 would allow the armature to
rise with all the rapidity and force of 21. Suppose, again,
the spring more nicely adjusted, say to 999, then -2 would
be amply sufficient to make it work with the same force as
before. In fact, the only limit to the sensibility of this
arrangement is the close approximation to which we can
balance these forces. Thus it may be seen that the armature
is placed. in the best condition to feel the maximum of electro-
magnetic disturbance in the cores—near the poles; and
after leaving and performing its work, it is replaced by the
machine. Therefore there 1s really no action whatever for
electricity to perform; it has really only to produce a slight
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magnetic change in the cores, and this but once for each
letter.

The arrangements of the electrical circuits in this invention
are also important, allowing only the required quantity of
current to pass through the instrument. The instant the
armature rises, the current, instead of passing through the
electro-magnet, passes by a short wire direct either to line or
earth. Supposing that 100 of currents arrived, and 5 sufficed
to detach the armature, the surplus 95 would pass without
resistance direct to earth. This arrangement is not only
important as regards allowing only the required quantity to
pass through the electro-magnet, but more important in the
case of submarine lines, as the return current is discharged
to each direct, without passing through the electro-magnet,
and it is thus discharged during the whole revolution of the
printing shaft.

The mechanical portions of the instrument which perform
important functions will now be described briefly :—

The type-wheel contains a simple arrangement, by means
of which the letters of the alphabet or figures are printed ;
with 28 keys it prints 54 different characters. This result is
gained by obtaining the letters and figures alternately on the
type-wheel, and, by a lever, forcing the type-wheel to present
one or the other series at will. In order to do this, the
correction-wheel is fixed upon an independent axle from that
of the type-wheel, and the two are locked together by a
lever with two projections, which are acted upon by the
corrector, thus turning the type-wheel for either series of
characters as desired.

Upon the printing shaft is a catch which locks the fly-
wheel shaft and printing shaft together. This catch acts
by a strong spring when the detent releases it ; it instan-
taneously locks by the catch falling down an incline on to
a tooth-wheel on the fly-wheel shaft; but as the shaft
revolves, the catch comes up the inclined plane, which
raises the catch free of the tooth-wheel. After it has just
passed the centre of the inclined plane, it cannot- again
descend until released by the action of the detent, as it blocks
against the detent.

The contact-maker consists of a vertical shaft— divided into
two insulated portions at its lower extremity, and bearing a
projecting arm. The upper part of the shaft is in com-
munication with the wheels and frame-work of the instrument.
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The lower of the two projecting arms is in communication
with the tube upon which it turns, and which passes through
the centre of the brass disc of keys ; but is insulated from this
disc by means of a large piece of ivory in the centre of the
dise. The connection between the two arms is made by
means of a contact screw upon the lever moving on the upper
arm. The point of the screw when resting upon the lower
arm forms a metallic connection between these two arms,
a spring upon the lever keeping it firmly pressed against the
lever arm. There is also an insulated steel plate under the
lower arm with two angles, for the purpose of preventing
false or short contacts, and throwing the key pins out of
range when the keys are held longer than necessary.

In practical use, at the commencement of each morning’s
service, it is usual to make a few ¢blanks,” or in other
words, touch the same key consecutively in order that the
synchronism of the instruments may be perfectly adjusted ;
for instance, Liverpool sends blanks by touching his key
corresponding to the blank on the type-wheel ; and if London
prints A, then B, and so on, the apparatus at London is
running too fast, and the operator retards the regulator ; if
he receives Z, then Y, and so on, his apparatus is running
too slow, and he advances the regulator until his apparatus
also makes nothing but blanks, when both are ready to com-
municate. Blanks may be struck at every revolution or at
overy five or ten or more, thus testing the synchronism to
any desired extent.

The preliminary verification each morning requires but a
few seconds, and the instruments are then ready to transmit
the actual messages.

It will be seen from a careful study of this instrument that
it possesses special merits, not only for land lines, but for
long submarine lines, from the fact of its requiring but one
wave to each letter, and from the sensitiveness and simplicity
of the electrical arrangements.

Theoretically its speed is three times greater than the Morse,
and this has been fully borne out in the many numerous
practical trials the instrument has had. The patents for this
instrument have been purchased by the Governments of
France and Italy, after a series of practical trials of one
year's duration. It is now in daily use on their most im-
portant lines. In the United States it has been purchased
by the American Telegraph Company, and has besn in opera-

T
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tion there since 1855, although since that time many important
improvements have been effected.  The United Kingdom
Telegraph Company formerly possessed the sole right* for
Great Britain, and this instrument is in daily operation upon
their lines between Liverpool, Manchester, and London.
The severe practical tests that this invention has been success-
fully subjected to in several countries, and in the course of
several years, sufficiently demonstrate that the various
advantages it professes to possess are not merely the logical
results of theoretical principles, but are substantial facts, which
have effectually aided in removing the grave difficulties that
have so long retarded the progress of telegraphy.

- THE BELL INSTRUMENT
Consists of two bells, designated the right bell and the
left bell. By striking these bells with finger-keys or ham-
mers they emit distinctive sounds. In some cases one, and
in other cases both, of the bells are employed in the signalling
of a letter. For example—the letter A would be indicated
by first striking the left bell and then the right bell ; whilst
one stroke on the right and thiree on the left bell constitutes
the letter B. The manipulator will do well to bear in re-
membrance that the order in which the bells are intoned is
identical with the inclination of the upper points of the single
needle. The following alphabetical arrangement will explain
the disposition of the strokes to form the respective letters :—

] Strike the Bells in the o Strike the Bells in the

§, following order. E) following order.

@ 1st | 2nd | 8rd | 4h | %2 | 1st | 20d 7| 3rd | 4th

| stroke. | stroke. | stroke.| stroke.| & | stroke.| stroke. | stroke. | stroke.
Bell. | Bell. | Bell. | Bell. | Bell. | Bell. | Bell. | Bell

A | left | right - N | right | left

B | right| left | left | left | O | right| right| right

C | right| left | right|left [ P | le right | right | left

D | right| left | left Q | right| right| left | right

E | left - R | left | right| left

F | left |left | right|left | S |[1left | left | left

G | right| right | left - T | right

H |le left | left |left | U | left | left | right

I |left | left -V | left | left | left | right

J | left | right| right | right| W | left | right| right

K | right| left | right X | right| left | left | right

L | left | right|left |left || Y | right| left | right| right

M | right| right Z | right| right| le le

* This right is now vested in the Postmaster-General.
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WHEATSTONE'S AUTOMATIC TELEGRAPH SYSTEM

Consists of a Perforating, Transmitting, Recelvmg or Print-
ing, and Translatmg Apparatus.

The Perforator.

The name of this instrument explains its purpose—to
perforate—and the first stage of the automatic process is
1dent1ﬁed with it. Of its operations, it may be remarked—
a strip of paper (scarcely half-an-inch wide), termed a paper
ribbon, similar to the paper ribbon used in connection with
the ¢ Morse” printing instrument, is, by a mechanical
contrivance, conducted through a guiding groove, at the
bottom of which is an opening sufficiently large to admit of
a backward and forward motion of the upper end of a frame
containing three punches. The external punches effect the
perforations, which represent the letters of the alphabet, and
they also make the small holes which occur between the
upper and lower of such orifices, whilst the intermediate
punch perforates the small hole which intervenes as a mark
of division between the automatic alphabetical signs. These
marks of division occur in continuous line with the small
perforations made by the external punches.
The function assigned to one of the external punches is
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the perforation of those holes which are in perpendicular
)

line, thus o ; this sign is the represéntation of the letter E.
: o

The object of the other punch is the making those perfora-
tions which are transversely disposed, inclining from left to
right, besides which it makes the two small intermediate

o
perforations, thus oo ; this sign represents the letter T.
o

The middle punch makes a small orifice of the same pro-

portion as, and intervening between, the small perforations
ET

oo

produced by the outside punches, thus cooo ; E and T
o o

are thus represented. But supposing the perforated mark of

division was omitted, the signs for E and T would merge

into each other, and such combination would constitute the

oo
sign for the letter A, thus ooo.
oo
The perforator has a ¢ step-by-step’ motion; the two
large holes, and the intermediate small hole, forming the
perpendicular line, are perforated by a single movement of

o

one of the external punches, thus o. The two large holes
o

which are transversely disposed, and the two smaller holes

in connection with them, are perforated by two distinect

movements of the other external punch; first the large

orifice to the right, and the smaller one immediately below

it, is perforated thus ©; the punch now advances a step
o U

and makes the other perforations, J, and the sign being

o
completed, appears thus oo. This law is recognised as
)

often as the above signs are repeated, either when used
singly or collectively, to constitute a letter. Each of the
punches, the middle one of which is smaller than the two
external ones, may be separately elevated by the pressure
of a key. By the pressure of either finger-key simulta-
neously with the elevation of the punch with which it is
connected, for the purpose of perforating the paper ribbon,
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two different movements are successively produced—first,
the raising of a slip which holds the paper firmly in its
position, and secondly, the advancing motion of the frame
containing the punches, by which the elevated punch carries
the paper ribbon to its proper distance. During the reaction
of the finger-key consequent on the removal of the pressure,
the slip first fastens the paper ribbon, and then the frame is
adjusted to its normal position. As the perforations progress,
the paper ribbon, which is of indefinite length, issues
gradually from the apparatus, until the whole of the message
is thus prepared, and made to partake of the appearance of
what is well known to the ladies as ¢ Insertion.” The slip
thus perforated, and which describes in that peculiar manner
the whole of the letters of which the telegram consists, is
now in proper order for

The Transmitting Apparatus.

A double-action groove is made to receive the perforated
message ribbon, prepared as before described, and to convey
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it forward by its advancing motion, and by mechanism
similar to that operating upon the perforator, the currents
produced by a rheomotor (a source of electricity), such as
a voltaic battery, an electro-magnetic or magneto-electric
machine, are transmitted. The order observed in the per-
foration of the letters in the strip is recognisable in their
transmission by this instrument. Instead of punches, as in
the perforator, three wires, arranged so as to be parallel
with each other, are employed, the intermediate wire
serving as a guide during the operation of the current; the
elevation and depression of the external wires are influenced
by the irregularities in the surface of the perforated strip.
‘When the free end of one of those wires penetrates a large
orifice, the current passes in a particular direction, and when
the free end of the other penetrates a large orifice the current
passes in the opposite direction; by this means the currents
are made to Succeed each other automatically, and the
message is thereby signalled and recorded in the dot and dash
Morse alphabetic character, by the printing instrument at
the office of destination.

The Recording or Printing Apparatus.
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The pens are entirely independent of each other in their
action, which are so arranged that when the current passes
through the coils of the electro-magnet in one direction one of
the pens is depressed, and when it passes in the contrary
direction the other is depressed; when the currents cease,
light springs restore the pens to their elevated point. The
mode of supplying the pens with ink is as follows:—A
reservoir about an eighth of an inch deep, and of any
convenient length and breadth, is made in a piece of metal,
the interior - of which may be gilt, in order to avoid the
corrosive action of the ink placed in it; at the bottom of
this reservoir are two holes, sufficiently small to prevent by
capillary attraction the ink from flowing through them : the
ends of the pens are placed immediately above these small
apertures, which they enter, when the electro-magnets act
upon them, carrying with them a sufficient charge of ink to
make a legible mark on a ribbon of paper passing beneath
them. The motion of the paper ribbon is produced and
regulated by apparatus similar to those employed in other
register or printing telegraphs.

Each part of the automatic system ‘has its mdependent
originality, and may be associated with other instruments.
The printing instruments, in connection with this system, in
general use at the postal telegraph offices are the ¢ Morse.”

The Translator.

By the operation of this ingenious apparatus the tele-
graphic symbols are reduced to their original or ordinary -
alphabetic characters.

Some idea of the speed attainable by the automatic system
may be deduced from the fact that upwards of five hundred
letters per minute have been telegraphed by it.

The Automatic Perforated Alphabet.

oo . g © 00 o E ©°
Aoo oo oo o

o ooo o oo ocooo o
B D F

0O 00O o O O 00 OO0
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o o o o o oo0o
G N U

o oo oo oo o

o000 o o o ocoo0oO0
H () AY

0000 o o o ocoo0 o

oo oo o o oo o
I P w

oo o o oo o o o

oo o o o o oo o ooo
J Q . X

o o o o o oo o ooo0 o

o oo oo o o oo o
K R Y

oo o c oo oo o o

oo oo oo0o0 o o oo
L S Z

o ooo 000 o oo0o0

o o o
M T

o o o

It will be observed that the letter E consists of two perfora-
tions, one of which occurs immediately above the other ; and
T also consists of two perforations, but differently arranged.
A series of either of those signs, or a combination of the
two signs, are employed in the formation of the other letters
of the alphabet.

The following is the order in which the components of
the remaining twenty-four letters of the alphabet are repre-

sented :— .
Order in which the signs for E and T occur.
1st. 2ndly. 3rdly. 4thly.

In representing A .E T
» ” B . T E E E
” ” C . T E T E
" » D . T E E
» . F .E E T E
» » G . T T E
» ” H .E E E E
»” " I . E E
»” » J .E T T T
K . T E T
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Order in whlch the sm’ns for E and T oceur.
2ndly. Srdly. 4thly.

In representing L . E T

) ” M ..T T

”» ” N . T E

” " 0 . T T T

2 » P .E T T E

” " Q . . T T E T

» ’ R . .E T E

» » 8 .E E E

” » U E E T

”» " v E E E T

» " w E T T

» » X T E E T

» ’ Y T E T T
Z T T E E

* » ”

The following is an illustration of the appearance of a
paper strip which has been prepared by the perforator :—

A U T 0 M A TI ¢

OO 000 O OO0 OO OO0 O 00 O 00 O
000000000000000000000000000000000000000000
Q0 000 O 00O OO OO O OO0 00 00

The learning of the automatic perforated alphabet may be
facilitated by a knowledge of the circumstance, that the
holes in perpendicular line represent the dots, and those
transversely disposed the dashes, of the Morse printing
_alphabet. Examples:—

Alphabetic Signs.

THE AvUTOMATIC. THE MoORSE.
oo

A
o o - —
0O oo0oO

B
0o00oO0 —_——-
o oo ©

C
oo oo —_———
o oo

D
oo0o0 J— ..
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WHEATSTONE'S A B C INSTRUMENT.

Wheatstone’s agtomatic instrument is in operation in
thirty-nine postal telegraph circuits, of which thirty-one cir-
cuits are in communication with the Central Telegraph Office.
The thirty-nine circuits referred to comprise 10,688 miles.
This instrament possesses the power of doubling, trebling,
and even quadrupling the transmitting capacity of the wire.
Mr. Scudamore remarks on its advantages thus:—¢ Eight
circuits between England and Ireland are worked auto-
matically, the use of the automatic instruments doubles the
transmitting power of those circuits, so that we are relieved
of the necessity of erecting eight land wires of great length,
and of laying down a costly submarine cable. In the case
of shorter circuits—such, for instance, as the London and
Manchester—the transmitting power of the instrument is
quadrupled by its use, ¢.s., the instrument makes one wire
do the work of four. On one occasion, when four out of
five London and Birmingham circuits were broken down
by a storm, the remaining circuit, worked automatically, did
the work of all. To get the full value of the instrument,
it ie necessary to employ a large force. It can send
mesaages at the rate of 200 words per minute, but no single
penman can write them out at a rate of more than 40
words per minute, and therefore several writers must be and
are employed on each circuit, the same remark applies to
those who puneh the messages for transmission—no one can
punch as fast as the instrument can transmit. We have, in
the automatis instrument, the means of dealing with a large
increase of traffic over great distances, without the erection
of additional wires. It requires, for the effective display
of its powers, a staff from three to four times as large
as that required for the ordinary ¢ Morse’ instrument.
During a racing season, 200 messages per hour were sent by
its agency on a single wire.”

8Sir Charles Wheatstone derives a royalty of £1,600 per
annum for its use by the postal telegraph establishment.

The A BC instruments are the most readily understood of
any of the telegraphic instruments; indeed, it may be truth-
fully said—

¢ He who runs may read it.”
This is one of the inventions patented by Professor (Sir Charles
E
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Wheatsjone, and is extensively used by private firms in the
metropolis and other large towns, as an expeditious means
of transmitting information, instructions, orders, &c., between
main and branch establishments in the same town or district.
A complete 'set of the apparatus consists of a Communicator,
or sending instrument, an Indicator or receiving instrument,

and an alarum for each of the two places of business or
stations which are connected by the telegraph wire. The
face of the Communicator and Indicator is of circular shape,
and has imprinted on it the whole of the letters of the alpha-
bet, a cross, and a period, comma, colon, or a semi-colon ;
and, forming & ring, immediately underneath are duplicated
a cross; the digits, and a cypher. The position of the dial or
face of the Communicator is flat, so that the manipulator has
to look down upon it, whilst that of the Indicator is perpen-
dicular, and in that position, when viewed from a distance,
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bears a resemblance somewhat to that of a timepiece. In
the centre of each instrument is. a hand or pointer, which
has a rotarymotion. Surrounding the dial of the Communi-
cator are 80 studs or keys, which should be respectively
depressed by the finger as occasion requires to produce an
instantaneous and simultaneous movement of the hand of
each instrument to the letter, character, or figure which it
represents. As an illustration, to telegraph the word
‘“ Bond "—

First, depress the stud in immediate contiguity to g

'S‘ec'ondly » ”» »
Thirdly ” »” » N
Fourthly ” ’” ”» D

and the hand of the Communicator and Indicator will instantly
rotate in the same order to those letters.

By this process practice will enable the manipulator to
signal— .
By the high-speed apparatus, 100 letters per minute.

yn gdl“m'speed » » »
The attention of the Receiving Clerk is obtained by means of
the alarum, which is operated upon by turning the handle of
the Commaunicator, and then depressing one of. the studs,
usually that opposite the sign 4-.

The letter A, which appears on the pedestal of the
Indicator, signifies ‘¢ Attention,” and the letter T denotes
¢¢ Telegraph.”

The frame of the Communicator contains a permartent horse-
shoe magnet with coils for producing the necessary magnetic
currents. An' exterior handle, on revolution by the hand,
or other means, causes an axis carrying a soft iron armature
in the instrument to revolve. This armature is so arranged
upon the axis as to be in close proximity with the soft iron
cores of the coils on the poles of the horse-shoe magnet, so
that at every revolution of the axis with which the handle is
connected, the soft iron armature passes over the poles of
the magnet ; and at the moment of making and breaking
contact, induces currents of electricity, moving in opposite
directions through the wire of the coils, if the circuit be
complete. These induced currents through the coils taking
place each time contact is made and broken, during the re-
volution of the soft-iron armature with the poles of the
magnet ; a succession of currents or waves of electricity is

E 2
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obtained by the continuous revolution of the handle attached
to the axis carrying the armature.

The mechanism of the Communicator'is so arranged that
when any one of the thirty keys round the dial is pressed
down by the finger, that key has the effect of cutting off the
passage of the current along the line and through the instru-
ment, and of making a short circuit with the earth so long
a8 it remains depressed. When any other key is similarly
depressed, a simple piece of mechanism causes the depression
of this key to elevate the former key, open the electrical
circuit, and allow the induced currents derived from the
magnet to flow in succession through the instrument and
along the wire to the distant station, until they are again
interrupted and passed into the earth by the depressed key.
This short circuit contact is made by means of a loose carrier
arm attached to the axis which carries the pointer on the dial,
and thrown in or out of gear by the depression or elevation
of a key. Motion is communicated to this axis by a bevelled
wheel working into a pinion fixed to the axis carrying the
armatures, the motion being so adjusted that for every
separate current induced in the coils, the hand shall move
one space or letter on the dial. The keys, therefore, being
depressed in succession will each liberate one current, or
‘thirty distinet currents during an entire revolution of the
hand round the dial, fifteen in one direction and fifteen in
the opposite direction.

The fate of the Indicator is spaced into thirty divisions
like the Communicator, with its double circle of letters and
figares, and its movable hand or index. A step by step
motion is imparted to this hand by means of an electro-
magnetic apparatus, which consists of two permanent
magnetic bars or needles fixed to an axis,-and lying parallel
between two small electro-magnetic coils with soft iron cores.
These electro-magnets are so arranged that when a current
of electricity from the Communicator passes through the
coils, their armatures exercise a mutual attraction and re-
pulsion on the poles or extremities of the magnetic needles,
the effect of which is to impart a backward and forward
motion to the axis carrying the magnetic bars. Fixed to
the end of this axis is a ‘short vertical arm, carrying a small
escapement wheel of fifteen teeth, the axis of which carries
the pointer on the dial, and to which a step by step motion



HANDBOOK OF THE TELEGRAPH., s

is imparted by the rotation of the escapement wheel working
to and fro against fixed stops or pins.

BREGUET'S ALPHABETICAL TELEGRAPH.
This, which is a French invention, is in extensive opera-

. BREGUET'S A B C INDICATOR.

BREGUET'S A B C MANIPULATUR.

tion on the Continent, and is also largely used in connection
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with private places of business in England. Like the
former, it may be easily worked, even by those who are
unacquainted with the principles of telegraphy—the pointer
of the manipulator has merely to be directed to the letters
required to constitute the telegram, and the pointer of the
indicator is thereby simultaneously made to incline to
corresponding letters.

There are several other A B C or alphabetical instruments ;
as for instance, Bailey's A B C.

) i

BAILEY’S A B C TRANSMITTER.

BAILEY'S A B C RECEIVER.

The French, German, and Greek, as well as our own
alphabet, are, in accordance to requirement, inseribed on the
dials of this instrument, and can, in either language, be
readily operated upon. -
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Amongst the other inventions of this class of A B C
instruments, are Henley's Magnetic, Siemen’'s Magnetic,
Improved Magnetic, Wilder’s Patent, &c., &c.

HENLEY'S MAGNETIC A B C INSTRUMENT.
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-SIEMEN’S MAGNETIC A B € INSTRUMENT.

IMPROVED MAGNBTIC A B C INS‘IBUII.NT-
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WILDER’S PATENT A B C MAGNETIC INSTRUMBNT.

None of these instruments require a battery.

The Preumatic Tube.

Pneumatic tubes are employed for the transmission of
telegrams between the Central Telegraph Station, Telegraph
Street, London, the code of which is T 8, and the postal
telegraph offices tabulated below :—
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There are also pneumatic (lead) tubes in connection
with the postal telegraph establishment in

Yards.

Birmirigham, length of Tubes .. .. .. .. 698

Dublin s ’ v e ee .. 2,700
Glasgow » by e ee eer e 242

Liverpool v ’” Ce e e ee 2,408

Manchester ” . e ee e .. 2,028

Total 8,069

4 miles 1,029 yards.

Postal Telegraph Codes, etc.

In telegraphing there are various abbreviations, denomi-
nated codes, which are significant of instructions, time,
names of stations, &c. These codes have their peculiar po-
sition, some occupying fthe precedence in the telegram,
whilst others of them are intermedials, and some again form
the termination. The codes included in the category of the
former are called prefizes, and those in that of the two latter
come under the term affizes and abbreviations. These codes
may be severally defined as the signification of few or many
words by one or two letters, and when constituted as signals
are momentarily recognised, as but a few beats, or even a
single beat, are indicative of a meaning, the full rendering of
which would occupy more time, and not be.so readily under-
stood. Codes which are adopted by the Post Office autho-
rities :—

MEessaGE PREFIXES.
Prefixes. Their Signification.

B .. Government message with priority.

C . For & message to or from the Submarine Telegraph Company.

D .. For a message to or from the Danish-Norwegian Telegraph
Company.

F .. For a message to or from the French Atlantic Telegraph
Company.

G . For a speocial service message service on business of the Post
Office, sent by or to the Postmaster-General, Secretary, or
Engineer:

I . For a message to or from the Indo-European Telegraph
Company.

M . Remittance message.

P . Press or news message. )

R .. Repeated. This prefix indicates that the message is to be

signalled back to the sending station.
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«+ Ordinary Private Message. When there are no talegrams

bearing the extraordinary prefixes, the transmission of

telegrams of this code must be regulated by the time

tci;liivered to the company, the earliest having the pre-
ence.

.+ Ordinary Service Message. To be forwarded when the

wires are not engaged with other communications.

«+ For a message to or from the Anglo-American and Atlantio

Telegraph Companies.

+« Private Message to be retransmitted. .

8orX.. One of these must form the first part of each of the pre-

fixes ; the former—S8—implying that the message is sig-
nalled direct to the office t?f yilt!slgdeatination, and the latter
—X—that it requires to be retransmitted. Henoce, if the
Government message (prefix B) is signalled direct to the
ggstal office of its destination the compound prefix would

8B; but if requiring to be first signalled to a * trans-
mitting *’ station and thence re-telegraphed to the office of
its destination the compound prefix would be XB.

8 and X are the only prefixes that are employed separately. ,

Tme Copes.

These are shown on the diagram below. The large letters

represent the hours and the twelve divisions of the hour,
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" and the four smaller lotters are expressive of from one to
four minutes. '

A denotes the 1st hour, or § minutes.

B . 2nd ,, 10 ’s
c ” 3'd ”» 16 ”
D " 4h , 2
E . th , 26
F " 6th- , 30
G " 7th , 35
H w* Sh , 40
°1 " oth , 45
K " 100th , 650
L " 11th ,, 66 ,,
M, 12th ,, 60

R is significant of 1 minute.

8 ” -2 ”

w ” 3 ”

X ”» 4 ”

"It is sometimes necessary to employ & combinstion of these
letters in a eode, for example :—

H, M.
AB would signify 1 10
BA " w 3 6
BAS ,, . 27
BAW , ., 2 8
BAX ,, s, 29
DF " , 4 30
GR » w T 1
G G ” ” 7 36
KL » » 10 85
MR ” p 12 1

Postal Telegraph Office Codes.

These, like other codes, consist of one leiter or a number
of letters which, when telegraphed, convey the same im-
for mation as if the whole of the lstters in the name of the
postal telegraph office were signalled letter by letter. Take
for example the following cases :—
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. Banbury is represented by the letters B B

Bristol » » BS
Cardiff " " "CF
Chepstow » » CcJ
Chippenham » ” cP
Coal Exchange, London ,, cX
Covent Garden Market Piazza ,, CNF
Gloucester Head Post-office,, GBE
Gloucester Docks ,, » GR
House of Commons » HMK ,
Stroud » » SP
Tredegar » » TR

Grouping of Offices’ Codes.

Certain sub-offices are generally grouped with a head
office, and in addition to the general code each of them has a
local code, the employment of which is recognisable only
amongst themselves ; but in commumcatmg to places with-
out the circuit, the genera.l code is adopted by them ; but the
head office is dlstmgmshed ‘both in the circuit and elsewhere
by one code only. The local code consists of the following
letters :—D, G, K, O, R, 8, U, W,F, L, P, Q, X, Y, Z;
but as there are but seldom instances of a group consisting of
more than eight sub-offices, the letters preceding F are
all that are as a rule required. The station next in proximity
to the head office is expressed by D ; the next in distance to
the head office is expressed by G ; the next in distance to the
head office is expressed by K, and so on in successive order.
On the sub-office circuit cards, which are exhibited at each
of the sub-offices, the names of the places in the particular
group to which it belongs and the two codes are enumerated.

In this example Birmingham is the chief office, and if that
station should call Sparkbrook, the code used would be D ;
but if Sparkbrook should call Birmingham, the code would
be B M ; whilst the code by which Sparkbrook would call
Moseley would be G. If Liverpool, which is without the
circuit, should call Sparkbrook or Moseley, the code used
ﬁ ht['hl.s former case would be B O L; and in-the latter

L]
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Codes.

AL

AU
BB

BC
BM

BP
cceC
CF
cQ
DF

FI
FQ

GQ
HQ

HANDBOOK OF THE TELEGRAPH.

AFPFIXES, ABBREVIATIONS, AND PREFIXES TO SERVICE
~ CoMMuNICATIONS.

Their Signification.

. Instructions to receiving clerk to commence a fresh heading

in news messages, Colonial wool sales, prices firm; A L
London Coal Market—house coal advanced 34.

. Answer, which has not been paid for, to be waited for by
messenger. :

. Telegram to be forwarded by boat from the station at which
received. :

.. By cab, coach, gig, or other such vehicle.
.. By best ordinary means, due regard being observed as to the

expense.
. By first postal despatch or delivery. : .

. Inverted commas, to be signalled at the commencement an

completion of a quotation. Thus—CC Man wants but
little here below CC -

.. Message to be called for.

. All Stations. A notification to all postal telegraph offices

to receive the message.

.. Yes; or, in other words, Direct line free. In reply to T Q.
bDQ ..

Completion of Addresses. This code is signalled in order
immediately after the address of the intended receiver.

. To indicate that a figure or a group of figures will be sig-

nalled next in order. Thus—F I. 60.

. This code indicates to the sending clerk that the marks are
to be made more distinct to enable them to be read by
the receiving clerk.

.. Commence a fresh line.

. In?:ilairy made by the sending clerk as to the appearance of

signals or marks to the receiving clerk.

IF .. To indicate that the figure or group of figures is completed.
Thus—60 I F. group . P

IP .. Deficiency. This code precedes the amount short paid by
sender.

IQ .. Noj; or, in other words, in short circuit. Inreplyto T Q.

K Q .. Inform me when you can attend to my signals. This code
is in reference to the request M Q.

LL .. Underlined. This code is signalled immediately before and
after words which are underlined. °

L Q .. Keep line clear for testing.

M E .. Greenwich or Dublin mean time.

M H .. Message to be conveyed by man on horseback.



MQ .

NN

NQ
oQ
PD

PP
PQ

RQ

RT

SL
8X

TI
TQ

WP
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. Instructions, and is represented by a stroke thus — This

.

oode is to precede all others, having reference to the dis-
g;ul or delivery of a message, and must occur imme-
iately after the completion of the text of the message.
‘Wait. A request to the office calling you to wait, you being
otherwise engaged.

. Cleared Out. Indicating that the signalling clerk has com-

pleted all the communications he had to make to his
correspondent.

.. Broken down to —— ; or, no communication to —.
. Signal more slowly.

Amount Paid for delivery. To precede the amount prepaid
b{ sender in respect of Ipo'ut.age, cab hire, or other mode
of special delivery. f these particulars are mnot sig-
nalled, the receiving clerk will act on the supposition that
the sender has paid for the message only.

Parenthesis. Wordsin parenthesis must be preceded and suc-
ceeded by this code. Thus—PP with the exception of PP

. Completion of telegram, and of special instructions, when

.

.

there are any. This code is represented thus ==.

Discrepancy in the number of words. This code is signalled
by the receiving clerk if the number of words contained
in the message received does not agree with that in the
statement of the sending clerk. :

Number of words correct. If the total number of words,
of which the telegram as received consists, corresponds
with the statement of the signalling olerk, the receiving
clerk signals back this code.

State of lines.

no consideration.

. Telegram to be delivered by special express, expense being

XxQ ..
YQ .

ZM

.

Daily time signal.

Am I through to — ? An inquiry as to whether the line
is clear through the switch.

Reply paid for by sender. Messenger to wait for it.

Attend to relay.

uest to two or more stations to receive the message
simultaneously.

‘Weather intelligence.

ZQ .. Attend to switch.

Definition of the word * Inland.”

The term Inland comprehends the whole of the postal
telegraph offices in the United Kingdom.
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Order to be observed in wﬂting Telegrams.

Senders are requested to commence their message in the
first division of the message form by writing one word in it,
and to write the next word in the second, the next to that
in the third, and so on until the whole is written ; and it is to
be hoped that as the object of such an arrangement is to
save time, no person will refuse to fall in with it; but the
disregard of it is not to be construed as prohibitory of its
acceptance by the telegraph clerk for transmission.

. :
Erroneous Spelling.

If the consent of the Postmaster or clerk in charge be
obtained, errors in spelling which occur in the message may
be rectified before transmission by the telegraph clerk.

Indistinct Writing.

If a word is indistinctly written, it will be the duty of the
clerk to whom it is handed for transmission to write it
distinctly, after obtaining an explanation from the sender of
what was intended to be expressed by him.

Incapability of the Sender to write.

In a case of this nature, the telegraph clerk is authorised
to write the message at the dictation of the sender.

Telegrams of an Obscene, Abusive or Libellous Character

Ought not to be accepted for transmission; but the clerk
must not refuse to receive them before taking the instructions
of his superior officer, to whom he must submit them.

Figures and Ciphers.

An exception to the general rule, prohibiting the sig-
nalling of figures, is made in the case of certain messages
telegraphed on the Morse printing instrument, such, for
instance, a8 news or stock messages, and then only when
they are so written in the message. When figures are to be
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telegraphed as such, the figure code FI must precede and
the code IF must succeed them ; this is the course to be pur-
sued in respect of any figure or group of figures which occur
in a message. It may be observed that those codes should not
be introduced on the form, but only used by the instrument
clerk when signalling. Example: if 100 has to be tele-
graphed, first signal FI, then 100, then IF, but if the number
18 to be spelt, the words *‘ one hundred "’ will suffice.

Similarity of Signals.
‘WoRrps, THE SIGNALS FOR WHICH BEAR A RESEMBLANCE.

If great care is not observed in telegraphing by the Morse
printing instrument, the following words may be read for
each other :—

Boys for Boxes Into for Inch.
Calls ,, Calais. Seen ,, Scene.
Cash ,, Cases. Save ,, Have.
Found ,, Pound. ‘Wheat ,, What.
Give ,, Gave. will  ,, Well
Hall ,, Half, Your ,, Four.

‘Worps LiaBLE T0 BE MISTAXEN ror OTHERS IF NoT DisTINCTLY
‘WRITTEN,

Ale for All
Close ,, Clear.
Light ,, Eight.
Our ,, One.

Piece for Price.
Seventy ,, Twenty.
Sen :: Lend.

Inland Telegrams.—The Forwardsd Form.

The forwarded form is that on which the sender writes the
telegram for transmission. (8eé opposite.) It may be ob-
tained at postal telegraph offices, either unstamped or with
an embossed shilling stamp on it, the unstamped form is
marked A, and the stamped form bears the mark Al.

This telegram is precisely as tendered by the sender, and
the charge for it would be 1s. 6d. : the ten words in address,
and the five words (viz. ¢ best means, five shillings paid”), in
the instructions for delivery of the message, are telegraphed
free of charge. '

The only portion of the preceding form which the sender
supplies is the ¢ message,” commencing after the word
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“from.” The codes, time, and number of words are in-
serted by the clerk, and, with the exception of the time when
the forwarding of the message was completed, must be
supplemented before the signalling is commenced.

Preparation of ¢ Forwarded Form" for the Instrument.

The order to be observed by the counter clerk in eon-
nection with this form is indicated by the figures which
appear in parentheses against the various spaces in the
heading. He will—

1st. Count the words in the addresses, the message, and the instruc-
tions, and, having written down those of which each consists, add
them together.

2nd. Enter the charges.

3rd. How paid.

4th. Progressive number of telegraphic form : thus, the first mes-
sage sent would be numbered 1, the next 2, the next 8, and so on ;
those numbers are the progressive or consecutive numbers.

5th. Previous to making any additional remarks on this form, the
clerk must enter in the Forwarded Message Abstract Book, against a
number corresponding with the progressive number on the message
form, the surname of the sender, the destination of the message, and
_charges.

6th. The message prefix, which explains the class of telegram ; for
instance, if an ordinary message can be segt to the office of its desti-
nation direct the prefix would be 8, but if required to be transmitted
the letter X would explain as much.

7th. Time Code, or time received from sender.

8th. Signature of counter clerk.

9th. Timereceived at instrument. If the instrument room is distinct
from the counter the instrument clerk will write this when handed to
him by the counter clerk, but if the counter and instrument are at-
tended to by the same clerk he will supplement such particulars, and
complete, in the order which will be hereafter explained, the remarks
againet other portions in the heading of the form.

10th.* The time of completion of the signalling of the message.

11th.* The name of the place to which the message wase signalled.

12th.* The signature of the sending clerk.

The necessary preparations for the commencement of
operations being now matured (see opposite), the message
must be hung in front of the instrument, in order that it
may be read by the clerk as he signals it, word by word, and
letter by letter.

* The particulars against these Nos. are to be inserted after the
message has been telegraphed.
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Unskilful Clerks.

It is enjoined that sending clerks will not manipulate with
greater speed than will adapt itself to the capabilities of
receiving clerks who have not attained to a proficieney in
reading off the signals.

The ¢ Call” Signal.

Formerly, it was the practice to attract the attention of a
station by an alarum, when a message was to be forwarded ;
but, whether from the fact of its being too clamorous, or
from another cause, that mode of call has grown into desue-
tude, and the less noisy ome of working the needles a few
times backwards and forwards, is sometimes substituted for
it. By the postal telegraph arrangement, the system of
calling the attention of an office for which a message is des-
tined, or to be sent for transmission, is by signalling the code
of such office continuously until an intimation of your corre-
spondent there being prepared to receive your message is
given by him repeating the code. To illustrate this, we will
assume that the instrument clerk at Gloucester Docks (the
office code for which is GR) could telegraph direct to Trede-
gar (the office code for which is TR), he would signal the
Tredegar code, TR, and the Tredegar clerk would reply by
repeating TR, after which the clerk at Gloucester Docks
would telegraph the code of his own office, GR, and then
other particulars in the order observed below :—

. The message prefix (which in that case would be 8').
. Time code.

. Total number of words.

. Name and address of sender.

Name and address of the intended receiver.

. The code D Q.

Message.
. The code M M if there are any instructions.*
. Instructions as to disposal of the message.
10. The code P Q.
As it happens that Cardif—code CF—is the transmitting
. office through which telegrams from Gloucester Docks to

CRID o O0

* If there are no instructions as to the disposal of the telegram signal
. P Q (which indicates the end of the message) instead of ﬂ

Particulars must now be inserted against Noa. 10, 11, and 12, &t
the commencement of the printed heading of the message form.
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Tredegar should first pass, the telegram in question would -
be a transmitted one, and should consequently bear the
prefix X ; with that difference, the preparation of the for-
warded form would be precisely as if the message could be
signalled direct.

Transmitted Form B (see opposite).

~ When a message cannot be telegraphed direct from the
sendmg office to that of its destination, but has first to be
signalled to an intermediate office ; and thence. re-transmitted
to the latter, the intermediate oﬁice is called the transmlttmg
office, and the form on which the telegram is written by the
clerk, as received at such station, is called the transmitted
form. The prefix to transmitted messages is the code X.

This form, whxch is of a buff colour, differs from form C in
one respect, viz., in that the heading does not contain the
space for charges. After the message is received, the clerk
at the transmitting oflice,” which is in this exa.mple Cardiff,
signals to the office for which the message is intended (in
this instance Tredegar) in the same order as the original
sending station, the information contained in the heading
and the various sections of the telegram, and enters on the
first vacant line in the abstract of Transmitted Message Book,
the particulars expressed at the top of the respective columns
comprised in it. He then transeribes the consecutive No. to
the transmitted form, and enters the time of completion of
the transmission of the telegram against the words ¢ sent
at;"’ after that the name or code of station to which he
signalled it opposite the word ¢ To,” and finishes by affixing
his signature to the words ‘‘ By me."

Received Message Form C (pink paper).

Each postal telegraph office is supplied with what are
denominated ‘pads’ of received message forms gummed
together by the upper edges. Underneath each of the forms
C is a form imprinted, on which are lines for the two names
and addresses, and a space below for the message. Before
commencing to write the telegram, the receiving clerk has to
insert between the two forms a piece of carbonic paper,
whereby two impressions of the message are obtained simul-
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wously. The carbonic paper has to be so placed as not to
reach above the sender’s name; this is to prevent the re-
marks in the heading being duplicated ; the upper form is to
ne retained by the postal authorities as an office copy, and
the lower one is the one to be delivered to the addressee.

As the respective portions of the heading, addresses, mes-
sage, &c., are received, the receiving clerk must write them
with a black-lead pencil on the form C. After each word is
signalled, he must intimate to the sending clerk by the letter
T, if the signal is understood by him, and by the letter E if
it is. not understood. When the letter T is employed
the sending clerk will proceed to signal the next word, but
if the ‘“not understand ”’ signal E is given by the receiving
clerk, the sending clerk must repeat the word until the letter
T is signalled back to him.

The practice of giving the not understand code is not to be
dispensed with by inexperienced clerks, nor by clerks at
second-rate or sub-offices, but a discretionary power in refer-
ence. thereto may be exercised by the experienced instrument
clerks of important offices or circuits.

When an instrument clerk has not the assistance of a
copying clerk, he must write down each word before signal-
ling back the understand signal T.

The period or full stop should be read by the instrument
clerk as period, as the word stop is likely to be mistaken by
the writing clerk as ¢ stock,” and to be thus introduced on
the message form.

The affix D Q is not to be written on the form C. A stroke
thus —, instead of the code M M, must be written at the end
of the message if there are instructions as to the disposal of
it, and two strokes parallel with each other thus = must re-
present the code P Q to denote the completion of the tele-

gram.

Order of Filling up of Form C (see opposite).

The numbers which occur in the circle or ring against each
portion are explanatory of this ; for example :—

(1). Message prefix.
- (2). Time code.
* «(3). Total number of words,
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(4). Name and addvress of sender.

(6). Name and address of receiver.

(6). Message.

(7). — this stroke represents the code M M. There will be no

necessity for introducing it if there are no instructions given for the
disposal of the telegraphic dispatch.

(8). Inmstructions.
(9). = these strokes represent the code P Q, or completion of the

telegram, and must be written immediately after (6) if there are no
instructions. .

After proceeding thus far, the receiving clerk must count
the whole of the words in the telegram, and if the total
agrees with the statement of the sending clerk, he will signal
back the code R T and the name of the addressee, but if it
does not correspond, he will telegraph back the code R Q and
name of addressee, and then proceed according to instruc-
tions contained in the paragraph  Collating, or Repeating
back,” page 88.

When the receiving clerk has satisfied himself of the accu-
racy of the message he will enter—

(10). Time of completion of receipt of message.
(11). Code of the office from which the message is received.
Entries have now to be made on the first vacant line of

the Abstract of Received Message Book, the headings of
which are explanatory—

(12). Number on Form C to correspond with that prefixed to the
entry in Abstract Book.

The message may now be enclosed in an addressed
envelope and sent out for delivery.

(13). Time handed to messenger for delivery.

(14). The word delivery.

(15). Signature of clerk by whom sent out for delivery.

Interruptions.

It is only in the case of precedence of a message prefix that
interruptions to the transmission of messages are sanctioned,
as, for example, S B or X B.

Should two or more messages be handed in at two or
more sub-telegraph offices that are associated in the same
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circuit, the office which is in nearest proximity to the head
office has accorded to it the precedence; but no office is
allowed to interrupt another in the transmission of a message,
even though the time code of that one which isin the course
of being signalled be later than that of the office which requires
possession of the line. In such cases the office with the
earlier time code must keep a vigilant look out for the code
P Q, and avail himself of the earliest opportunity to claim his
turn. .

Quarrelling for the possession of the line is strictly for-
_ bidden, as more time may be thus lost than would be re-
quired for the transmission of the message.

Undue Preference.

Undue preference is not under any circumstances allowed.
All telegrams must be transmitted and delivered in the order
in which they are received. When two or more copies of
the same message are for different persons they must be de-
livered as nearly simultaneously as possible.

Priority.

The only telegrams to which priority in sending or de-
livery is accorded, are those on which the word ¢ priority "
is specially marked or stamped by the Secretary of State, the
Board of Trade, or other departments of Her Majesty’s
Government sending the same, and every message so
stamped or marked is retained by the Postmaster-General
for a period of not less than twelve calendar months from

" the date thereof. '

Messages emanating from the above sources which are not
stamped or marked ¢ Priority " are transmitted in consecu-
tive order, and treated in every respect as ordinary mes-
sages.

The Instrument Room.

The authority to allow a stranger to enter the above is
vested in the secretaries to the General Post Office only.
Nor must any one, even though possessing that authority, be
permitted to loiter near the instruments when they are at
work, nor to read the messages at hand ; nor must even a -

F
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post office clerk enter the room if business does not require
his presence there.

The instruments are to be kept clean, the dials of the
needle instruments must not be defaced nor the needles bent
or broken,

Interruption of Commiunication.

In the event of any sub-postal telegraph office being cut
off from communication by wire with its head office, the sub-
postmaster must explain the circumstance o the senders of
any messages which he may have on hand, and inform them
that on application to the secretary the money paid by them
will be refunded. He must also report the circumstance to
his head postmaster by the first post, and suspend the
further receipt of messages from the public until the com-
munication by wire is restored.

In the event of any head postal telegraph office being cut
off from communication by wire with all other head tele-
graph offices, but not cut off from communication with its
sub-offices, the postmaster must inform his sab-postmasters
of the circumstances, and warn them that they can send no
messages beyond his office until the communication is re-
stored. He must act in the manner above described with
regard to the messages in his hands, and must suspend the
further receipt of messages until the means of sending them
are restored to him. If the communication between his
office and other head offices is only partially interrupted, so
that he can send messages forward, though not by the route
which they would usually take, he must make the best ar-
rangements in his power for sending them forward. He will
in any case take the earliest possible means of informing the
central telegraph office that an interruption has taken place.

State of Wind and Weather.

The state of the wind and weather is reported by certain
offices to the central telegraph office at 8 A.m. daily.

Greenwich and Dublin Mean Time.

At 10 a.M. daily, Sundays excepted, Greenwich mean time
will be sent to every postal telegraph office in Great Britain,
and Dublin mean time will be sent to every postal telegraph
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station in Ireland. At two minutes to 10 o’clock all offices
must give special attention to their circuits. At that time
the signals representing T I will be sent from London or
Dublin, as the case may be, and the stations receiving these

. signals must at once repeat them to all the other circuits.
All work on the wires along which these signals pass must
be suspended from. 9.58 a.m. until 10 a.M., at which time
precisely the signals representing M E will be sent from
London or Dublin, as the case may be, to be in like manner

. repeated over all circuits. The sending of the signals for M
will represent the true time, and on the arrival of those
signals every clock is to be adjusted to 10 a.m.

Diary.
At 8 a.m. daily, an entry is to be made of the state of the

weather and the condition of the wires, as indicated by the
weakness or otherwise of the signals.

Irregularities in the working of the lines or failure of ap-
paratus.—Inattention, slow writing, or blundering on the part
of .corresponding offices are recorded in the Diary as they
happen. -

The postmaster reports to the central telegraph office daily
the cases of irregularity or interruption of communication
and defects of apparatus, and to the surveyor of his district
inattention, slowness, and blundering.

Anticipated Influx of Business,

In order that the postal telegraph department may take
proper steps to provide for any sudden increase of telegraphic
business on occasions of public interest, postmasters are, if
possible, to report to their surveyors, a fortnight in advance,
the date fixed for any important public proceeding.

Ruaces.

In reporting the dates fixed for races care should be taken
to state the distance of the racecourse from the nearest tele-
graphic office. A special staff, consisting of one controller,
two superintendents, five assistants, five first class and five
second class clerks, is attached to the postal telegraph
establishment, to provide for and act on extraordinary
occasions, such as races, agricultural shows, elections, and

F 2
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other cases of emergency that are likely to conduce to an
influx of business. In the year 1871 there were 140 race
meetings in various parts of the kingdom, and the business
occasioned thereat included 125,284 forwarded, and 86,845
received messages. The receipts therefrom amounted to
£7,649 2s. Td. ,

Out of Door Oficials,

Mail guards, mail-cart drivers, letter ‘carriers, and mes-
gengers observing any damage to posts, wires, or insulators,
are expected to report the same.

Collating, or Repeating Back.

To insure accuracy in the transmission and receipt of
messages, it is customary for the receiving station to signal
back, or, in telegraph phrase, collate all words and figures of
doubtful import, and for the sending clerk to insert the mark
O, and the receiving clerk the mark 4 underneath the col-
lated or repeated words.

The mode of drawing the attention of the sending clerk to
a supposed error, is for the receiving clerk to work the
needle, backwards and forwards two or three times, and
signal the code PE (which is synonymous to the words
¢ repeat from ), followed by the word preceding the doubtful
one. Suppose, for example, the  message to run thus: ¢ Can
you come here this evening?” and the receiving clerk is
uncertain as to, or cannot understand the third word, his

duty is to give the code “P E you,’ " and the sending station
~ will supply the word ‘“come,” and then proceed with the
other portion.

In the event of a doubt arising as to the correctness of a
word, after the completion of a telegram, the receiving clerk
must signal the code W A (which signifies *“ word after )
or W B (which means ¢ word before ”’) ; hence, in the same
example, the question would be asked thus—< W A you,”
or it might be W B here ; ”’ but where a plurality of words
require to be repeated, the receiving clerk would preface the
preceding and succeeding words by P F (which implies
¢‘ repeat from——to. ") ; consequently, if the portion of
the example ¢ here this” has to be repeated, he would tele-
graph ¢ P F come, evening.”
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If, after the receipt of a telegram, the receiving clerk
should upon computing find that there is a discrepancy in
the number of words, he must give the code R Q, followed
by the name of the addressee, to which he will add the
total number of words as counted by him, which, for example,
we will assume to be 89, and that the statement of the
sending clerk shows 41. We will also assume the latter
number to consist of 10 words in the addresses, 26 in the
message, and § in the instructions; the sending clerk should
therefore telegraph ¢ 10-26-5 ''—it will thus be momentarily
discovered whether the error is in the addresses, in the body
of the message, or in the instructions, and that section in
which it may occur must be signalled afresh. ,

If the total number of wordsreceived correspond with the
statement of the sending clerk, the receiving clerk will signal
back the letters R T, followed by the name of addressee
By a recent order, all figures in the address or body of a
telegram, except news messages, must be invariably
repeated back to the sending office.

The Funds and Share List.

This requires no explanation.

Date, 18
Consols for Money ......... sesuerans —_—
Ty Account....... Cibesanan o e —uma
3perCents. ........... T T —
Bank Stock ........... Ciieeens e m——
Exchequer Bills, large ... ivvvvuieen.. e
» 5 Small......... eenees —_————
Buckinghamshire ........o00vveinn
Caledonian ....oovvvevneviennnnnn.n, —_—
* Preference ..........000.0 . ———
Eastern Counties ...............0v0n —_—
Great Northern........covvvevneannas —
» O —_—
» » - 2
Great Western ....ovvvvviiennnnnnnss —_——
Midland ........... Sheestisaatenne v —
North Western
South Wales ......
‘West Midland .

Turkish Sixes ...... e rieiereeaeenas ———

» Fours ....,..... Cirersaeraees ———r—e
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Regulations affecting those Messages which cannot be
Delivered.

The addressee may decline to receive a telegram, the address
may be imperfect, or some other cause may operate to
prevent the delivery of a telegram. Insuch a case particulars
of the cause of non-delivery must constitute a service tele-
gram, code 8 U, tothe sending office, and the postmaster i
charge thereof will, by post, or earlier means as circumstances
may seem to require, inform the sender of the circumstance ;
the expense, if any, will have to be paid by the sender,
and a copy of the communication made to the sender must
be attached to the forwarded message form. The S U tele-
gram in a case of this nature should be in this style, PR (i.c.,
Postmaster) TR to PR, G R Jones G R to Bevan and
Pryce, T R cannot be delivered because * * * *

Abstracts.

These are franscripts of the Abstract Books, and are ren-
dered to the chief office daily.

Abstract Books. -

Messages should, at the period of sending or receiving, be
registered in the Forwarded or Received Message Abstract Book,
as the case may be. The accompanying examples are
intended to exhibit the daily account. It is eustomary to
““rule off " daily, to cast up the amounts which appear in
the respective columns as components of the day’s receipts,
&c., and to insert the totals immediately below the line which
occurs after the closing entries.

Counter Message Abstract Books.

These are the only Abstract Books in use at those offices
in which the counter and instruments are in the same room,
and are self-explanatory. (See Forms 1 and 2, opposite.)

Instrument Room Message Abstract Books.

When the counter and instrument are in distinct rooms,
the above form will be used by the counter clerk, and the
following will be used by the instrument clerk. The con-
secutive No., and the entries in the two succeeding columns

in the counter and instrument clerk’s books must corre-
spond.
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Messages passing through Shoots or the Pneumatic Tube. -

Special abstract books are used for telegrams passing
from the counter to the instrument room, or vice versi, by
means of a lift or shoot, and for those passing to or from
branch offices through the tube.

Railway Accounts.

At railway stations where postal telegraphic business is
authorised, a return (form 6) is made daily, either by post or
train, as arranged, to such head post office as the Postmaster-
General may order. The cash balance, and the forwarded
and received telegrams, have to accompany such return.

Accounts.

Returns (compiled from the ¢ Counter Abstract of Messages
Forwarded,” and ¢ Abstract of Messages Received and
amount paid out,” Books Nos. 1 and 2), and designated
respectively ¢ Account of Messages Forwarded " and ¢ Ac-
count of Charges collected on Received Messages,” are ren-
dered to the Central Postal Telegraph Office daily.

The hours of closing the telegraph account must be at
the same period daily, and the returns rendered once in
every twenty-four hours. :

In the return No. 8, must be inserted the consecutive
number of each forwarded telegram, and the cash or stamps
received in respect of it, the total number of messages for-
warded during the day, the total amount remitted on account
of receipts at railway offices at which telegraphic business
is authorised to be transacted on account of the Post-
master-General, and the total charges collected on account

of received messages as returned on form No. 7.

° The whole of the messages received are not enumerated
in detail in this return, but.merely those in respect of which
amounts are collected on delivery, but the total number of
messages entered in the margin must include every direct and
transmitted message.

" Messages on Irorms 4, A 1, B, and C.

These are arranged in numerical order, and made up into
three separate packets, and the daily returns folded round
them, and the whole enclosed with the postmaster’s other
returns.

Replies for which pre-payment was made by sender &re
pinned to the received message to which they refer.
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Messenger's Weekly Return.

This return, showing the consecutive No. of telegram, and
numbers of messenger’s tickets to which they respectively
refer, are rendered weekly to the postmaster, who has to
attach a voucher for payment to the account, in which he
takes credit for the sum he pays in respect of such por-
terage.

POST OFFICE TELEGRAPHS.
Account of Message Fees due to

Messenger No. .., for the week ended
Saturday, the. day of 187 .

No.of | No.of | No.of | No.of | No.of | No.of | Nooof | No.of
Message. | Ticket. | Message. | Ticket., Message.| Ticket. | Message.| Ticket.

i

|

Total No. of Tickets fortheWeek,} T

all being tied to this Account....
X F s d.

Cherseenaees +vs00.at one halfpenny each.

eesensenssserers. .8t three farthings ,,

teriessesanisaeseal one penny 2

£ | |

Examined, Dostmaster.

Received Payment ’

Signature of Messenger.






Bigiized by Goog[e



HANDBOOK OF THE TELEGRAPH. 111

RaiLway PrivaTe Messace Prerixes,
Codes. N - Their Signification.
CS .. Director's or Secretary’s message telegram.
D B .. Ordinary railway telegram.

D G .. Danger Telegram. Mecssages with this prefix have reference
to accidents, or contain instructions for their prevention.
The D G Code has the precedence of all others assigned
to it. 'When it is signalled, the transmission of other
messages is suspended. This is the only code which
authorises an interruption to the signalling of a message.
To insure accuracy it is repeated back by the receiving to
the sending station.

DL .. Ordinary transmitted message, and is used for those tele-
grams which are signalled to an intermediate station for
transmission to the station for which they are destined.

DS .. Engineer’s or Telegraph Superintendent’s Dispatch.  Tele-
grams with this prefix have the precedence next in order
to the Chairman’s. Such communications relate to the
occupancy’of the wires, &c., for repairs or other purposes
by the staff of the Engineer’s or Telegraph Superinten-
dent’s Department, members of which only are em-
powered to use it, except when clerks in charge have
special communications to make to the Engineer, Tele-
graph Superiptendent, or Secretary.

G 8 .. General Manager's message.
SP .. Special railway message.

S8R .. Message to be repeated. This prefix has the precedence of
all others except the C S, D &, and D S Codes.

TA .. Tr:,m reports used in signalling the arrival and departure of
rains.

" Railway Affives and Abbreviations.

The affixesand abbreviations, suchas AL, CQ, D Q, MM,
MQ,0Q,PQ, RQ, RT, and others, which do not refer to
money, are used as required in connection with the signalling
of railway telegrams.

Authorised Free Messages by Railicay Companies’ Private
Wirve Telegraph.

Railway companies are authorised by the Acts 81 & 82 Vie.,
to make arrangements from time to time with Coal and Iron
Masters and Traders generally, upon such companies’ system,
for the erection and working of private telegraphs, between
toal pits, iron works, factories, warehouses, and offices, in
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connexion with the stations of the companies respectively,
or over their line ; but such telegraphs shall be used for the
transaction of private business only, and no payment shall
be made or received in respect thereof, except by way
of annual rent or payment for way-leave and other
accommodation,

RAILWAY COMPANIES' FORMS, ETC.

The forms on which the telegrams are written which have
. reference to railway matters, and are addressed from one
railway official to another, differ from those in general use ;
it may, therefore be necessary to submit, for the information
of the reader, the pro forme which are peculiar to that
gervice. -

ForwWARDED MESSAGE.

[All messages must be distinctly written, and no abbreviations used
by the sender, who must enter the time at which he delivers them to
the clerk.]

. Newport Station. :
- Prefix, D B.* Code Time, K F.+ Number of words, 16.
: April 10, 1873.
Received, 10-30 a.m. Sent to Gloucester Station,

Finished, 10-33 ,, By me, J. Wirkes, Clerk.
§ R. Jonzs C. THOMAS
From { Newpo’rt Station, To { Gloucester Station.

Truck two six four arrived here unentered. Please furnish par-
ticulars.

Signature of sender, R. JoxEs.

RecEIVED MESSAGE.
Prefix, D B. Code time, K F. Number of words, 16.

Code of Sta-| Code of Sta- : .
t%ﬁnl{rglx]n Receipt | Signature of wl'iii?:'l'l ?llle silo‘;?‘;sx'n‘tli;e of &hgnn:g{t?lng
L‘Ives:aue i: finished. | Receiving Clerk. Message is sent out for Clerk ot
received, transmitteq. | delivery- Messenger.
T. Brown
NP 10-33a.m. 10°34 a.m. | J. Williams

. * D B signifies Railway Message.
+ K F, 1030, the time received from sendet:
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The following‘ message forwarded from Newport Station received at
Gloucester Station April 10, 1873 :—

R. JoxEs C. THoMAS
From { Newpo’rt Station. To Gloucestor Station.

Truck two six four arrived here vnentered. Please furnish par-

ticulars.
Receiver’s initials, C. T. Time received, 1035 a.m.

~ Lydney Station.
TrAN SieNAL Book,

For registering the time of departure, &c., of Trains.
April 10, 1873,

. - Signalled, i.e., Tele-
¢ Train. Time of| Time graphed,

~————————————| Depar- |reported Remarks.
Date of. | Description, | ture- [tooffice.| myp o iTowlmtStation.

40 Goods 54 55 510 | Chepstow
610 | Passenger 85 810 8:12 |-Gloucester
70 » 90! 91 93 | Newnham
830 5 930 932 9:34 | Neath
1.0 | Goods 10 | 111 | 1.3 | Liandore
12.0 ” 10 15 1'6 | Magor

I i

The date of train means the time at which the train is
appointed to commence its journey.

The code T A is the prefix for train reports.

It is the practice for the clerk in charge of the instruments
at a station, to render to his superintendent a periodical
report of the state of the instruments and batteries, and
another of the signals, and to point out the nature of the
defects, if any. (See opposite.)

RAILWAY TRAIN TELEGRAPH.

Block or Signal Telegraphs.

Between certain stations there are telegraphs which are
exclusively devoted to the guidance of the officials in the
despatch of trains. These denote if the line is clear or
otherwise, and are termed
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Block Instruments.

Railways on which the Block Instrument is in operation
are divided into sections or crossing stations, and the transit
or otherwise of the trains is regulated by the instrument;
hence, at terminal stations one only, and at intermediate
crossing stations two are in use, one of .which is connected
with the next up crossing station, and the other witlr the
next down crossing station. Inillustration of these remarks,
we will assume the Sirhowy Railway crossing stations to
consist of Tredegar, lilackwood, and Tredegar Junction,
and the terminal stations to be Nantybwch and Quarry
Mawr : the number of instruments and their ¢connection would
be in accordance with the following table :—

) [ " Number of | One Instrument | Another Instrument
\ Stations. Instruments | being in tion | Leing in tion
in operation. with that at with that at
Nantybwch i 1 Tredegar
Tredegar | 2 Nantybwch Blackwood
Blackwood | 2 - TredegarJunction/Tredegar
Tredegard unction’ 2 |Blackwood Quarry Mawr
Quarry Mawr 1 TredegarJunction

Block or Train Signalling Telegraph.

This, as do most of the block instruments, resembles in
shape the single needle alphabet instrument. One half of
the disc, that on the left, is of a white colour ; and the other
half, that on the right side, is painted red.

These colours are appropriate, as on railways white is
used to denote ¢ all right,” and red is significant of danger.

On the white half of the disc of the instrument occur the
words, ‘ Is line clear?”’ Then a line Then
the monosyllable ‘¢ Yes."” R

The red half bears the words, ¢ Train on Iine ?”* Then a
line of division ——————— Then the monosyllable ¢ No.” -

The needle is fixed between the two halves of the dise, and
is moved steadily to and fro to attract the attention of the

\
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station in the direction of which the train is required to be
started ; and that station will repeat the movements to indi-
cate that the signal is observed there. The first station will
then give three beats of the needle to the left ;* these beats |
. are understood precisely as the inquiry, *Is line clear? "
If it is clear, the contemporary station will signal back three
beats in the same direction, which mean ¢ Yes.”

If it is a goods train the first station will give five beats of

the needle ; and, if a passenger train, three beats to the right.
Theso beats are of synonymous import to the words, ¢ Train
will start ;’ and the second station will then prevent further
communication from the former by directing the upper point
of the needle to the red side of the disc, on which are the
words ¢ Train on line,” and placing a peg in the handle.
This is called blocking the needle. :
The train is then started, and on its arrival the peg is re-
moved from the handle of the instrument ; the second station



116 HANDBOOK OF THE TELEGRAPH.

gives one beat of the needle to the left, and the first station
repeats the signal. -

If the line should be obstructed, or not clear when the
inquiry ¢ Is line clear?" is made, the second station, or
station of which the inquiry is made, will give eight beats to
the right, which means ‘ No ; a train on line.”

There are in use on different railways other desecrip-
tions of block telegraph instruments, for the prevention of
collisions, and amongst them those referred to below :—

No. 1. No. 2.
SAUNDERS' PATENT BLOCK INSTRUMENT.

This important improvement in the block system of
telegraphing, is the invention of Mr. J. B. Saunders, tele-
graph contractor, of Taunton.

The frequent reference made to the ¢ blook system " has
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familiarised the public with the term, and the advocacy of it
by Government inspectors of railways. Railway managers
and others, who are supposed to be best acquainted with its
advantages, seem to have so closely and inseparably
identified its adoption with safety in railway travelling, that.
any invention conducing to render it more perfect must be
hailed with general satisfaction. The apparatus now under
consideration is one of such improvements, and therefore
appears to claim for itself a full description in these pages ;
the leading feature of it is an arrangement whereby a
movable disc is made to indicate the direction whence &
train is approaching, hence the contingency of the tele-

OOwWN
X TRAIN
ON LINE

\ No. 4.

graphist erroneously signalling an up for a down train,
or vice versa, is obviated by its use.

The engraving, numbered 1, represents the instrument
a8 blocked for a down train; the second engraving repre-
sents the instrument in its normal state; the third
engraving is a side elevation of the disc and apparatus
connected “therewith, whilst the front elevation of the disc,
lever, &c., is represented in the fourth engraving.

The modus operandi observed in blocking the line by this
invention consists in inserting the pin (f) in the axle so far
as to make the end of the pin to press against the end of the
lever (¢), which is thereby depressed, whilst it at the same
time throws up the lever (b) and disc («) to the positions

AP~
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shown in the first engraving, and from which it is impossibl.
to remove it until the pin (f) is withdrawn, when the spring
(9) draws the lever (b), and with it the disc (a), behind the
screen, or in other words, from the posutlon represented in
- the first to that in the second engraving.

Tyer's Train Signalling Telegraphs.

. The pointers or needles in each section of the dial are
of distinet colours, viz., black and red ; the positions of the
black are influenced by the operator at the station only

which is in communication with yours; whilst the move-

ments of the red are regulated by you, and indicate the
signal transmitted from your station. The indicators are
influenced by an Electro-Magnetic Apparatus. Inscribed on
the dial are the words ¢ train on line” and ¢ line clear.”
Underneath the dial are two plungers on which the same
words occur. By pressing in the plunger marked ¢ train on
line,” the red indicator is made to point to the correspond-
ing words on the dial as represented in the diagram, and the
dial of your correspondent’s station is simultaneously made
to exhibit a like signal. When it is required to change the
signal to ¢ line clear” the plunger bearing that inscription
is pressed in, and the indicator on the dials at both stations
is made to point to “line clear.” To this description of
instrument belong a bell and gong, the application of both
of which is explained in the following codes :— .

CopE FoR BELL.

1 Beat—To call attention for an up train.

1 Beat—Acknowledgment of signal of down train.

2 Beats—Indicate the despatch of an up passenger train.

3 Beats—Indicate the despatch of an up goods or mineral train.

Cope ror Gong,
Beat—To call attention for a down train,
1 Beat—Acknowledgment of signal of up train.
2 Beats—Indicale the despatch of a down passenger train.
3 Beats—Indicate the despatch of a down goods or mineral train.
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CopE ror GoNG or BELL.

§ Beats—Denote an obstruction
on the line, and should be
given after the signal “up
or down train on line.”

5 Beats—Acknowledgment of
above signal,

6 Beati-—-Signifﬁ that theinstru-
ments are being tested.

6 Beatse—Acknowledgment of
above signal.

7 Beats—Special code, or ac-
kggwledgment of special
code.

8 Beats—Cancelling signal, or
acknowledgment of cancel-
ling signal.

The latter code is em.
ployed in cases in which
a signal has been errone-
ously given—and therefore
requires to be cancelled—a
corresponding number of
beats is required for this
signal and the acknowledg-
ment of its receipt.

The signals, ¢ train on
line,” or line clear,” have
reference to that portion of
the line only between the
two stations sending or re-
ceiving them. The regu-
lations to be observed are—

1. Supposing that an up
passenger train is due to
start from station A to sta-
tion B, and the latter has
telegraphed ¢¢ line clear”
(but not otherwise), the
train may be despatched.
A has now, without a mo-
ment’s delay, to communicate with B by two strokes on

A
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the bell at the latter station; and the duty of B will then
be to acknowledge, by sounding the gong at A once, and
instantly telegraphing back, ¢‘ up train on line.” When the
train has passed the station B, B must reverse the signal
to ““up line clear.” If it be an up goods or mineral train,
three notes must be intoned on the bell at station B, and
the subsequent course of procedure will be as for an up pas-
senger train.

2. In telegraphing down trains, the gong instead of the
bell must be sounded at station B; and B must acknowledge
receipt of such signal by striking the bell once at station A,
and then telegraphing ¢ down train on line.” When the
train has passed, he must reverse the signal to ‘ down line
clear.” No signal is considered to have been received until
its receipt has been acknowledged.

8. The receiver of a signal cannot alter it; the sender
alone is enabled to reverse it. .

4. The signal once given remains fixed until the next signal
be sent, and can therefore be referred to at any moment,

Special Code.

In the event of a signal-man observing anything unusual
to a train, during its passage in front of his signal hut, such
as goods falling off, a truck on fire, a broken axle, the
coupling of chains parted, &ec. (and it being very desirable
and important to stop such train at the next station), he is
to call the attention of thé signal-man in advance, and notify
to him that something is wrong with the approaching train,
by sounding his bell or gong seven times. The signal-man
receiving this special signal will reply by giving seven beats
in return, and immediately hoist his distant signal and stop
the approaching train.

Spagnoletti's Disc Telegraph Instrument.

This instrument consists of a plain green dial, with black
in it ; behind this dial are two discs, one white with a hole,
letters upon it, in large type, ¢ line clear,” and the other is
red, with the words ¢ train on line " in white letters on it.
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These discs are so arranged that when the instrument is not
in use, only balf of each is seen through the hole in the
green dial. :
The colours white and red correspond with the signals and
lights, representing All Right, and Danger.
. The instrument is worked by two keys, one for each disc,
and labelled the same as the dises, so that by pressing down

the white key, labelled ¢line clear,” the white dise, ‘line
cléar,” appears in the hole of the green dial, and on pressing
down the red key, labelled ¢ train online,” the red disc, with
¢ train on line,” appears in the hole of the green dial ; thus,
one signal only, and the one intended to be shown, can be
seen ; hence no confusion or doubts can arise, the dial being
green, and the discs red and white, by the contrast of colour,
a clear and unmistakable signal is obtained. . -
e
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- Either of the keys can be pegged down by a pin, which
passes- through-an eye, -by the side of-each -key, so that
either signal can be kept on as long as necessary. - -These.
instruments -are so constructed, that whichever signal- is
given at the station, the same must show at the one to-
which it -is sent; and when a signal is given, and the key

pegge:l down, it cannot be reversed from the end to which it
is sent. :

This instrument also registers the gradual exhaustion of
the battery, so that the battery can be attended to before it
becomes too weak to perform its work.

. Asingle striking bell is worked in connection with this
mstrumqnt, separately, or attached to the instrument ; if the
former, it has a koy of its own; if the latter, on either of

{

A
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the keys -of the instrument being pressed down, the signal is
shownr, with a sinmultaneous stroke of the bell, so' that by
having a codeof the number of the beats on the bell, a cor-
roboration is given to the signals shown by the discs.

. 1st. This instrument can be worked on two systems, on
that which is ealled the Permanent Block, so as to show the
constant condition of the line, whether clear or blocked.

2nd. On that which is called the Block System, by asking
if the line is clear, and blocking only during the time a train
is on tho section so worked.

The first system is better suited for overcrowded double
lines, and when the instrument is thus worked, any defect in
it or in the line wire, is immediately registered by the discs,
and showing half red half white in the hole in the green dial,
so that directly the defect occurs, it is immediately shown
at both ends.

Russell’s Patent Eleetric Semaphore.

A very ingenious block - telegraph, termed Russell’s
Patent Electric Semaphore Block Signalling Instrument, is
the invention of Mr. F. Russell of Gracechurch Street. The
reader who has seen the semaphore signals in use on
railways will not fail to perceive how exactly the idea is
identified with the elevated parts of this invention, and the
same characteristic must conduce to familiarise the railway
official with its operations. There are, in fact, the post,
the arms, and the sheath, and the position of the arms is
regulated and the colours (white and red) selected to
assimilate them with the railway semaphore signals. ‘When
the arm is made to project from the post in horizontal
position, it indicates that the line is obstructed or blocked ;
wherea.s, on the contrary, to represent ‘“ all right,” or that
the line is ¢ clear,” the arm is lowered so as to be concealed
within the sheath. If necessary, discs and cross bars may
be substituted for the semaphore arms.

The case on which the post is fixed, encloses the electric
apparatus, the battery current in connection with the line
wire is thrown by a spring lever which works in a quadrant
that is situated on the case. The alarum, or bell, has its
locale in the under part of the case; the arms remain at
¢ clear " during the flow of the current from the battery;

¢ 2
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but simulianeously with the flow of the current, they assume
their normal or horizontal position. The whole of the
apparatus being in equilibrium, the arms fly to.danger
immediately the line wire sustains rupture. When noces-

4

sary, as at railway junctions, additional arms or posts may
be employed, and a locking arrangement used in connection
with the lever. The signals and bells for both up and down
lines require but one battery.

Russell’s Electric Repeating Signal.

The importance of this invention cannot fail to be appre-
ciated by the railway official, for whose use it is especially

-~
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designed. For the information of those of our readers who
have not been initiated into railway operations, it may be
observed, that in addition to what 1s termed the ‘“home”
or station signals, railway stations are respectively protected
in each direction, .e., up and down the line, by a ¢ distant
signal,” which is, according to circumstances, situated at
distances varying from 200 to 1,000 yards and upwards from
the station in which it works in connection, dme regard
being had in the selection of the site to the nature of the
gradients, perspective, and other ruling causes.

It is to be understood that distant signals are intended to
be fixed in such sites as to be seen at a sufficient distance
- by the driver of an approaching train, to enable him, when
the arm is extended, to gradually reduce the speed of his
engine, to bring it to a stand at such site. Now it not
unfrequently happens thal the radii of curves or other
causes interfere to prevent the man in charge of a distant
signal having a view of it. In such.cases, railway regula- -
tions provide that an intermediate signal be erected within
sight of the signalman, which is an exact counterpart of the
former, and is termed an auxiliary or repeater, the latter
appellation being derived from its object, which is to repre-
sent exactly the motions indicated by the distant signal—
the uniformity of the movements of the two signals being
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produced by the wire working on a wheel (affixed to the
distant signal) and extending backwards to the repeater, to
which it is connected. By this contrivance the repeater is
intended to make manifest to the signalman the position of
the distant signal.

The ‘¢ Electric Repeater,” which is the invention of Mr.
Russell, of Talbot Court, Gracechurch 8 treet, is less costly
“in material and labour of fixing, &c., than the repeater just
described, and as it is reliable inasmuch as the eonstruction
of the apparatus prevents liability to derangement from
lightning, a knowledge of its advantages will doubtless
insure for it a very widespread adoption.

The locale of the ¢ Electric Repeater” being the
signalman’s cabin, the signalman has indicated to him by
the repeater, simultaneously with his raising or depressing
the lever, the exact inclination of the distant arm, dise, or

‘cross bar, as whichever mode of line signalling is in
operation, a corresponding miniature is employed as the
repeater. A telegraph wire is used to connect the repeater
with the distant signal. If an accident happens to the
distant signal or to the telegraph wire, the man in charge is
made cognisant of the occurrence by the repeater imine-
diately indicating danger.

Telegraph (Train) Pass.

Previous to the starting of a train, in respect of which
the ‘¢ Line Clear ”’ signal has been received, a pass must be
handed to the engine driver as his authority for proceeding
with the train, this pass he will deliver up to the person in
charge of the destined station on his reaching it. '
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A record of the respective trains which have been started
in accordance with the Block Instrument principle is kept in

Tue Lixg CLEAR Boox.

. TRAINS.
day day of 187
Station.
1 2 3 4 b5 [}
- Time, |Time of De-, Time, :
thlcrh;- rtul;e of
on o in from [—gi——=——| Signalman’s
lled gn
Tran. (“Gave Line s,l—fi::[ of Initials. REMARXS.
Clear. Train. .
H. M. | H. M. | H. M -
”» ” » i
1 ” ”»
” ”» »
” I ”
bE » 22
» ” ki)
” b2 bR}
|
» ” i ”
|

iR " kR )
” i N : » | i
M t |
" ”» "

In No. 1 column, say whether Mineral, Goods, or ’assenger I'rain,

Columns Nos. 2 and 3; the heading of these is self-explanatory.

Column 4 ; insert the time that Station B reverses the signal to
¢line clear.” .

Column 6 ; the Clerk at Station A has to insert his initials in this
column, -

* State here whether Up or Down ‘Lrains.



HANDBOOK OF THE TELEGRAPH. 129

Train Telegraph Wire.

Between certain points on some railways two wires are
affixed below the ordinary telegraph wires to the poles, the
one being on the right, and the other on the left side of them ;
one of these wires being identified with the up and the other
with the down line. When a train is disabled ‘between
stations, and the up line is obstructed in consequence, the
guard or engineman has to walk to the nearest telegraph
post, where he breaks the loop of the up wire. Instantly the
next up station is thereby informed of the up line being
obstructed ; butif, on the contrary, the mishap should occur
on the down line, the loop of the down wire must be broken,
and an intimation of the obstruction is thereby conveyed to
the next down station.

When the train is able to proceed on its journey, the
guard or engineman, as it may be, has to repzur the loop by
twisting the pieces of broken wire. .

Pos1 A8 FIXED ON Up SipE oF LixE,

Railway Signals.

On the Midland Railway js a signal which consists of a
clook with a face four feet in diameter. It is fixed on the
“top. of a column fifteen feet high. Only a quarter of the

¢ 8 :
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clock is shown. It is of ground glass, the figures on it—
viz., 0, 5, 10, 15, are red. Attached to the clock is a
long rod, connected with a traddle sixteen feet long, which
lies ‘along the inside of one of the rails. On the train
passing over the traddle, it is depressed slightly by the
wheel flange, and the clock hand is set at liberty, and is
so adjusted by a counterpoise that it turns to the figure 0.
Immediately the train has passed over, the hand begins again
to mark the time up to 15 minutes, when it is stopped,
thus indicating to the next train exactly how long up to
fifteen minutes the preceding train has passed the signal. The
same clock works two faces—one for the up and one fer the
down line. The signal is illuminated at night.

.OFFENCES—THEIR PUNISHMEN'T.
IMrrorERLY DiIscLOSING OR INTERCEPTING TELEGRANS.

Any person having official dutics connected with the Post Office,
or acting on behalf of the Postmaster-General, who shall, contrary to
his duty, disclose or in any way make known or intercept the con-
tents or any part of the contents of any telegraphic message, or any
messago entrusted to the Postmaster-General for the purpose of trans-
mission, shall, in England and Ireland, be guilty of a misdemeanour,
and in Scotland of a crime and offence, and shall upon conviction be
subject to imprisonment for a term not exceeding twelve calendar
months ; and the Postmaster-General shall make regulations to carry
out the intentions of this section, and to prevent the improper use by
any person in his employment, or acting on his behalf, of any know-
ledge he may acquire of the contents of any tclegraphic message.
31 & 32 Vic,, cap. 110.

IrLEcAL TrRANsMIssION or DELIVERY oF TELEGRAMS.

Any company, corporation, or person who transmits, or aids or is
concerncd in transmitting, any telegram in contravention of the cx-
clusive privilege conferred on the Postmaster-General by this Act,
or who receives, collects, or delivers any telegram in contravention of
such privilege, or aids or js concerned in the receipt, collection, or
delivery of such telegram in contravention of such privilege, shall,
on summary conviction, be liable for every such offence to a penalt
not exceeding £5,.or where any person -offending against this Act 1s
a servant, or hired to do the act complained of, the master or other
person employing such servant shall be subject to a like penalty. 32
& 33 Vic., cap. 73. :

If any person in the service of the Postmaster-General shall w:i]fnl]y
or negligently omit of delay to transmit or deliver any mestage or
signal ;- “or shall- wilfully or negligently do gnything whereby the
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- transmission or delivery of any message or signal shall not take place,
or shall be delayed or prevented; or shall wilfully or negligently
omit to do or perform any act or thing, by reason whereof any message
or signal shall not be transmitted or delivered, or shall be delayed in
its transmission or delivery; or shall improperly divulge the purport
of any such message or signal to any person, shall, for every such
offence, forfeit a sum of money not exceeding £20.

If any person shall wilfully remove, destroy, damage, or obstruct
the working of any electric telegragh which shall or may have been
lawfully erected, or any wire, standard, apparatus, or other "part of
any such telegraph, or any works connected therewith, he shall be
guilty of a misdemeanour,

If any person shall wilfully or negligently break, throw down,
damage, destroy, or injure any such telegraph, or any wire, standard
apparatus, or other part of any such telegraph, or any of the works,
connected therewith, and shall not inake sufficient satisfaction for the
damage thereby done them, it shall be lawful for the Postmaster-
General to recover such damages from the person so offending as any
two justices shall think reasonable. .

‘With respect to offenders whose names or residences are not known,
be it enacted that any officer or servant of the Postmaster-General, or
any constable or sérvant of any railway company: along or near {o
whose railway the telegraph, or any of the apparatus thereof, shall or
may be erected or placed, or any other constable, and all persons
called by any such officer, servant, or constable as aforesaid, to his
assistance, shall or may seize and detain any person who shall or may,
in the Sresenc,e of such officer, have wilfully broken, injured, or ob-
structed the working of the telegraph of or belonging to the Post-
master-General, or any of the wires, standards, instruments, apparatus,
or other parts of any suck telegraph, and whose name or residence
shall be unknown to such officer, servant, or constable, and shall or
may carry such offender, with all convenient speed, before some Jus-
tice, without any warrant or other authority than this Act; and such
- Justice shall proceed, with all convenient speed, to the hearing and
disposing of the complaint which may be preferred against such
offender. 16 & 17 Vic., cap. 203.

USEFUL HINTS.

These hints, which constituted a portion of the regulations
issued by the Electric Telegraph Company to telegraphists,
may be advantageously quoted here.

Daily Inspection of Instruments and Batteries.

The Telegraph Agents must each morning examine their
instruments and batteries, and call the proper officer’s im-
mediate attention to any defect.
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The Magnet

Will lose its power if not with its own keeper, therefore
do not keep them separate.

Magnetising.

To magnetise a needle, lay the marked cnd of the needle
on the unmarked end of the magnet, and the unmarked end of
the needle on the marked end of the magnet, and rub them
together.

When the dials or coils are taken out for magnetising, care
must be taken to connect across the two terminals of the
coil removed by the brass bar provided for that purpose, or by
a piece of clean copper wire, 8o that the other stations may
not be interrupted by the circuit being broken.

Care must be taken to avoid bending the needle axles, or
breaking the plvots, and when the coil is replaced the bare
part of the wire must be screwed under the terminals,

Opposite Movement of Needles and Handles.

When the instrument is worked after a storm, if the
needles move in a direction opposite to that of the handles,
their reversal is attributable to lightning, and remagnetising

is requisite. :

Handles not to be touched unnecessarly.

The handles-of the instrument must not be touched, unless
for the purpose of communicating with a station. Great care
must bo taken to loavo the handles upright, and not to touch

thcm when signals arc passing between other offices.

Defects in Wires or Batteries.

When the communication is interrupted, the apparatus
should be carefully examined. If you cannot move your
needles when the instrument is put on short circuit by con
necting the line terminals by a key or wire, it is probable
the battery wires are broken or that a plate is faulty. In
the latter case connect the defective battery across by a wire
from terminal to terminal without disturbing the othér con-
nections. If a wire be loose ot broken, replace it.
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Wires Damaged, or requiring temporary support.

Each agent should do his best to repair temporarily any
damage that may arise to the wires, at or near his station.
Wires must be kept from touching each other ‘and from
resting on metal, wet stone, or wet wood. Should the wires
require support, dry wood will answer the purpose.

Wires to be kept Clean.

Boughs of trees, or waste, or rubbish that may be hanging
on the wires, should be removed, and if the wires are twisted
they should be separated.

Telegraph Domestic Dells.

Where these are employed, a stud or button made of
porcelain, ivory, or any other suitable material is fixed in,
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or projects from, the wall of the bed-room, drawing-room,
or other apartment, and by a slight pressure of it a bell is
rang, and the indicator, which stands in the hall or some
other place accessible to those whose attention is reguired,
is simultaneously made to show the number of the apart-

ment whence the summons emanates. The bell is sus-
pended over the indicator.

It will be observed that No. 4 is represented on one of
the tablets of the indicator, thereby showing that the
presence of the attendant is required in the apartment also
bearing that number. When necessary, a name may be
employed instead of a number: for instance, if the indicator
be in an office, and -the bell be rang by the principal, who

requires the attendance in his sanctum of a particular clerk, -

he would manipulate with the stud which would aet upon
the tablet bearing the official’s name, the bell is sounded,
and, presto, the name is immediately in view. A small wire
is used as a conductor, and this, with the addition of a
battery, which rarely (in some instances say about annually)
requires attention.

There are a variety of batteries used in conjunction with
the telegraph domestic bells, and amongst them those
represented in the following plates.
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THE LECLANCHE BATTERY.

SULPHATE BATTERY,

13

9]
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TELEGRAPHIC SPATISTICS.

In 1872, the United States were connected with the
majority of the West Indian Islands, and thence with South
Al.l;erica, to effect which, the length of cable used was 8,600
miles, ‘

In the year 1871, upwards of 89,000,000 of telegrams
were examined in the telegraph message branch.

The total extent of telegraph line in the four colonies of
South Australia, Victoria, New South Wales, and Queens-
land (in the year 1868), was 6,607 miles; the number of
messages transmitted annually upwards of 401,685, and the
annual receipts amounted to £78,261.

In Europe it is calculated that there are now about 100,000
miles of line in use, and about 50,000 miles in the North
American States. India, in 1860, possessed 11,000 miles of
wire, with 186 offices. In Australia, there are between
4,000 and 5,000 miles in use.

In Great Britain, the Electric and International, and Irish
Magnetic Companies alone owned nearly 11,000 miles of
line and 50,000 miles of wire, and employed 8,000 skilled
clerks. In 1850 but little more than 7,000 miles of wire had
been erected.

Messages were transmitted, per Bonelli’s telegraphic appa-
ratus, between Liverpool and Manchester, with remarkable
. accuracy, at the rate of over 400 words per minute.

It is estimated that 28,000 persons are engaged in Peru
in obtaining india-rubber to supply the foreign demand.

The telegraphic station at Iakoutsk, on the route to China,
has been opcned, the distance from St. Petersburg being
5,700 wversts. Messages, which formerly took twenty-three
days by post, will now reach that point in eight hours.

The Peruvian Government has determined to construct a
network of telegraphy over the whole of its territory, con-
sisting of 480,000 square miles.

The proportion of telegrams to letters in the United King-
dom has varied in the following ratio :—

1860 .. . 1 telegram to 296 letters
1863 . S " 197
1866 .. .. 1 ” 121,
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The number of telegrams transmitted by the Electric and
International Telegraph Company in one year was between
three and four millions.

The Electric (the first) Telegraph Company commenced
operations with the following tariff of charges for telegrams
of 20, or less, words, addresses included : —

d.

For dnstauces not exceeding 50 miles ., per mile 1
ditto 100 ,, e »
ditto exceeding 100 ,, . "

EsTiMATED ANNUAL REVENUR DERIVED TO THE PosT OFFICE FROM
. TELEGRAPH BUSINESS i—

£
In respect of private telegrams .. . .. 925,000
» press .. . . .. . 47,420
s rents and private and special wires 48,790
Total e e 1,021,210
Expenses .. e s e e . .. 669,990
Net Revenue. . .. £361,220

The length of wire in operation between the postal miles.
telegraph stations is equal to . 88,408
Private wires rented by the Post Office to press
and anabe individuals for use between the
estsb ishments of the renters .. 4,311
of wires maintained by railway compames
for the Postmaster-General at the rate of £1 per

mile per annum ., 43,000
Length of wires on raﬂways mamtamed by tho
Postmaster-General . 45,000
— 175,719
The postal telegraph offices number o 3,291
The railway companies’ offices at which messages are
transmitted on behalf of the Post Office are .. 1,807

5,008

It has been found, by careful examination, that telegrams
sent in the year 1872, would, under the old tariff have been
subjected to an additional charge to the senders of upwards
of £400,000.

Submarine cables exceeding 850 miles in extent are in
operation in connection with different branches of the postal
establishment.

During the year ending March 81, 1872, upwards of



138 HANDBOOK OF THE TELEGRAPH.

12,478,796 telegrams were transmitted through the postal
telegraph system, and it is estimated that the number in
the current year will be 16,120,000.

The number of oﬂicmls connected with the Central
Telegraph Office, London, is 1358.

The telegrams originating at the following places, viz.,—
Belfast, Birmingham, Bristol, Dublin, Edinburgh, Glasgow,
Hull, Leeds, Liverpool, London, Manchester, and Newcastle,
are equivalent to 48 per cent. of the entire number of
telegrams transmitted from the whole of the United
Kingdom.

£
Tstimated receipts of telegrams sent by railway wire o 64,000
Cost to Gavernment, about 41d. per telegram, or .. ‘e 20,000

Telegrams forwarded by the postal and . railway wires on
behalf of the Postmaster General, are in the proportion of
93 per cent. by the former, and 7 per cent. by the latter.

It is estimated that the telegrams sent by the postal

telegraph wires cost 11d. each transmission.

Comparative Statements.
Average

Superficial number of

Population. cs"':mg‘ %:m Telegrams

miles. W;’&gfm ‘
The United Kingdom 29,500,000 122,000 6,127,000 51
Belgium . .. 5,000,000 11,313 692,536 61
- Switzerland .. .. 2,534,000 15,233 668,916 44
In Great Britain the greatest distance over whxch a .
telegram can be signalled is . e 900 miles.
In Belgium . .. . . e .. 160 ,,
In Switzerland .. . .. .. .. .. 200 ,,
In France .. .. . .. . . . 600 ,,
In Prussia.. . .. .. N .. .. 6500 ,,

Axount or Purcmase By ToE Govervment oF Terecrarn CoM-
PANIES INTERESTS IN THEIR LResprcTive UNDERTAKINGS. -

£ s d.

The Electric and International Telegraph Company 2,938,826 9 0

‘The British and Irish Magnetic Telegraph Company 1, 243 536 0 0

Reuter’s Telegram Company .. 7 26 000 0 O
The United Kingdom Electno Tele &raph Compa.ny 562 264 9 11
The Universal Private Telegraph Company . . 184,421 10 0

The London and Provincial Telegraph Company .. 60,000.0 0

. £5,715,048 "8.11
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DUPLEX WORKING.

Considerable improvements have recently becn effected in
what is termed ¢ Duplex’ telegraphy, by means of which
system two telegrams can-be simultaneously transmitted by
a single wire from opposite directions, as for example from
Cardiff to Bristol, and vice versa. The idea originated with
Dr. Gink, of Vienna, in 1854, but many improvements were
made upon his plan to render it practicable. In those days
(1854—6) the wires were too imperfectly insulated and the
lines too indifferently constructed to guarantee perfection in
the working of the system; however, those difficulties have
yielded®to talent and energy, so that at the present time the
extraordinary principle we have alluded to, and which was
at one time deemed impracticable, is in successful operation
between many of the busy centres of the Postal Telegraph
Department. Three plans of Duplex telegraphy are re-
cognised, namely that of Siemen’s and Frischen (1855), that
of Preece (1855), and that of Stearns (1872). The peculia-
rity of the first is that the relay is wound with two wires,
which are so arranged that the current going through one
wire neutralizes the effect of that going through another
wire ; the line current divides, half going through one wire
and half through the other. In the second plan (Preece’s)
two relays are used, which by acting on one tongue in
opposite directions, neutralizes each other’s effects, whilst
in Stearns’s plan & Wheatstone bridge is employed, the instru-
ments not being specially prepared ; but Stearns has made a
very material improvement by adding a condenser, so as to
compensate for the electrostatic capacity of the line. In
the whole of these plans the outgoing currents do not affect
the instruments, but rather leave them open to be operated
upon by the in-coming currents, no matter whether such -
instruments are in use or otherwise. To amply elucidato
the Duplex system elaborate diagrams and enlarged de-
scription is necessary. Many difficulties have to be cn-
countered in the actual working of the system. The speed of
working either way is reduced ; but the ultimate effect is to
considerably enlarge the capacity of the wires. To convey
messages hence by a well-worked wire from 40 to 50
messages per hour, may, in ordinary cases, be transmitted,
but by the adoption of the Duplex principle the capabilities
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of the wire are so increased as to enable it to convey from 70
to 80 messages within the same time, and, doubtless, as
experience remedies defects, the advantages in that aspect
will be augmented. The plan which promises to give the
best effects is a combination of Preece’s and Stearns’s,
whereby Stearns’s condensers are applied to Preece’s system.
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QUESTIONS ON MAGNETISM, ELECTRICITY, AND
PRACTICAL TELEGRAPHY FOR THE USE OF
STUDENTS.

By W. McGREGOR,

FIRSBT ASRISTANT SUPERINTENDENT, INDIAN GOVERNMENT TELEGRAPH§.

INTRODUCTORY REMARKS.

Tne following Questions on Magnetism, Electricity, and Practical Tele-
raphy have been compiled after a careful l[)):zusal of, and are principally
{med on, the eighth, ninth, and tenth books of Ganot's “ Physics,”
Noad’s “ Manual of Electricity,””and the same author’s admirable “Text
Book,” Bakewell and Fergusson’s ‘‘ Electricity,” Cully’s ¢ Practical
"Telegraphy,” &c.; and areiutended to aid the student in general, and
those connected with Telegraphy in particilar. I cannot too strongly
recommend the system of writing and working out the answers as a
means of fixing ¢n the mind what otherwise might be read amd for-

otten.

¢ Having felt the want of some such questions or exercises for self-
examination, I have determined on publishing those framed during my
attendance on a course of lectures by Professor Tyndall at the al
School of Mines, and the leisure afforded whilst in England on sick
furlough, for the benefit of others who may, like myself, be desirous of
gaining at least an elementary knowledge of the science of Electricity,
and some slight knowledge of Practical Telegraphy.

- The necessity for publishing a Key to the Questions does not exist, so
long as students amr others can procure works on the subject by such
authors as mentioned ; but to those who may not be in a position to
purchase expensive, or care to study large works, “ Weale’s Series "’ offers
the best and cheapest Keoys.

The Questions might with advantage be used by officers on circuit, to
examine those under them.
Since the above was written, I have obtained the nece rmission

to include some of the Examination Questions pr;pm y Sir W.
Thomson and others for candidates for the Indian Telegraph Service;
aldo those by Professor Tyndall and others used at the Royal School of
Mines. I have further added several Examination Questions used at the
Schools of Science, South Kensington Museum.

“s
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MAGNETISM.

K 1. State the difference between a natural and artificial magnet, and
me;ati&n where the lon»stone was tg:st discovered.

2. Give an example to prove that a magnet possesses a north and
;puth polarity, and state why the centre of a magnet is called the neutral
ine. :

{13. Under what circumstances have artificial magnets more than two
poles?

4. Mention the law regarding mutual action of the two poles, and
describe an experiment by which this law may be verified.

5, By the aid of the hypothesis of two magnetic fluids, give a clear
idea of the distribution of magnetism in & magnetised bar, and account

for the oircumstance that there is no free magnetism in the middle of the

bar.

6. Describe an experiment to prove that every particle or molecule of
[ ma%et possesses a north and south pole. .

7. What is meant by magnetic induction or inflnence? and can it take-
place without actual contact ?

8. What are we to understand by the coercive force as applied to

.

magnetic substances? Is this coercive force greater in steel or iron? -

State the difference between magnets and magnetic substances.

9. Describe what is known as the directive action of the earth on
magnets, and to what this action may be compared.

10. State in a general way what you know regarding the magnetic
meridian, the declination and annual variations of the magnetic needle.

ll.?How is the declinatipn accidentally dicturbed in its daily varias
tions '

12. Describe the declination compass and the method of reversion.

13. Describe the mariner’s compass, and, if possible, give the name of
the inventor, and when or where first used.

14, What is meant by the magnetic equator, and the inclination or dip
of the magnetic needle? What are the magnetic poles ? and if near them,
what would be the position of the inclination needle?

15. What is an inclination compass, and for what is it used ?

16. Give one or two examples by which we can do away with the
earth’s influence as a magnet upon a magnetio needle; in other words
render the needle astatic.

17. What is understood by the intensity of the earth’s magnetism? ‘

At what time of the day does the intensity vary? When does it attain
its maximum, and when is it at its minimum ?

18. By whom were the laws of magnetic attractions and repulsions dis-
covered, and by what method did he prove them ?

19. State what you know about magnetism, and illustrate the method
by single, double, and separate touch, and mention the method which
produces the most regular magnets. -

20. What effect has the earth on a bar of soft iron held in the mag-
netic meridian, and one of steel held in the same position ?

21. Can you explain the reason why tools in a smith’s shop generally

sess a feeble magnetic polarity ? :
2. When is a bar or needle said to be magnetised to saturation. Can
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a .bar be magnetised beyond this point? If eo, is any benefit derived
from it? - . .

23. How is a magretic battery or magazine constructed ?

24. What is meant by the. portative force.of a magnet, and how can-
this force be increased ? B
. 25. Mention some of the circumstances which influence the power of

. What happens if a magnet is heated to redness ?

26. By what method did Coulomb investigate the magnetic force in
different parts of the magnet ?

27. Name the different forms of magnets, and state why the horse-shoe
form can support a greater weight than any other.

28. What are magnetic armatures or keepers ?

29. When asteel rod is held in a position parallel to the dipping-
needle, what change takes place in the course of time? Would the same
effect be observed in & rod of soft iron held in the same direction ?

30. What effect has temperature on magnetism ?

31. What method did Gauss adopt for ascertaining the intensity
of the earth’s magnetism? Describe by diagram his bifilar magneto-
meter.

32. What do you understand by magnetio charts? Describe in a
general way, an({ also mention what is understood by isogonic and

“18oclinic lines. .

33. Explain what is meant by variation of the needle—secular, annu-
lar, and diurnal.

34. Mention some of the theories of terrestrial magnetism by Gilbert,
Halley, Hausteen, Barlow, or Gauss.

35. What is diamagnetism, and how does a diamagnetic substance
lus%ended between the poles of a magnet set itself when at rest?

. What is the difference between paramagnetic and diamagnetic sub-
stances? Mention some of each—solids, liquids, and X

37. Does magnetism in any way act on light? What is noticed if a
ray of }iight is passed between the poles of an clectro-magnet?

38. How can you tell whether a flame or liquid is paramagnetic or
diamagnetic?

39. What are magnetic storms ? : .

40. Describe the method for converting a bar of steel or iron into a
mafnet by the galvanic current.

1. A;e electro-magnets in any way better or stronger than natural
magnets
2. Of bismuth, zine, nickel, tin, lead, and cobalt, which are para-
etic, and which diamagnetic ?
. What is known of diamagnetic polarity ?

44. Mention some of the results of Professor Tyndall's investigations

into the laws of magnetic force.

.

. ATMOSPHERIC ELECTRICITY.

45. The condition and intensity of atmospherio electrity depend on
certain changes. Name some.

46. What 1s the principle of Thomson’s divided ring electrometer ?

47. Of his common house electrometer, and his simple apparatus for
observing atmospheric electricity ?
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48. For what purpose did the late Mr. Crosse make use of his explor-
ing wires, and with what result ? .

49. What have been the means employed for examining the electrical
condition of the higher regions of the atmosphere ?

50. Is there any analogy between the electric spark and lightning ?

51. What was Franklin’s original experiment l‘:y which he established
the identity between ehctricit-{ and lightning?

52. What are thunder and lightning ?

53. Into what three classes does Arago divide lightning ?

54. 1,Who,t are supposed to be the safest positions during a thunder-
storm

55. Why should we avoid being near water during a thunder-storm ?

56. What is meant by a Eerson being killed by the back stroke of
lightning? Explain the back stroke by di .

57. For what purpose, and on what principle, are lightning-conduc-
tors made ? :

58. Are voloanic eruptions in the sea, and tornadoes, in any way
connected with electricity ?

§9.? From what are the phenomena of water-spouts considered to
arise

60. How can the appearance of the Aurora be closely imitated by
electricity ?

61. To what agency and influence is the devolopmeént of the Aurora
ascribed ?

62. Mention what you know about De la Rive’s theory of the Aurora.

63. By what experiment did De la Rive illustrate why the phenomena
of the Aurora appear at the magnetic and not at the terrestrial pole?

64. State Humboldt’s grounds for assuming the Aurora to be a
magnetic phenomenon.

(%5. ‘What do youknow of the action of atmospheric electricity on the
wires of the electric telegraph ?

66. Can the natural state of the telegraph wires be disturbed in the
absence of a thunder-cloud, and how ?

67. What is observed in the telegraph wire when there is vapour, fog,
snow or rain at one end of the wire, and not at the other ?

68. What effect does a distant cloud, moving first towards, and then
from, the wire, exercise on the natural electricity of the telegraph wire?

69. During a thunder-storm many miles off the telegraph needle is
considerably disturbed ; give the cause of this.

70. Describe the experiment by Professor Henry to illustrate that
discharges from electricity accumulated in the Leyden jar are competent
to induce secondary, and even tertiary and quaternary, currents in vicinal
conductors. )

71, Describe Matteucci’s method of demonstrating the development of
secondary or induction currents by the discharge of a Leyden jar or
battery. .

72nynumente some of the damages which occur to the telegraph
lines and instruments from lightning, and mention any particular cases
known to yourself.

73. Is there any identity between the sparks produced by an electric
machine and atmospheric electricity ? -

74. In what direction have atmospheric electric currents along tele-
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graph wires been known'to proceed, and does the direction vary at any
time of the day or night?

75. What influence has the 4urora Borealis on the electric telegraph ?

76. Name and describe some of the paratonnerres, or lightning con-
ductors, for the protection of tel h lines and instruments.

77. How is the best lightning conductor for proteoting buildings, &c.,
constructed ?

78. What is atmospheric electricity ?

DYNAMICAL ELECTRICITY.

79. What was the fundamental experiment which led to the discovery
of dynamical electricity, and to whom due?

80. What led to the invention of the well-known voltaic pile, and how
was the pile constructed ? Is there any recent invention you can name
constructed on a similar principle ?

81. How can you demonstrate the development of electricity in
chemical action ?

82. Does any disturbance of the electric equilibrium accompany
chemioal action in substances in the liquid or gaseous state ? and of all
chemical actions, which are the most productive of electricity ?

83. lllustrate in the most simple manner how current electricity can
be generated, and the reason why it is called a * current.”

84. In the case of a copper and zinc plate being used, which of them
is termed the positive plate, and why ?

85. Is there any reason why we are to suppose that, when the two
plates of an element are connected, electricity only flows in one direction ?

86. Mention some of the principal metals any two of which can
produce a current. )

87. What is meant by the electro motive force, and how is this
influenced ? Can we produce a voltaic current by the use of two or
more liquids, and how ?

88. Describe what is known as Wollaston’s battery, and the means
employed to stop its action when the current is not wanted.

€9. What are the poles or electrodes of a battery, distinguishing
them from the plate, so a8 not to confound one with the other?

90. What causes the enfeeblement of the current in such batteries as
those of Volta, Wollaston, and Hare, and can we by any means increase
the intensity ?

91. State the advantage a battery with two liquids has over one with
only a single liquid. Describe any two batteries of the former kind.

92, What is the difference between a Bunsen’s and Grove's battery ?

93. In what does Smee's battery differ from that of Walker’s.

” 94, Describe the sulphate of mercury battery devised by M. Marie
Davy, and lately introduced into France.

95. Can you menticn the value obtained for the electro-motive force

of the most usual combinations, namely—
(1) Bunsen’s elements,
(2) Grove's elements,
3) Daniell’s elements,
4) Smee's elements,
5) Wollaston’s elements ?
H
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96. What do you understand by the tension of a battery, distinguish-
ing it from the quantity of electricity which it disen ?

97. To obtain a more regular current, and at same time more
intense, what description of zinc should be employed in a battery ?
‘What objection is there to the use of ordinary commercial zinc ?

98. Describe the construction of the dry pile, and state in what
respects it differs from the voltaic pile.

99. What is Bohnenberger’s electroscope ?

100. With reference to Oersted’s discovery, mention the memoria
technica by which all the various directions of the needle under the
influence of an electric current may be remembered.

101. What is the principle of the galvanometer, multiplier, ox rheo-
meter 2 and state for what purpose used.

102. What is the prinmg}; of the tangent compass, and for what
description of currents is it best adapted ?

103. What is meant by the thermal effects of electricity? Give an

ml(:):‘fle.
104. Are these effects confined to thin wire, or can they be perceived
1 thick wire?

105. Describe the galvano-thermometer, and mention the three laws
relative to the thermal effects of an electric current.

106. If a strong current is sent through a chain of platinum, and
silver wire of equal size, why does the former become incandescent, while
the silver shows no apparent signs of heat ?

107. If a long thin platinum wire be raised to dull redness by passing
a voltaic current through it, and if a part of it be cooled down by ice,
what happens ?

108, If, on the contrary, instead of applying ice, & part of the wire be
heated by a spirit lamp, what would be the result? :

109. Does the thermal effect depend on the size, or on the number of
the plates, in a battery ?

110, Describe an experiment by which the luminous effects of a voltaic
battery can be obtained. .

111, Of what is the voltaic arc formed, and what effect has a magnet
when presented to it ?

112. Mention some of the substances which are fused or melt when
introduced into the voltaic are.

113. In the case of the electric light, which of the carbon points wears
away, and what is observed to occur with reference to the other, and
what does the change indicate ?

114. Describe the electric light, and mention some of its properties.

115. What, if any, effect has the electric current on the elasticity of
metallic wires through which it

116. Describe some chemical effects of the electric current ; give three
examples, including one with solution of sulphate of copper.

117. Ilustrate by one of Davy’s experiments the power of transmis-
sion possessed by an electrio current in chemical decompositions effected
by the battery.

118. State what you know of Grotthuss’s hypothesis in explanation of
the chemical decompositions effected by the battery.

119. What do gou understand by the term “ electrolysis?” Mention
four of the laws of electrolysis.
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120. When platinum electrodes which have been used in decomposin
water are detached from the battery, immersed in distilled water, an
connected with a galvanometer, the existence of a current is indicated
which has the opposite direction to that which had previously passed :
how is this phenomenon explained ?

121. What is understood by secondary batteries ?

122, On what principle did Grrove construct his gas battery ?

123, What is meant by the passive state of ironga

124, On what does the art of electro-metallurgy depend ?

l13125. In what respects does electro-silvering differ from electro-
ilding ? . . ’
8 126. What two laws do the phenomena of parallel electric currents
follow ? Demonstrate by two examples.

127. Give the two laws of angular curcents, and state how they can be
demonstrated. . :

128, Demonstrate the law of sinuous currents.

129. Demonstrate the action of an infinite current on a current per-
pendicular to its direction.

180. Demonstrate the action of an infinite rectilinear current on a
rectangular or circular current. .

131, Describe the rotation of a finite horizontal current by an infinite
horizontal rectangular current. )

132. Describe the rotation of a vertical current by & horizontal circular
current.

133. What has Faraday proved about the rotation of magnets by cur-
rents? Give an illustration. .

134. Demonstrate the action of magnets on currents.

135. Does the earth in any way exercise a directive action upon currents
arranged in a vertical or horizontal direction ?

136. Should you answer the last ciuest-ion in the affirmative, perhaps
you will name an apparatus by which it can be illustrated ? '

137. If the current on which the earth acts is closed, is the result a
continuous rotation or a directive action in the case of a rectangular or
circular current ? ’

138. Mention an apparatus by which the answer to the preceding ques-
tion can be shown. ll)ﬁaustmte by diagram.

139. What do you understand by a solenoid, and how is it constructed ?
Illustrate by diagram.

140. Are solenoids in any way similar to magnets, and in what
respects ?

141. In what respects, if any, do two solenoids traversed by a strong
current, allowed to act on each other, differ from two magnets as regards
attraction and repulsion ?

142. What ingenious theory, based on the analogy which exists
between solenoids and magnets, has Amp2re propounded with reference
to magnetic phenomena hitherto attributed to the existence of two fluids?

143. Explain by what means a bar of iron can be magnetised by an
electric current.

144. A bar of soft iron in the shape of a horse-shoe, wound round
with copper wire, can support a certain weight during the passage of the
electrio current through the wire, but loses that power immediately the
circuit is broken. Explain the reason2 of this.

H

V)
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145. When a rod of soft iron is magnetised by a strong electric cur-
rent, it is accompanied by a very distinct sound. Is this only momentary
or continuous, and to what has this phenomenon been attributed ? .

146, By what means can two sounds be obtained ? To what have these
been compared by De la Rive ?

147. In what way has Wertheim confirmed the hypothesis of a mole-
cular movement in iron wires at the moment of their magnetisation and
d etisation ?

148, What do you understand by currents of induction or snduced cur-
rents 2 :

149. By what means can the inductive action of currents at the moment
of oap;ninﬁ or closing the circuit be shown ?

150, t, if any, difference exists between a primary and a secondary
ooil, and through which of them is the current passed ?

151. On what principle are electric clocks constructed ?

152. Have any attempts been made to apply electro- otism as a
motive force in machines, and how far have they su ? If not,
what prevents its adoption ?

153. In passing a current through the primary coil, in what direction
and for how long is a current induced in the secondary coil ?

154. At the moment circuit in the primary wire is opeuned, in what
direction is the induced current produced in the secondary coil, and what
is its duration ?

155. In what respects can the last two phenomena be assimilated to
those produced by statical electricity ?

156. Describe an apparatus to show that induced currents can be pro-
duced by continuous ones.

157. The distance remaining the same, does a continuous and constant
eurrent induce any current in an adjacent conductor ?

158, What principles may be deduced from the phenomena of primary
and secondary currents ?

159. What law has Lenz based on the induction produced between a
closed circuit and a current in activity when their relative distance
varies ?

MAGNETO-ELECTRICITY.

160. What is magneto-electricity, and how is it generated ?

161. If a considerable length of copper wire be wound round a wooden
cylinder, the ends of the wire being attached to a galvanometer, how is
the latter affected when either pole of a strong magnet is thrust into the
cylinder, kept in it, and when withdrawn ?

162. Can the needle be affected without introducing the magnet into
the cylinder ? :

163. Mention what you know of magneto-electric induction.

164. Name an experiment to illustrate the development of magnetism
by rotation.

165. Upon what does the direction of the current of electricity which
is excited in a metal when moving in the neighbourhood of a magnet

depend ?
ll.’e(i{i. Describe Professor Forbes' experiment by which he obtained an
electrio spark from a natural maguet.
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'I . 167.h Cax; a spark be obtained from an artificial or electro-magnet ?

8o, how

168. Describe the principle of the magneto-eleotric machine— Saxton's,
for fi;téstaAnIoe; . ¢ ) .

169. Are you aware of any arrangement for applying magneto-elec-
tricity to t.hey production of liéht? ffen:o, explainpil:.y 8 megn

170. Describe Wheatstone’s magnetic exploder.

171. Explain the theory of magneto-electricity.

172. Supposing a bar of soft iron be placed 1n a bobbin covered with
copper wire, the ends being attached to a galvanometer, and a magnet
is suddenly brought in contact with, or drawn away from, the soft iron,
. ean s?deﬂection of the needle be obtained, and how long does it con.

tinue

173. Can any and what effects be obtained by causing a strong magne
to rotate rapidly in front of the extremities of the wires of an electrc-
magnet, in such a way that its poles act successfully by influence on the
two branches of the electro-magnet ?

174. Does a mass of copper exert any influence on the number of
oscillations which a magnetic needle makes under the influence of the
earth magnetism ?

175. In what way does a plate of copper in rotation act on a mag-
nl;at? Mention an experiment by wl?ich the phenomenon may
shown.

176. Suspend a cube of copper to a twisted thread, place it between
the poles ofptes powerful electro-magnet. Can you (guided by the answer
to No. 174) explain what happens at the moment when the thread is
allowed to spin round with great velocity, and a powerful current is sent
through the electro-magnet ?

177. What explanation did Faraday give of all the phenomena of
magnetism by rotation ?

" 178. In what way do induced currents tend to destroy the motion
which gives rise to them ? Illustrate by Lenz’'s law ; and is the action
analogous to that of friction ?

179. Can induced currents in metallic bodies in motion be developed
by terrestrial magnetiem ?

180. Describe an apparatus by which terrestrial electric induction may
be shown.

181. If a disc of copper is made to rotate rapidly between the poles of
an electro-magnet, mnsJ the current invests the soft-iron poles with mag-
netism, does the disc meet with any resistance? And what happens if
the rotation be continued ?

182. What are Abel’s fuses like, and can they be fired without the aid
of a galvanic current ? .

183. Mention a telegraph instrument which can be worked by magneto-
electricity, and explain its working. .

184. Do you know of any other instruments or apparatus worked by
m%?to-electrici ?

185. Mention the simplest mode of inducing electricity by means of

etism. .

186. It might have been inferred @ priori, from the induction of mag-
netism by electricity, that electricity could be induced by magnetism : to
whom is science indebted for the verification of this inference?
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187. Is it only copper, or ean any of the other metallic bodies put in
motion close to a magnet, induce an electric current ?

188. To what is the quantity of electricity induced by magmetism
progortionnte ?

189. Has magneto-electricity been tried for electro-plating, and with
what results? .

190. Are you aware how the light at the Dungeness Lighthouse is
maintained ?

191. Upon what does the direction of the current of electricity which
is excited in a metal moving in the neighbourhood of a magnet depend ?

192. What is the direction of the electrical current when a metallic
plate is caused to rotate in the neighbourhood of a wagnet, or vice
versa ?

193. Give the laws which regulate the magneto-electric force excited by
magnetism in induction coils ?

194. What, if any, difference is there between magneto-electricity and
electro-magnetism ?

195. Describe the constraction of Clark’s magneto-electrical apparatus.

196. What effect has a vertical horse-shoe magnet in rotation upon a
copper disc suspended over it by threads of silver without torsion, and
does any change take place when the magnet is made to rotate in the
opposite direction ? . .

97. What is the effect, if the disc (vide No. 196) presents breaks in

the continuity, especially in the direction of the radii ?

198. If any difference exists between the action of induced currents
and friction (No. 178) to destroy motion, name it.

FRICTIONAL ELECTRICITY.

199. What is electricity, and how is it evoked ? .

200. Mention some simple means of exciting electricitly; by friction.

201. Can a solid body be electrified by friction with a liquid or a

as ?
§ 202. If a quantity of mercury in a dry glass be connected with a
gold-leaf electroscope by a wire, and a dry rod of glass be immersed in
it, what is observed if it be left there, and also when the rod is gradually
withdrawn ? .

203. Name some substances which do not seem capable of receiving
electric excitement by friction.

204. What is known with reference to the cause of the production of
electricity by friction ?

205. With reference to the preceding question, mention to what
Wollaston attributes it.

206. Have we any authority for supposing that electrical phenomena
may be produced in vacuo, or that they can be developed in an atmo-
sphere o¥ carbonic acid ?

207. What is the difference between conductors and non-conductors,
and is this distinction absolute ?

208. Mention a few of the bodies which are conductors, semi-con-
ductors, and non-conductors, arranging them in the order of their
decreasing conductivity.
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209. Under what circumstances does water, a good conductor, conduct
very badly ?

210. What, if any, change takes place in the conductivity of glass
when red hot, or pulverised ?

211. Does a dry or moist climate ¢xercise any influence on glass as a
non-conductor or insulator, and in what way ?

212. Why is it that a conductor only remains electrified so long as it
is surrounded by insulators? -

213. Can you give any reason why the earth is called the common
reservoir for electrioity ?

214, What is the obstacle to metals being electrified by friction?
Give an illustration how this obstacle can be removed.

215. How can youaccount for the attraction that occurs between the
leaves of a gold-leaf electroscope if, after it has been charged with
electricity developed in a glaes rod, a stick of sealing-wax rubbed with’
flannel be presented ?

216. Are we to infer from the last question that there is but one kind
of electricity ?

217. State Franklin’s theory of electricity.

218. And that of Symmer.

219. Which of the two theories is now generally admitted ?

220, In electricity what do the signs + and — signify, and on what
principle based ? i

221. Although the theory of two electric fluids is quite hypothetical,
on what grounds is its general adoption justified ?

222, Admitting the two-fluid hypothesis, state whether it is in virtue
of the action the fluids exert on themselves, or in virtue of their action
on the particles of matter, that the phenomena of attraction and repul-
sion take place.

223. Mention what you know regarding the law of the development
of electricity by friction.

224. When two bodies are rubbed together, which of the fluids is
decomposed ? t

225, As the electricity developed on a body by friction depends on the
body rubbed, mention a few substances in such an order arranged that
each  hecomes positively electrified when rubbed with any of the bodies
following, but negatively when rubbed with any of those which precede it.

226. State some other cause than friction by which electrical excite-
ment may be produced.

227. What do you understand by pyro-electricity 2

228. When a crystal of tourmaline is warmed, and then allowed to
cool regularly, what change in the }l))olar properties is observed ?

229, What do you understand by the terms *analogous pole” and
“antilogous pole ”” in the phenomena of pyro-electricity ?

230. Has the crystalline form of the mineral any connection with the
phenomena of pyro-electricity ?

231. Mention two or three minerals besides tourmaline which are
pyro-electric. : .

232. In measurement of electrical foroes, what two laws established by
Coulomb regulate the attractions and repulsions of electrified bodies ?

233, Give an idea what the torsion balance is like, and how used for
experiments to determine the laws of magnetic attraction and repulsion,
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234. From a series of experiments made by Sir W. Snow Harris, what
ei\?ce%t;%ns, apparent or real, did he find to Coulomb’s laws? (Vide

0. 232.

235. t does De la Rive remark with reference.to these exceptions ?

236, What did Davy, on repeating Snow Harris’'s experiments,
discover ?

237. Does the distribution of electricity depend on the extent of the
surface, or the mass of a conducting body ? To what extent, if any, does
electricity penetrate into the interior ?

238. Supposing that a thin hollow copper sphere be charged internally
through an aperture provided for the purpose, what is observed on
applgi;:g the proof plane? (The sphere being on an insulated
stand.

239. Take, for example, a hollow globe fixed on an insulated support ;
provide it with two hemispherical envelopes which fit closely, and can
be separated with glass handles; charge the globe, and bring the two
ocovers in contact: on removing them rapidly, will the electricity be
found to have divided itself ? If 8o, how, and where ?

240. Does the form of a body exert any influence on the accumulation
of electricity ? If so, in the case of an insulated elongated ellipsoid,
where would the electricity be found to have the greatest tension or
wnden%escape ?

241. t power does an dlectrified pointed rod possess? If, for
instance, when the hand is brought near a point on an electrified
conductor, 8 slight wind is felt, anid in the dark & luminous brush is
seen, explain the reason of this.

242, %Vhat happens if two conducting bodies are brought in contact
when one is electrified and the other not, and what if they are not
conductors ? -

243. Electrified bodies gradually lose their electricity even when -
placed on insulators: to what two causes is this due ?

244. Are all substances conductors of electricity, or can you name
any that may be considered insulators or non-conductors ?

245. When is air a good conductor ?

246. At a high tension the loss of one electricity is greater than the
-other, as discovered by Matteucci. State which.

247. Hew could a charge of electricity be retained in a body % vacuo 2

248, Demonstrate the phenomena of electrical induction,

249. In what respects is the action of an insulated conductor charged
with electricity analogous to that of a et on soft iron ?

250. Is there any limit to the action of induction? If so, when is it
said to have attained its limit ?

251. State Faraday’s theory of electricity by induction, and mention
thed_experiment which he devised to illustrate the polarisation of the
medium.

252. Is the inductive capacity of gases dependent on temperature or
pressure ?

253. With reference to the communication of electrity, what pheno-
menon is observed when the finger is presented to a strongly-electrified
body, and what is the cause?

254. Explain by means of the laws of induction the phenomena of
attraction and repulsion.
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255. In what respects does the gold-leaf electroscope differ from the
original pith-ball pendulum ? Describe Bennett’s, -

256. What is the electroscope used for ?

257. Could the electroscope be used as an electrometer, or measurer
of electricity ?

258. Describe the mode of workinﬁ the electrophorus and its action.

259. Can you give the reason why the electrophorus, once charged,
retains its electricity for months ?

260. By what means is the retention of electricity in the electrophorus
promoted ? )

261. Who was the first inventor of the electric machine?

262. Describe the electric machine.

263. Describe the action of the electrical machine, aud state on what
the action is founded.

264. Why is it that a spark cannot be drawn from the conductor of
an electric machine till the plate is turned ?

136.2. What advantages does a plate of ebonite possess. over that of
glass

266. For what pur ‘are amalgams used in electric machines ?
How is the best prel;mrggs‘t’e ) X

267. By what means can the loss of electricity from the electric
machine be avoided ?

268. As it is not possible to exceed a certain limit of electrical tension
with the machine, can you say when this is attained ?

269. Mention the three causes on which the loss of electricity
depends ?

270. How is the electric tension measured ?

271. When the rotation of the plate is discontinued, the index falls
xpidly if the air is moist, but slowly when it is dry. What does this

ow ?

272. It Ramsden’s electric machine only gives gositive electricity, by
what arrangement can it be made to give negative

273. What are secondary conductors ?

274. Describe Nairne’s electrical machine, and stato in what respects it
differs from that of Ramsden. .

275. By what means is electricity produced in Armstrong’s hydro-
electrical-machine, and of what does the machine consist ?

276. What accident led to the discovery of hydro-electricity, and to
what is the development of this electricity due?

277. Does the addition of acid or saline solutions interfere in any
way with the disengagement of electricity from the hydro-electrical
macl:hine? and what change takes place if turpentine is added to the
boiler ?

278. When a spark i3 drawn from the conductor of the electrical
machine it varies in shape according to the distance of the object it
strikes. Can you explain the cause of this?
0h279. Jlllustrate by diagram the action of the apparatus called ¢ electrical

imes. . :

280. What is it that causes the electrical whirl or vane to revolve if
plwl:gd on the corductor of an electrical machine when the machine is
worked ?

281. What follows if the ﬂnme‘ofsa candle is brought near a point
H
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placed on the conductor of an electrical machine when worked, and is
the effect the same if the taper is placed on the conductor, and a pointed
wire is held near it ?

282. What do you understand by condensers of electricity ?;

283. Can you explain the accumulation of electricity in eondensers ?

284. How would you effect the slow and instantaneous discharge of
the condenser ?

285. What two causes limit the quantity of electricity that can be
accumulated by means of the condenser ?

286. Of what does the fulminating pane consist ? and describe how it
is charged and discharged.

287. By whom, and where, was the Leyden jar first invented ? In what
res oes it retemble a condenser ?

. State by what two processes the Leyden jar can be charged inter-
mllg with positive and then negative electricity. .

289, On removing the movable coatings of a charfed Leyden jar
placed on a cake of resin they are found to contain very little electricity,
and when placed on the table are reduced to the neutral state. When the
jar is put together can a sbock be obtained ?

290. In the event of {our answering the preceding guestion in the
affirmative, state where the electricity is supposed to adhere.

Describe how Lichtenberg’s fi can be drawn on a cake of
resin, and state what this experiment illustrates,

292. Prove, by naming an experiment, that the electricity penetrates
to a certain extent into the insulating substance placed between two
metallic platés charged with electricity.

293. The residual charge varies with the nature of the substance. Is
there any in us or liquid insulators ?

294. Faraday found that with glass and sulphur the residue was least
of all. With what did he find it greatest ?

295. Upon what does the charge that a Leyden jar can take depend ?

296. How is an electrical battery arranged with Leyden jars, and does
it take longer to charge a large battery than a smaller one ?

297. Describe the universal discharger, and state for whatfit is used.

298. What do you understand by term “ charging by cascade ? ”
and how would you proceed to do it?

299. Describe Lane’s electrometer, and state on what principle it is -
constructed ? T

300. In what respects does Harris’s unit jar differ from Lane’s electro-
meter ?

301. What do you know regarding the laws of electric charge?

802. In what does Volta’s condensing electroscope differ from the
ordinary gold-leaf electroscope? Describe how you would proceed
to render very small quantities of electricity perceptible by this appa-
ratus?

303. Name some of the effects of the electric discharge, distinguishing
the physiological, luminous, mechanical, magnetical, and chemical

304. Suppose a row of men holding hands  the first touches the out-
side coating of a charged den jar, and the last at the same timeé the
knob: what is the result, and how is it brought about ?

305. As the colour of the electric spark varies with the nature of the

conductors, and also with the nature of the surrounding medium, state
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the colour between two charcoal points, two balls of silvered copper, and
between knobs of wood or ivory; in atmosg)heric air at ordinary pressure ;
in rarified air and in vacwo ; In oxygen, hydrogen, nitrogen, vapour of
mercury, carbonic acid.

806. To what are the modifications in colour of the electric spark
ascribed ? .

807. From what does the brush discharge derive its name ?

308. What is the appearance of a spark when taken at short and
long distances ?

309. What shape does the discharge assume when the electricity in
virtue of its high tension, issues from a conductor, no other conductor
being near ?

310. Mention some of the calorific effects of the electric spark.

311. When an electric discharge is sent through gunpowder it merely
disperses it : what is necessary to insure its ignition ?

12. How can the deflection of the magnetic needle be obtained by
means of frictional electricity ? State also how a steel wire can be mag-
netised ﬁ the same agency. .

313. Mention an experiment by which the mechanical properties of an
electric spark can be illustrated. )

314. By what means can you illustrate the perturbation and sudden
expansion which the electric discharge produces ?

315. Enumerate a few of. the chemical effects of the electric dis-

charge.

316. Has the velocity of the electric spark been measured, and by what
means, and with what result ?

3817. Some substances—such, for instance, as ebonite, silk, and gutta-
perchn—possess, within certain limits, the power of insulation: for what
purpose is this power made available in electricity ?

318. Aocording to the present state of knowledge on the subject, can
you name two of the best conductors and insulators ?

319. If two persons stand on two insulated stools, and one strike the
other with a well-dried cat's-fur two or three times, which of them will
be positively electrified, and which of them negatively 2 or will only one
kind of electricity be produced without the other ?

820. Of the two instruments, electroscope and electrometer, which of
them is used for measuring, and which for indicating the presence and
kind of electricity P

321. What do you understand by the influence of excited bodies upon
neutral conducting bodies at a distance P

322. What is Vgarley’s multiplier? Describe it in a general way.

823. In what respects is the cylinder superior to the plate electrical
machine ? .

324. State what you know about the theory of the electrical machine.’

325. Is the electricity produced by the hydro-electric machine remark-
able for its high intensity or quantity ?

326. State in what respects the disruptive discharge at the end of a wire
char%ed positively, and another negatively, varies,

327. How can the tendency of Leyden jars to spontaneous explosici
when very clean and dry be diminished ?

328. What is the velocity with which electricity travels through good
conductors ? .

_—
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PRACTICAL TELEGRAPHY.
329. For what purpose are insulators fixed to telegraph posts or

supports ?

%g(). Why is it that in the case of a support or post, carrying two or
more wires, a metallic support is preferred to a wooden ?

331. Describe the best * earth plates” known to you, and how they
should be employed to secure a good earth circuit, and explain what the
earth circuit means,

332. In constructing a telegraph line is any care necessary in joim;!;s
up the wire? Can you enumerate any of the inconveniences experien
through having a « faulty joint” in the circuit ?

3833. In order to establish telegraphic communication between two

laces, what is necessary in the way of conductors, earth circuits, &c. ?
Eive rough tracing, showing how the electric current can be transmitted
from one station to another.

334. Why is it better to use iron wire, suspended on poles, than
buried wire covered with gutta-percha or india-rubber ?

335. Has the gutter-percha covering of a cable ever been known to
deteriorate when under water—in the sea, for instance. What do you
know about the utility of india-rubber for telegraphic purposes ?

336. Describe the best modes of preserving timber posts against
decay and insects.

337. Is any advantage gained by lessening the number of telegraph
supggm, as regards strength or insulation of a line?

338. at precautions are necessary in constructing a line across
public roads, &c., to prevent accidents to traffic or line?

3839. What is the number of posts per mile recommended for a line of
three, four, or six wires, and must the number of posts be increased for
additional wires ?

340. In constructing a line alongside of a railway or public road,
which side of the road is to be preferred, with a view, as far as possible,
to prevent accidents by the line being blown across by the prevailing winds?

341. How would you provide against the line giving way at angles or
curves? Describe the three modes mentioned in Cully’s * Practical

R
2. iat is the benefit of furnishing timber posts with an earth
wire, and how should it be fixed to be of any use ?

343. What, if any, care is needed in insulation when the smaller
kinds of wire are used as conductors? and can you give the reason why
a No. 1 or 4 wire conducts better than one of No. 8 or 16?

344. Mention whether soft or hard wire is the best for long and short
spans, and state why one is better than the other. N

845, Does temperature exercise any influence on the wire? If so,
mention in what way.

346. What do you understand by the wire being killed ? and does
this add to the strength of the line ?

347. Why should the number of joints or welds be reduced to a
minimum ?

348. What do you understand by galvanised wire, and for what
purpose is the wire thus coated ?
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349. Mention some of the precautions necessary to prevent contact
_between the lines when the posts carry more than one wire, and on what
account,

850. Where the wire is exposed to smoke, or the line is in the vicinity
of the sea, the zinc coating does not protect it : what is recommended as
the best paint for the wire ?

351, you aware why the wire should be kept clear of trees or
branches ? When this is not possible, how is the wire usually protected ?

352, Why is steel, or the so-called homogeneous iron wire, better suited
for long spans than stranded wire ?

353. Do spiders’ webs cause any inconvenience on the lines, and in
what way ?

354. What injurious effect has dirt or smoke on insulation and
insulators, and how can it be remedied ?

355. Why is it that, after a smart shower of rain, the insulation of a
line is improved ?

356. What are the difficulties met with in securing good insulation
for a line on the sea-coast ?

367. What are earth currents or deflections, and how are’ they

caused ?

358. Is the direction of the earth current determined by the actual
course of the wires or not, and are they in any way connected with the
eulrth plzt;s? When are these currents sufficiently strong to affect the
tele,

3 9.pWhen communication is stopped by these currents, by what
means can it be restored ?

360. What is the difference between earth current and earth battery ?

361, Into what classes can the apparatus employed to transmit intelli-
gence by means of electricity be divided ?

362. Describe Bright’s bell telegraph, and the single-needle telegraph.

363. Trace the connections of a Morse instrument.

8 364. Describe Wheatstone’s alphabetical instrument; also] that of
iemens.

365. How is Wheatstone's automatic system worked, and is there any
gain in the 8 of signalling by this over any of the other systems ?

366. By what agency is the telegraph worked, frictional or dynamical
electricity ?

867. What is voltaic or gnlvanic electricity ? .

368. Could a current of electricity be produced by using two plates
of the same metal, and 'both attacked equally by the acid? not,
explain why.

369. Describe the  Britannia” joint, and state why it is to be
preferred to a twisted joint, both as regards strength and conductivity.

370. Can you say why a joint should be soldered ?

371. What is the best method of terminating a wire, in lieu of
twisting it, to %revent its breaking ?

372. Name the best solution known to you for soldering a joint, and
mention any precautions necessary in soldering hard wire joints,

373. Do you know of any remedy to stop the noise caused when wires
are set in vibration by the wind ?

374. What is the benefit of securing the line wire to the insulator ?
and mention the best way of doing it.

- AN
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375. Why is it necessary to examine the bindings from time to time ?

376. What objection is there to using sulphur as a cement for fixing .
bolts into insulators? Name any other cement known to you.

377. Can you give the reason why porcelain insulators are sometimes
protected with an iron cap, and whether there is any objection to it ?

378. How would you test the line for insulation and continuity 2

379. Can you mention the French method of testing for insulation
and continuity ?

380. What, if any, precautions are necessary in regulating the battery
power when taking tests ?

381. Why is it that tests taken at opposite ends never agree ?

- 382. What is meant by wnits of resistance ?

383. How do you take the constant of the instrument, and what is
understood by this?

384. How can you prevent the disturbing action of masses of iron, of
the electro-magnets of instruments, and of currents passing through
wires under the signal table or desk, when testing with a tangent or any
other horizontal galvanometer ?

b 385. Describe the differential galvanometer, and the mode of testing
it.
y386. Describe Wheatstone's balance, and method of testing.

887. What is the shunt used for in testing ?

888. Give an example how ordinary tests can be reduced to units of
resistance.

389. What is the law of variation as regards the tension of two wires
of different gauge, the span and dip being the same for each ?

390. If it be requiredp:o increase the distance between two posts, and

et to preserve the same tension in the wire, how would dip be
influenced ?

891. The span between two posts being the same, how would the dip
vary ?

5{32. Where is the tension least in a wire between two posts? and
suppoeing that the length be under 150 yards, would the same law hold
?

393. Why ehould wires put up in summer be strained lees tightly
than those in winter, and what objection would there be to putting them
up too slack in winter ? .

394. Supposing a wire to be pulled up perfectly straight, would the
tension differ? and if so, in what part ? .

895. Why are more wires broken in winter in short spans than in
long ones ?

8Y6. What is the expansion of wire per mile for every ten degrees of
heat ?

397. Supposing a wire to be pulled up in mild weather to a dip of 14
inches, what strain in pounds will it take when the temperature is at
2607

398. What is the law for the leakage of electricity in wires when the
insulation is good and equal throughout the circuit tested ?
~ 899. When would a circuit of many instruments test better than a
direct circuit, in which there are none except at the terminal stations ?

400. Why, when testing a wire for resistance by iutting the distant
end to the earth, is the result apt to be interfered with by deflections ?
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401. Mention some of the principal faults in a circuit, and the result
caused Iarhti\em respectively.

402. t do you urderstand by a line making partial earth 2 Illus-
trate by diagram. And how would the signals be affected at the receiving
and sending station ?

403. When one wire touches another, how would the current be
affected ? ) .

404. What effect does damp weather have on'the working of lines? ™"

405. How would you test for faults at a station—for earth, contact,
disconnection, partial disconnection, and intermittent faults ?

406. What is the technical name for the most accurate test ?

407. Describe the method of finding the distance of a contact.

408. What is a shunt, a pecker, & short circust, and the local circuit 2

409. Describe one of the latest needle instruments.

l4;10. Nameo the principal faults to which a needle instrument is
subject.

411. What is a printing telegraph ? Describe one of the latest.

412, Describe the Morse instrument.

413?. How is the working by relay performed with the Morse instru-
‘ment ’

414. In order to increase the power of permanently-magnetised
armatures, and to lessen their liability of losing their polarity, how
would you magnetise them ? .

a 4l5;i Upon what does the length of the mark in Morse's telegraph
; nd ?
%6. How is the spark in relays prevented ?

417. Describe Varley’s double current key.

418, What is the ‘)rinciple of transmission by two etations at the
same time upon a single wire ? .
. 147{9 What are the principal faults to which the Morse apparatus is

iable ?

420. Deeoribe the lever switch.

421. Name and describe the instrument by which any two cirouits are
connected.

422, Describe Clark’s double-shunt differential galvanometer.

423, Of what does a submarine telegraph cable consist generally ?

424, State the difference between a gutta-percha cable, and one made
with Hooper’s core.

425. How many attempts have been made to lay a cable across the
Atlantic? State some of the causes which led to failure.

426. Besides the resistance of the conductor, what other difficulties
have to be overcome in signalling through cables or long underground

lines ?

427. Upon what does the speed of a cable depend ?

428, H‘::v is the test for the quality of copper for conductors carried
out?

429, Give the modes for finding out the resistance of a mile of wire of
any size at any temperature. . L

430. Is there any and what difference of resistance in a wire just
drawn, and after it is annealed ? .

431. State how you would connect two lengths of a solid wire and of
stranded wires.
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432. What do you understand by. the core of a cable, and what is the
dielectric?

433. What is meant by conductive resistance and inductive capacity ?

434. Of gutta-percha and Hooper’s india-rubber which has been found
to be the best insulator, and to stand the heat ?

435. Explain electrification or absorption in connection with cable-
testing.

43(5 Is it necessary to allow any time to elapse between the applica-
tion of the current and the observation in testing for insulation or
inductive capacity ?

437. Has temperature any effect on the insulating properties of the
dielectric ? and has any allowance to be made for it in testing a cable?

438. Name some ofy the effects of pressure on insulation. State, if
you can, the improvement noticed in the Atlantic cable.

439. Enumerate the precautions necessary when testing a cable, and
how you test for insulation, continuity, and resistance.

440. Does a faulty cable test alike with the positive and negative cur-
rent? If not, what is the difference?

441. Describe the charge and discharge test.

442. Describe joint-testing by Clark’s method, and state the principle
of the test.

443. What do you understand by testing the insulation of cables by
half-charge? Describe how Clark does it.

444. Describe by diagram the connections necessary for a discharge
test, and the alteration necessary for a charge test.

445. Why is it advisable to put the cable to earth for some hours before

testing ?
4463. Which of the tests—the ordinary insulation or the discharge—
should be taken first when both are used, and why ?
44;7. How is the time of fall to half-tension m{oulated by one observa-
tion
448. What is the best method of leading wires into stations? Is it
neceseary to cover the gutta-percha, and why ?
449. Explain the different modes of laying street or underground

wires ?

450. Can defective gutta.percha wires be brought into use? If so, by
what means ?

451. Why is great care necessary in testing covered wire ?

452. Mention one or two of the methods for jointing covered wire.

45& Is th?e tension or quantity of electricity increased by adding cells
to a battery

454. Describe any two batteries nsed for telegraphic pu: 3

455. What is the effect produced by a faulty porous cell

456. Does any ill effect follow when the zinc of a battery is allowed to
tm;g; the porous cell ? sulate the b b s, and

. is it necessary to insulate tte: X68 Or trou, an

what is the {)eet way of doing this ? i i

458. In the event of there being a bad cell in the battery, how would
you bridge it over ?

459, How can the formiz;g.:f crystals on the sides of a battery cell,
when the water has become ged with sulphate of zinc, be prevented ?
and state why they should be guarded against.
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460. What is the deposit that collects on the zinc plate of a battery
called, and how is it produced ?

461. Is the deposit mentioned in the last question of any value ?

462. State the reason why the zinc cell of a battery should be larger
than that containing the copper ?

463. What is the principle of the * gravity ” battery? Describe it.
D4641 lDoscribe Muirheag‘s battery, also Siemens’ modification of

aniell’s. :

465. Where a constant battery current is required, how can it be
obtained by aid of the so-called Belgian globe reservoir ?

. Nume some of the precautions necessary in preparing a Daniell’s
or other battery ?

467. How can copper plates that are very dirty be easily cleaned ?

468. In recharging a battery, can the old liquids be used again ?

469. Name the faults likely to occur in a battery ?

4;(1). State how the purity of sulphate of copper and zinc can be
tested.

471. Mention some of the units of resistance, with their values.

472. In what way does the purity of metal affect its resistance ?

473. Give the resistance per mile of some of the iron wire generally
used—Nos. 4 and 8, for example,

474. Do homogeneous metal and steel offer greater or less resistance ?

475. In a circuit does the Zension of the current vary? If so, where is
it the greatest, and where zero ?

476. How can the resistance that a battery offers be modified ?

477. Explain the principle of translation working by means of single
and double current.

478. Describe translation between the single and double current
systems.
bt‘l!fg. Describe the methods of testing by means of Wheatstone’s

nee. .
m:gg. What is the electrometer of Milner or Peltier like, and how

481. Describe the construction of Thomson’s reflecting galvanometer
and portable electrometer.

2. Why is it necessary to keep in water, or soak for some hours,
covered wire, before it is tested ?

483. Name one or two methods of testing roughly for insulation in
covered wire.

484. If covered wire proves defective, how can the fault be dis-
covered ?

485. Explain how a small fault in a wire too defective to be used, and
not readily found by the distance tests, can be made worse, and a bad
wire made better for a time.

486d Describe how a fault can be discovered in a tunnel or under
ground.

48k7 Describe the instrument called the wire-finder, and the mode of
working.

488. Can covered wire too defective to work under ground be made
available for a tunnel or out-door work, and how ?

489. Is there any and what difference in the manner the circuit is
completed by means of the earth, and by a return wire?
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490. How does Gavarret explain the action of the earth as a conductor, -
and what results, with reference to resistance of the earth, did Matteucei
obtain with plates buried at different distances apart? and how does the
resistance vary with the depth of the plates ?

491. Is there any limit to size and distance of plates when the resist-
ance remains constant ? .

492. Is it advisable to use one earth plate for all the circuits in an
office? If not, state the objections,

493. How can an earth plate be tested ?

494. When using gas or water pipes for earth, why is it better to
connect both ? :

495. What causes a permanent current sometimes to appear on the
instrument on connecting up a short circuit of less than ten miles ?

496. Name some of the best material for telegraph insulators, and one
or two of the best shapes, with reasons for the re?orenco.

497. Give the reason why insulators should be carefully tested before
being put up, and the mode of testing.

) 498.? Have we any means of preventing spiders’ webs inside of insu-
ators

499. Can a piece of kite string thrown across the line wires cause any
inconvenience ?

500. Mention some means of preventing weather contacts between lines.

501. Suppose partial earth to exist ten miles from A, and there is a
station at B, seventy-three miles further, which will receive the weakest
signals, and why ?

502. Mention some of the consequences, when the line wire is down,
on dry and wet ground, on rails, in water, or touching a tree, and state
how these faults can be traced by testing.

503. Give the most convenient formula for finding out or calculat-
{ng the effective current or strength of signals when a fault exists on a

ine.

504. How can a person travelling along a line of telegraph discover a
fault ? and what apparatus would be required for the purpose?

505. What law explains the method which has been proposed for sig-
nalling across rivers without wires? and how is this effected ?

506. In increasing the size or number of plates in a battery, the best
method of providing for loss of current arising from defective insula-
tion ?

50;.i ?How can & convenient portable battery for testing purposes be
form

508. Why is it that single-fluid batteries are useless for telegraphic
correspondence in general ? .

dﬁf)&d l?)escribo a secondary battery, and state for what purpose it is well
ada

5‘1)0. ‘What is the objection to placing old batteries in series with new
ones ?

511. Describe the principle of Wheatstone’s bridge, and the mode of
testing by it.

512. State Preece’s method to show the mathematical law of the fall
of charge from full to half tension in testing cables. :

f513. b(l}ive Jenkins’s formula for calculating the resistance of the core
of a cable.
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514. Name the methods for determining the specific resistance of the
insulator and the leakage of a cable.

515. What do you understand by the inductive or electrostatic capacity?
and what influence has this on the speed with which a cable can be
worked ? .

516. Give Thomson’s formula for determining the specific inductive
capacity of a cable.
sh517. Describe how a cable can be tested by means of a condenser and

unt,

_ 518. Can the distance of a fault in a cable be measured the same as in
an ordinary line ?

519. What produces the cable current in a broken cable, and how can
it be discovered ? ) -

520. Name some of the methods for testiug a cable not already men-
tioned by you.

521. Describe the principle and action of electric alarums.

522, Enumerate the telegraph instruments worked by magneto-elec-
tricity, and describe one.

523. Describe Bright's acoustic telegraph and Froment's French
alphabetical telegraph.

524. Describe the principle and working of Wheatstone’s universal
dial telegraph.

525. ‘%ahat- are current-changers? Describe Wheatstone’s.

526. Describe the construction and principle of an electric olock.

527. What is the difference between Bain’s printing telegraph and that
of Morse. "

528. By what law is speed of transmission in cables similar in all
respects, except length, governed ?

529. Would there be any difference in the specific resistance of the
conductor of two cables, one being twice the length of the other ?

530. Why is there a loss of speed in a cable if the conduetor is too
small, the diameter of the core being fixed ?

531. Bupposing the conductor is too large, why is the speed lowered,
the conditions being the same as in the previous questions? -

532. What are the advantages of t purity of copper in a cable?

4 5-‘33.d ;Ipon what does the working of submarine cables chiefly
epen
34. On what law does the signalling through cables of the same
length vary ?

535. How does the speed of signalling vary through cables of the same
inductive and conductive resistance ?

536. How would you express algebraically the law for gutta-percha
cables, supposing L = length of wire expressed in knots, R — resistanee
of conductor exir:ued in ohms per knot, I = inductive capacity of the
cable gutta-percha being taken as unity ?

537. How could a cable be positive in one part of its length, and
negative in another ?

eggs. By what instrument could you ascertain when the current in a
cable varies ?

539. In comparing the speed of two cables, what would be the best
instrument to use ?

540. Of what use is the curb-key !



164 APPENDIX.

511. How could the rapidity of transmission be increased when two
sections of the cable are connected ?

542. When one plate of a condenser is charged, the other being to
earth, what action takes plaee?

543. How would you insure the relative magnetic force of horizontal
needles by the time occupied by the needle in performing a fixed number
of vibrations ? .

544. How is the strength of currents compared ?

515. 1f a current be split between the wires of the galvanometer, and
a wire attached to its two terminals, in what manner will the electricity
distribute itself ?

546. Suﬁposing the conditions to be the same, and the shunt be exactly
equal to the galvanometer in resistance, how would the current divide
itself, and what would be the deflection of the needle ?

547. How would you find the resistance of a battery?

548. Describe the method of comparing the tension of batteries now in
common practice. )

549. How would you obtain the tension of a whole battery in terms of
that of one or more cells ?

550. How could the full tension of a battery be rigorously obtained ?

551. Describe Gangain’s tangent multiplier.*

MISCELLANEOUS.

552. As the power of a horse-shoe magnet is tested by the weight it
can support, state the formula Hacker gave for this weight. -

553. Mention some means of obviating the deviation of the compass
needle on board ships, and give the reason of this deviation. .

554. What appearance do diamagnetic and paramagnetic liquids
assume ;vhen a drop is placed on a watch-glass la.i&m upon the poles of a
magnet

5g55. Does the nature of the machine in which a body under examina-
tion moves exert any influence on the nature and amount of the
magnetism it exhibits ? Give examples.

556, Are substances which are conductors or semi-conductors of
frictional electricity equally so for the electricity of the galvanic battery ?
If not, state thé reason.

557. Do you know why green glass is better adapted for insulators
than flint glass ?

558. Can the term “ non-electric ” be applied to any substance, or are
all substances electrics ?

559. If the amount of the electricity induced by an electrified body on
surrounding conductors is equal and opposite to that of the inducing
body, say how it can be proved.

560, ﬁow can you illustrate that induction is universal in its action?

561. Give the specific inductive capacities of some of the more impor-
tant non-conducting substances, taking that of air as unity, according to
Sir W. S. Harris'’s table.

562. What were Faraday’s ideas about conductors and non-conductors,
or insulators ?

563. From the terms vitreous and resinous electricitios do you under-
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stand that when a body is excited it is always electrified with one species
of electricity ? For example, is glass always vitreously electrified ?
. - 564. What is meant by the specific inductive capacity of an insulating

y ?

565. Is the distribution of electricity on the surface of an insulated
sphere uniform when it is surrounded partly by air, and partly by
sulphur or lac? If not, state the reason.

566. What are electrics and dielectrics ?;

567. Account for the g:xenomenon of return charge or residual
Sl‘eot.ricity when a Leyden battery has been charged a long time, and is

1sclmrﬁ.

568. Explain how lateral induction increases the resistance to trans-

mission of electricity, even by the best conductors.

569. Describe Harris’s system of lightning conductors for ships.

570.? ‘What, if any, difference is there between an electrical and magnetic
storm .

571. How do armatures preserve the magnetism in magnets ?

572. When magnets are laid aside, in what position should they be
kept to E;event a weakening of the magnetism ? N
573. Mention some experiments by which the operation of magnetic

induction may be illustrated.

574. Name the different qualities of steel recommended for artificial
magnets—(a) for large massive single or compound magnets of the
straight bar form, (5) single and compound horse-shoe.

a 575& i,How is thermo-electricity produced, and on what does it
epent

g?ﬁ. Have the thermo-electric properties of metals any connection
with their voltaic relations, or with their power of conducting heat or .
eleotrici%?

577. What is’ desirable in forming a thermo-electric pile or series ?
and at what part of the metal must heat or cold be applied to develop
electrical currents ? ;

578, Of what two substances did Nobile and Melloni construct their
thermo-electric pile or battery ? .

579. On what principle has Wheatstone constructed his thermo-
electric pile? What effects do sixty of his elements produce? Mention
some, alnd state to how many of Daniell’s cells this electro-motive foroe
is equal.

580, What did Peltier discover about the absorption and generation
of heat when electricity traverses a compound metallic conductor from
bismuth to antimony, or vice versd ?

581. By what ingenious experiment did Tyndall confirm Peltier's
observations ? -

582. If two bars of bismuth and antimony be soldered across each
other at right angles, and touched with the conducting wires of the
battery, 8o that the current will pass from the bismuth to the antimony,
what will be produced ?

583. Explain how an electric current can be produced by means of a

. fused salt.

584. When bismuth and antimony are made use of in a thermo-
electric series, which is positive and which negative ?

. Thermo-electric currents cannot be ascribed to contact or chemi-

AN
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cal action : to what cause does Becquerel attribute them ? Can they be
produced in a single metal ?

586. Does the crystalline form of ‘metals influence thermo-electricity ?

587. What effect has an electric current on the nerves of the senses ?

588, Describe how an electric current can be produced by muscular
contractions.

589. Name some of the electric fishes, and the means they possess of
generating electricity.

590. electricity been detected in plants? If so, quote some
examples or proofs.

591. What are chronoscopes, and are they worked by electricity or

. magnetism ? Give some details. :

592, Is there any and what difference between chronoscopes and
chronographs? Deacribe the latter.

593. On what principle are electric thermometers constructed ?

594. Describe Hemming’s electric target, and Siemens’ electric log.

595.? In what way has electricity been employed in breaks for railway
trains : :

596. Describe the electric self-acting boiler feed and the olectric
hydrostatimeter.

597. Has electricity been employed in engraving machines? If so,
describe one. : ’

598. Describe the electric loom.

599, What are induction coils? Describe Ruhmkorff’s.

600. How many microkms = 2% okms? and how many okms —1
megohm ?

601. Is the volt a measure of tension or resistance? and state how
many snicrovolts = a megavolt. )

602. What do you understand by a farat of electricity ?

603. Quote the unit of current, of work, of head, and the electro-
chemical unit.

604. Of what use is the condenser in Ruhmkorff’s eoil ?

605. How is lateral induction brought about in Ruhmkorff’s coil ?

606. Describe Ritchie’s arrangement of Ruhmkorfi’s coil.

607. Describe the phenomenon of the spark in air caused by the
induced current.

608. What effect does hydrogen have on the spark ?

609. How can ozone be produced by the induction spark ?

610. What takes place when the induction spark is eent through
ammoniacal gas?

611. How is the spark introduced through gaseous compounds ?
612, What colour does the spark assume in oil, in alcohol, and in
turpentine ? :

13. What effect is produced by the discharge from the induction
coil in highly-rarefied air ?

614. How can a light be obtained in a vacuum tube with only one

le of the secondary wire of an induction coil? and how can the light

made to bifurcate?

615. Name some methods of rendering visible the stratification of the
electric spark. . :

616. How did Gassiot succeed in obtaining vacua so perfect that no
luminous discharge can be observed through the tube?
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617. What is the physical cause of the stratification ? -

618. How can electrical discharges from the induction coil be applied
to purposes of illumination?

19, Describe the mode of discharging Leyden jars and condensers by
the induction coil.

620. Why should one cell give as large a deflection as any number
that may be connected in circuit where there is an infinitely small
resistance ?

621. How is the quantity of electricity doubled in a battery ?

622. Supposing it to be required to produce the greatest effect with
120 cells, and that the line has a resistance of 80 ohms, whit would be
the best way to place them ?

623. What is the disadvantage in making up a “ quantity battery ” by
connecting batteries of small plates side by sige? .

624. Why is it much better to use one plate of 32 square inches than
two of 16 square inches placed side by side ?

625. Why does the vertical galvanometer need no adjustment ?

626. Why should needles properly balanced for England be wrong if
sent to Australia ?

627. How would you explain the cause of the indicating needle of a
vertical galvanometer varying from time to time? )

ExAMINATION PAPERS.

628. State what youknow regarding the action of the earth as a magnet.

629. What is meant by magnetic induction? Exglain magnetic
induction in accordance with the theory of magnetic fluids.

630. An electrified body is placed before you, and you are required to
determine the quality of its electricity : how would you do it ?

631. Describe the electrophorus, and explain its action.

632. Describe the Leyden jar, and explain its action. .

633. Describe and explain the experiment which led to the discovery
of the Leyden jar. .

634. Describe the electrical machine. State how it is excited, and in

what way the prime conductor is charged.

635. When a strip of silver is placed upon the tongue and a strip of
zinc underneath it, on bringing both into contact, a peculiar sensation is
experienced : what is its cause ? :

636. Describe some simple means of generating a voltaic current.
Supposing a current to flow through a wire, how would you prove its
existence there ?

637. Describe the battery of Grove, and state clearly the functions of
the two fluids employed in this battery. Describe all the chemical
actions that occur in the battery where the current flows.

638. State what you know regarding the chemical effects produced by
the current outside the battery. B

639. State what you know regarding the relation of the heat developed
within the battery to that developed without it.

640. I hand you a piece of magnetic iron ore, and ask you to show as
many as possibfo of its phenomena, I wish you especially to illustrate
both its attractive power and its polarity : how will you proceed ?
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G41. Describe the gold-leaf electroscope properly arranged to give no
fallacious indications. What does it indicate immediately? Show that
if enclosed merely in a dry glass shade, it may show divergence where it
ought to show none.

42. Explain how to charge a Leyden jar, and how to give a shock to
several ;i_:'sons by means of it. Show how, by aid of an insulating
stand, a Leyden jar may be charged resinously on its inside coating by
means of a common electrical machine with its rubber insulated.

643. State the law according to which the force between two electrified
and perfectly insulated bodies varies according to the distance between
them, supposing this to be great in comparison with the greatest
dimensions of each. Example—If the force be equal to the weight of
o of a grain at 2 inches distance, what will it be at 8 inches ?

- 644. If a magnetised steel needle be supported so as to to have
freedom to turn in a horizontal plane, how does it place itself in this
country (England) with reference to the true north and south line ?
How at Caleutta? If perfectly free to turn about its centre of gravity,
in what position would it rest in either locality? Modify the answer to
the last question to suit it to any magnetised mass of steel, such as a
horse-shoe magnet,

645. I wish you to illustrate the declination and the inclination of the
magnetic needle: how will you &roeeed? You are also required to
point out the analogy between the earth’s action and that of a steel
magnet : how will you do it ?

646. Two bar magnets are placed parallel to each other with their
north ends turned in the same direction. Show by a sketch the way in
which iron filings will arrange themselves when scattered over the two
north poles. Reverse one of the magnets and show the arrangement of
the filings. Explain, finally, why the iron filings should arrange them-
selves in the ways indicated. .

647. You are required to illustrate fully the action of magnets upon
each other, and to state the general laws to which your experiments
conduct you. You are also required to illustrate the magnetism of iron
as distinguished from that of steel : how will you proceed ?

648. You are required to show that the proximity of an electrified
body decomposes the neutral electricity of an insulated conductor into
positive and negative: how will you proceed? State the positions in
which the two electricities are found, and how their presence there is
proved by experiment.

649. Connecting a feebly-charged condenser with a gold-leaf electro-
scope, the leaves diverge and collapse under certain conditions. What
are they ? 'Why do the leaves diverge and collapse? Show by a sketch

the way in which the condenser must be connected with the electro-

scope.
6%0. Support a disc of brasson a common drinking glass, and electrify
it. I wish you to show how the electricity is distributed over the
surface of the disc: how will you proceed? What will be the result of
your experiments? If, instead of a disc, a body ending in a sharp
int be employed, a limit beyond which you cannot further charge the
y is sooner reached than in the case of a body which does not end in

a point, Explain this.
651. Describe what occurs when g charged Leyden jar with movable
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coatings has its coatings removed. State the manmer in which you
would make the experiment which answers this question.

652. Describe the simplest form of voltaic battery.

653. Describe Grove's battery, and that of Daniell. Explain the
chemical action that takes place in the cell of the latter.

654. Explain why in neither Daniell's nor Grove’s battery is there

any evolution of hydrogen, or any other gas, as long as the liquids and
" metals are in proper condition.

655. If a lLittle sulphate of copper gets into the liquid next to the
zinc in a Daniell’s battery, what injurious consequences result ?

56. Explain the decomposition of water by the galvanic battery. If
a zinc plate be substituted for one or other of the platinum plates, what
chemical, if any, difference will be produced in the result ?

657. State what you know of Ohm’s law. Apply it to find the
arrangement of 12 cells, each having 60 units of internal resistance, so
as lo give the strongest current through a wire whose resistance is
1,000 units.

658. Describe a practical method for measuring the intensity and the
resistance of a Daniell’s battery.

659. You are furnished wig a magnet and bar of steel : how are you
to magnetise it ? State in the language of the theory of magnetic fluids
what occurs during the act of magnetisation.

660. State your grounds for supposing an ordinary magnet to be an
assemblage of molecular magnets.

661. You are required to compare and express numerically the com-
parative strength of two bar magnets : how will you do it?

662. There are two bodies, gn and B; the one, A, electrified with
positive electricity, while you are not certain whether the other is
electrified or not.  'Why is it that the attraction of B by A furnishes no
safe test that B is negatively electrified ?

663. Describe in a general way the distribution of electricity in the
case of & conical conductor, a spherical conductor, and a pewter pot.

664. You are furnished with two sheets of tin foil, a plate of glass,
and a gold-leaf electroscope, and are required to illustrate by means
3f these the principle and action of the Leyden jar: how will you

o it ?

665. Describe some of the effects which would enable you to state
whether a voltaic current was passing through a wire or not.

666. Describe some one means of determining the strength of a voltaic

current.

667. How do you determine the law according to which the magnetism
of an iron bar surrounded by a coil of copper wire increases in strength
as the voltaic current sent through the wire increases in strength ?

-668. When a voltaic current circulates, various chemical actions occur.
‘What are they in the case of the battery of Grove? Heat is evolved in
the battery itself. Is it always the same for the same amount of
chemical action? If not, what circumstances cause the amount to
vary ?

669. Describe an artificial magnet and its principal properties.
670. Describe the precautions necessary to magnetise a bar by means
of other permanent magnets, and state by what other means & bar may
be magnetised.

1
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671. Describe the dipping-needle, and eay at what part of the earth
the dip of the needle is the greatest.

672. What is meant by the variation of the needle, magnetic meridian,
and magnetic pole?

673. What perturbations is a freely-suspended needle subjected to if
kept in the same place of#observation ?

74. What is meant by magnetic storms?
675. How can electricity be produced by the aid of permanent

mgnetism ?
6. How can magnetism be produced by means of electricity ?

677. Can we shield a magnet from the influence of the earth’s mag-
netism ? and if so, state how.

678. How can magnets be demagnetised ?

679. What is meant by diamagnetism ? and state some of the dis-
ool::sritzc of Faraday as regards the effect of magnetism on metals, light,
glass, &c.

680. Describe the principal means of producing or exciting electricity,
and give an example illustrative of the production of electricity by each
means ; and state whether there is any (fiﬂ"erence between the electricity

8o produced.

&l. ‘What are the principal laws of attraction and repulsion of small
electrical bodies, free to move, and brought within the influence of each
other, as re| attraction or repulsion, the force with which this takes
place, and the effect of altering jthe distances between the bodies, or of
altering the quantity of charge in each ?

682. Describe what you consider is meant by the terms density of
electricity, tension or potential, electro-motive force, quantity of electricity,
strength or intensity of current, electro-static capacity, and specific induc-
tive capacity.

683. What would be the distribution of a given quantity of electricity
—say reprosented by 100—in two Leyden jars or plates, the interior and
exterior coatings of which are respectively connected together, supposin,
one jar or plate, A, to have double the surface of coating, but glass o
only half the thickness, of the other jar or plate, B?

684. Describe what is generally termed ¢ the charging of a conductor
by induction.”

685. Describe a gold-leaf electroscope and pair of condensing plates :
ex%]ésén the use of them, and explain the action.

. Describe a line galvanometer, s Daniell’s battery, and an electro-

et.

37. ‘What is the relation that exists between electro-motive force,
resistance, and “ strength ” or * intensity ”” of current, known as Ohm’s
law? and give four examples.

688. Suppose we have two batteries of 10 cells, of equal electro-motive
force, each cell having 1 unit resistance, how should we connect them up
—in series or el—to obtain the maximum strength of current—
firstly, with a line of 100 units resistance; secondly, with a line of &
units resistance ?

689. Tllustrate geometrically, and to scale, the distribution of the
tensions in a voltaic circuit, where the circuit consists of a battery of 5
cells, the first of which has 10 units resistance, and all the others &
units each, the electro-motive force of the first cell being 10 units of
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electro-motive force, and thatof each of the others 15 units, the resist-
ance of the line being 50 units, the zinc plate of the first cell of the
battery being connected to earth, the copper plate of the last cell to line,
and the distant end of the line to earth. , 10 units resistance to
the inch; 5 units electro-motive force to the inch.

690. Could we charge a conductor, and discharge it, and perform all
the ordinary electrical experiments in a closed room of perfect conduct-
ing matter, if the room were insulated from the earth ? and would the
room be externally electrified by any of the experiments carried on within ?

691. If the rubber of an electrical machine be insulated from the
earth, but connected only to the interior of a Leyden jar, and the prime
conductor connected to the interior of another encyelg similar and equal
jar, the exterior coatings of the jars being connected together, can any
charging of the jars take place? and if so, what is the maximum extent,
in comparison with the ¢l , that could be obtained in a single jar
chnr“)%e in the ordinary way from the same machine ?

"692. You are required to arrange a tangent compass and a voltameter
(where chemical decomposition measures the strength of the current) in
the same circuit, and to state the relation which subsists between the
deflexions’of the compass needle and the quantities of gas generated when
currents of different strengths are sent through the circuit.

693. You are required to construct a voltaic cell, to name the metals
and liquids you employ, describe their mode of construction, and to
state the chemical actions which occur in your cell.

694. State all that you know regarding therelation subsisting between
the strength of a current which produces an iron electro-magnet and
the strength of the magnet which it produces.

695. Give a description of some ore form of the electric telegraph.

96. Describe some one form of a magneto-electric machine g;‘which
culét;;.lu s:’re paoduced wit.h%ut chemical nctior}:l. oxtul

. Bome days ago, on bringing my watch near a pow magnet,
it suddetiiv stoppeg.go I wish to agoelgain whether I gve permanently
magnetised the works: how am I to proceed ? :

98. I want to determine whether the magnetic force of the earth
diminishes gensibly as I ascend in a balloon : how am I to proceed ?

699. Describe clearly and fully what you mean by magnetic induction,
and explain it by reference to the theory of magnetic fluids.

" 700. You are required to construct an electro-magnet: how would
you proceed ?

701. Is the attraction of a magnet for soft iron a true measure of its
strength? If not, how would you propose to measure the strength of &
magnet ?

702. You are required to construct and suspend a coil of copper wire
go that when a current flows through the coil it shall behave as a
magnet : how will you do it?

'703. When a voltaic current flows, heat is generated in the battery :
what is the origin of this heat ?

04. When a voltaic current is sent throu‘fh a thin platinum wire, the
wire is heated : state what you know regarding the relationship of the
heat thus developed outside the battery to the heat developed at the same
time within it. ‘

705. A point is placed on the prime conductor of an electric machine :
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on placing the hand above the point a wind is found to issue from it when
the machine is worked : what is the origin of this wind? Devise an
apparatus in which this wind may be caused to produce rotation.

06. Describe fully some one form of the electric machine, and explain
how the prime conductor is.charged.

707. You have access to the insulated silk rubber of a plate-glass
machine, but not to its prime conductor, and you are required to charge a
Leyden jar withpositive electricity from the ru{’ber: how will you proceed ?

08. You are required to fire a mine by the spark of a Leyden jar :
what precautions will you take to render the ignition of the powder
certain? State the grounds of your precautions?

709. In the Alps a hissing sound is frequently heard issuing from the
points of rocks, and from the ends of the long sticks which are carried by
travellers: what is the cause of this sound ?

710. Describe a simple apparatus for the generation of induced cur-
rents.

711. You have access to the N. pole of a permanent magnet, and are
required to magnetise & strip of steel which has the letters N.and S.
already marked upon its ends: how will you etise it so that these
letters shall indicate truldv the poles of the strip of steel ? )

712. A sphere of hard steel of great coercive foree, and a sphere of
soft-iron possessing no coercive force, are suspended successively above
an electro-magnet ; a series of currents, represented in strength by the
Nos. 1, 2, 3, 4, b, are sent round the magnet: will the attractions exerted
on the two :gheres vary in the same proportion? If not, state and
explain the difference, .

13. The strength of a current may be determined from its magnetic-
action, and from its chemical action. Explain both methods.

714. Give a clear sketch of the theory of magnetic fluids, including the
hypothesis of coercive force. ’

715. A long coil of copper wire is placed with its axis N.and &.; a
current of electricity is sent through the coil, the direction of which in
the upper portion of the coil is from E.to W. Describe the action of
this coil on a etic needle.

716. Give a brief sketch of Ampere’s theory of molecular currents.

717. A flat coil of copper wire, wound from the centre to the circum-
ference in the direction of the hands of a clock, is placed on a table, and
its two ends are connected with a galvanometer, consisting of a single
magnetic needle; the N. pole of a magnet is brought down on the coil.
State and explain what occurs ; state and explain also what occurs when
the magnet is separated from the coil; state also how the needle is
affected.

718. Describe and ex){lai.n some one form of the electro-magnetic
machines used for medical purposes.

719. You are required to determine the quality of the. electricity
excited by the friction of flannel and gutta-percha: how will you do it?
In your answer you must not confine your attention to the gutta-percha
alone.

720. Describe and explain the Leyden jar, including in the explanation
a description of the experiment which led to its discovery.

721. A body positively electrified is placed before you; you are not
allowed to toucg this body, but still you are required to charge by
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émean; of it your own body with negative electricity: how will you
o it

722. If you cannot answer the preceding question, state what you know
regarding the phenomena of electrical induction.

23, State what you know regmling the phenomena of terrestrial
electrical magnetism, explaining the terms ¢ dip,’”” * declination,” ¢ incli-
nation,” “horizontal,” “intensity,” and *total force.”

724. Explain the Ehenomena of magnetic induction by reference to the
theoxg of magnetic fluids.

72b. Describe the positions taken up by a small magnetic needle or a
small rod of iron when it is suspendedp from a fibre, and carried round a
bar magnet. Deduce these positions from the forces acting on the rod.
Apply your rewsoninghto the explanation of the magnetic curves.

l’)726. Explain the phenomena of electric induction by reference to the
theory of electric fluids.

727. Describe the discovery gnd give the explanation of the Leyden jar.
Devise and describe some new form of the jar.

728. Describe to me one form of the electric machine. State how the
prime conductor is charged, and give the reason why points are employed
on the prime conductor.

729. Describe accurately the part played by the nitric acid in Grove’s
or Bunsen’s battery. State also what occurs in the cell containing the
zinc and dilute sulphuric acid.

730. A tangent compass and a chemical voltameter are placed in a
circuit. State the relation of the deflections of the com to the
quantities of gas generated in the voltameter when a series of cur-
rents of different strenfgth are sent in succession through the circuit.

731. State the law of Ohm, which expresses the relation of strength of
current, electro-motive force, and resistance.

732. Give the formula which expresses the relation of heat, resistance,
and strength of current. Describe some experiment which illustrates the
effect ofresistance on the development of heat.

733. Describe some means of making and breaking contact in a voltaic
circuit by a self-acting apparatus.

734. Given such an apparatus, and a coil of copper wire in which two
insulated wires run side by side : you are required to connect the con-
tact-breaker with the coil, and also to connect your person with it, so as
to get a succession of shocks from currents of induced electricity. Give,
if you can, a sketch of the arrangement.

735. What do you understand by magnetic polarity ? Is the power of
8 magnet concentrated at its goles ? if not, how is it distributed ?

736. Describe the action of pointed lightning conductors on charged
cl?llllds. Explain the construction and motion of the so-called electric
mill.
737. On what fact was the discovery of bodies into electrics and non-
elect;ics founded? Prove by an experiment the error of this classifica-
tion

7788. Describe the electrophorus, and give the theor{ of its action.

739. In order to produce the spark of the electro& orus a mechanical
force is expended. Wherein does it consist? State the relationship sub-
sisting between this force and the chemical process going on in the body
during the exertion of the force. . .
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740. Give some examples of the magnetic power of the electric cur-
vent.

741. Describe an a; tus in which water may be deeom})osed by an
electric current, and lzhp:r:bnstiment gases of theyliquid collected s{pa-
rately. What are these gases, at what places are they disengaged, and
what are their volumetric relations ?

742. When the circuit of a voltaic battery is closed, heat is generated
in every cell : what is the origin of this heat ?

743. In what relationship docs the heat developed by a current within
a‘;avoltuic? battery standsto that developed at the same time outside of the

ttery

744. When iron filings are scattered round a magnet they arrange
themselves in curved lines. Give a clear explanation of the production
of these curves.

7745. There are two theories of magnetism : the one, that of magnetic
fluids ; the other, that of molecular currents. Give a brief but clear
statement of both themes.

746. You are required to arrange an experiment whereby the con-
vulsigéls of a frog’s limbs by the return shock” shall demon-
strated.

747. An iron core is surrounded by a helix, through which an electrie
current passes. Assume a direction for the current,and show by a sketch
the polarity excited in the bar. State what you understand by the direc-
tions of the current.

748. Whence have arisen the terms ¢ electro-positive”’ and ¢ electro-
megative ? ”’

749. 'What is meant by the term ¢ polarisation,” as applied to voltaic
electricity ? How does polarisation affect the current from a pair of
metals. immersed in a single liquid? 'What is the use of the two liquids
in Grove’s battery.

750. (a.) Whg does either rubbed glass or rubbed sealing-wax attract
a small metal ball hung by a fine wire from a gas-pipe, whereas the
former repels a small fragment of rubbed glass hung by a dry silk fibre,
while the latter attracts it? (5.) When a piece of paper jumps to a
piece of rubbed sealing-wax, it is caught on the end of a thin dry glass

rod before it reaches the sealing-wax, and is tested by a proper electro-
scope. With which kind of electricity is it found chargedl':‘er (e.) An
uninsulated can of water is allowed to flow out (by a hole or pipe) in a
fine stream, breaking into drops and falling into a second can, perfectly
insulated, at a great distance below : a stick of rubbed sealing-wax being
held near the pﬁoe where the stream breaks into drops, what is the elec-
trical effect on the insulated can ?

751. (). A thin bar or needle of steel magnetised in the ordinary way
is supported with perfect freedom to move horizontally round its middle
point: what position does it take in this country? What follows if it is
turned through any angle from this position, and then left to itself?
3 .) Another similar bar is brought into various positions near it:

escribe the phenomena. (¢.) A wire conveying a powerful electric current

is brought into a position above it, and parallel to the direction in which
it rests when undisturbed : what results ?

752. Why does a galvanic battery of very large plates give a stronger
:and more constant current through a metal wire of moderate dimensions



APPENDIX. 175

than another battery of the same kind, and of the same number of plates,
but smaller ? If the comparison is made, with two batteries of moderate
dimensions, but with several miles of very fine wire, why is it that the
larger plates show no sensible advantage ?

753. State Oersted’s discovery in electro-magnetism. If in the neigh-
bourhood of a long horizontal telegraph wire, running magnetic north
and south, four magnetic needles be hung above it, below it, and level
with it on its two sides, how will they act if an electric current is sent
through the wire in either direction for a time, and then reversed, and
kept flowing in the ogEosiw direction—each needle being free only to
turn horizontally? [The mutual magnetic action between the needles is
supposed to be insensible.]

g54. Explain fully any form of galvanometer and its object. Why
would a galvanometer, with its needle free to be deflected without limit,
be inconvenient for use in an ordinary telegraphic * needle” instrument ?

755. Explain what is meant by lines og!:mgnetio or electro-magnetic
force. Describe in a general way the lines of force in the neighbourhood
of (a) an electrified conducting globe not sensibly influenced by any other
electrified bodies ; (b) a thin steel bar magnet ; (c) a circular ring, through
which an electric current is maintainetf;tl and 1illustrate by diagram in
each case. :

756. If a bar of copper be held at right angles to two parallel copper
bars, and pressing on them, in what position relatively to the direction of
the dipping needle must the parallel bars be held, so that when they are
connected with the electrodes of a galvanometer, and when the first bar is
moved along them, the current o%served may be a maximum with the
given velocity of the motion ?

57. A magnetised bar is hung by a fine thread, or otherwise supported,
80 a3 to have perfect freedom to turn horizontally about its centre, and a
large solid block of copper is fixed very near it, above or below; when
de(feected and left to vibrate, it is found to come to rest much sooner than
when the copper block is removed. What is the nature of the ultimate
dynamical eftect or energy generated as the equivalent to the energy of
vibration lost? If a ball of copper is turned very rapidly between the
poles of ‘a powerful magnet, it is found to become heated ; by what inter-
mediate agency is this effect produced ?

758. n a piece of common commercial zinc is dropped into water
acidulated with sulphuric acid, what takes place? Explain the chemical
affinity and substitution which cause the phenomena. If a plate of amal-
gamated zinc or of perfectly pure zine, with a fragment of copper or

latinum attached to it, be used similarly, what is observed ? lain
ina general way the course of the electric currents developed in this
second case.

759. Why is it that if an iron ship be coppered below water, every
part of the iron moistened by the sea is rai)idly eaten away ? Show that
no vitreous or other paint or varnish applied in any way to either the
copper or the iron surface can protect more of the iron surface than it
ocovers, unless it prevents altogether, or nearly so, the access of sea-water
to the copper, or insulates the copper from metallic connection with the
iron.

760. Show how the hypothesis of two electric fluids is applied to explain
the electrification of an insulated conductor by influence.
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‘Miscellaneous Questions, 164.
Morse printing instrument, 45—57.

Names, 22.
Needles and ha.nd.les, opposite move-
ment of, 13!

charges lor,
-Offences, and their punishment, 180.

Oﬂiomls out of door to report damage
to works, 100,

Parentheses, charge for, 22
Pensions, 11,
Pillar 1 t‘;-(-iboxes, telegrams may be

deposi

Pneumatic tub the, 81—83.

Post, delivery t] ough 29.

Postal telegraph mstmments, ar.

Postal telegraph codes, &ec., 83

‘Postal telegraph office codes,

I-‘oetlnfasterul or clerk in charge, duties
o 8.

Postmasters’ horses,

INDEX.

Received form, 94.
Received messages, abstract of, 102.
Re-direction of tclegrams, charge for,

21,
Repeating, or test of accuracy, 20.
Replies, prepayment for, 21.
Rural messengers, telegrams may
be deposited with, 27.
Russell’s electric semaphore, 123, 124.
Russell’s repeating signal, 124—126.

Saunt}ers’ patent block instrument,
1
Schools of ’].‘elegraphy, 13.

Becrecy, 9.
Seou.nty,
+ Service commumca.twns,
tions, affixes, and prefixes
Share list, the, 101.
Short charges, 80.
Siemen’s nw.gnetlc 80.
Signal, the ““call,” 93.
Signals, sxmllanty of, 91
Smglg needle mstmment, the, 38—43.
Spagnolettl’s disc telegraph instru-

abbrevia-
to, 88.

Practtcal tel:fraphy, questlons on, 156 ment, 12
Pr ceder S f 1 dehvery of telegrams, charges
or,
Preﬁxi;s to service commumcahons, Sta.mpe’d forms, price of, 23.
Stam; t b,
Prepayment of telenmms, 24, stmﬁ&a‘%men v, %
Press pass-book, 25. Bwitches, 87.
gnong messages, 97. .

-Private wire q T 1 h domestic bells, 133,
payment for, 24. Jegraphi 1i ns
BRI s e S S

C NEWS, C! given for,
Pumshment’s, » gnme w%l;‘f Dass, 126, 127.

‘Quarrelling as to possession of line for-
bldden,

and practmal telegmphy (Appen
dix), 14

Races, reporting dates of, 59.
Ra.ll;;vay companies’ message forms,

lectricity.

lewa'y companies’ messages free of

arge, 26.
Railway eompames’ private wires, 111.
Railway pass-book, 28.
Railway private message affixes, pre-
ﬁxes, and abbreviations, 111.
Baxlwag train telegraph, 113; block
nalling tels ents, ui‘,-}ﬁ gamdmg;
ap! aunders'
block, 116—118; Tyer’s

mstmment, 121—122; train
glzgmph wire, 129,

Transmitted form B, 684,

Transmitting statis
Triplicate egramz?%lhuge for, 21.
Tyer’s train signalling telegraph, 119.

TUndelivered messages, 102.
TUnderlined words, charge for, 22,
Unduti&refglrence rﬁﬁ message; 7.

e words, charge for, 22.
Unekiital clerks, ’
Unstamped forms,

! TUseful hints, 131.

Wa.lé lette;‘liaoxes, telegrams may be
Weather, stabe of, ‘to be telegraphed

eatszme’s automa

B C system, 79—1-:.
'Wilder”s A B C instrument, 81.
to be kept

‘Wires, defects in, 132;
ean, 183,
‘Words liable to be mistaken, 91.
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2 WEALE'S RUDIMENTARY SERIES.

WEALE'S RUDIMENTARY SCIENTIFIC SERIES.
ﬂ"’i,’

*«* The volumes of this Series are freely Illustrated with
‘Woodcuts, or otherwise, where requisite. roughout the fol-
lowing List it must be understood that the books are bound in
limp cloth, unless otherwise stated; duf the wolumes marked
w:;% a } may also be had strongly bound in cloth boards for 6d,
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IV.B.—In‘ Yaf’dfrfrgg jl'mm this List it 15 recommended, as a

of 1 2 an, g ervor, lo guole the
numbers affixed to the volumes, as well as the titles and prices.

No. ARCHITECTURE, BUILDING, ETC.

16. ARCHITECTURE—ORDERS—The Orders and their Asthetic
Principles. By W, H. Lreps. Illustrated. 1s. 6d.

17. ARCHITECTURE—STYLES—The History and Description of
the Styles of Architecture of Various Countries, from the Earliest to the
Present Period. By T. TaLsor Bury, F.R.I.B.A., &c.  Illustrated. 2s.

*.* ORDERS AND STYLES OF ARCHITECTURE, 17z One Vol., 3s. 6d.

18, ARCHITECTURE—DESIGN—The Principles of Design in
Architecture, as deducible from Nature and exemplified in the Works of the

Greek and Gothic Architects. By E. L. GARBETT, Architect. Illustrated. 2s.6d. -

8% The three freudx‘nf Works, in One kandsome Vol., half bound, entitled
¢ MODERN ARCHITECTURE,”’ price 6s.

22. THE ART OF BUILDING, Rudiments of. General Principles
of Construction, Materials used in Building, Strength and Use of Materials,
‘Working Drawings, Specifications, and Estimates. By E. DoBsoN, 2s.3

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac-
ture of; containing an Outline of the Principles of Brickmaking. By Epw.
Dosson, M.R.I.B.A. With Additions by C. TomLInsON, F.R.S. Illustrated, 3s.%

25. MASONRY AND STONECUTTING, Rudimentary Treatise

on; in which the Principles of Masonic Proigction and their aﬁplication to
the Construction of Curved Wing-Walls, Domes, Oblique Bridges, and
Roman and Gothic Vaulting, are concisely exgained. By Epwarp Dosson,
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s. 6d.3

44. FOUNDATIONS AND CONCRETE WORKS, a Rudiment:
Treatise on; containing a Synopsis of the princisa.l cases of Foundation
‘Works, with the usual Modes of Treatment, and Practical Remarks on
Footings, Planking, Sand, Concrete, Béton, Pile-driving, Caissons, and
Coﬂ'erds:ms. By E. DossoN, M.R.I.B.A., &c. Fourth Edition, revised by
GeorGe Doop, C.E. Illustrated. 1s.6d.

42. COTTAGE BUILDING. By C. BRUCE ALLEN, Architect.
Ninth Edition, revised and enlarged. Numerous Illustrations. 1s. 6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,
PLASTERING, &c. By G. R. BurneLt, C.E. Eleventh Edition. xs. 6d.

§7. WARMING AND VENTILATION, a Rudimentary Treatise
on; bein%va concise EB:osition of the General Principles of the Art of Warm-
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses,
hips, &c. By CHARLES ToMLINSON, F.R.S., &c. Illustrated. 3s.

83**, CONSTRUCTION OF DOOR LOCKS. Compiled from the
Papers of A. C. Hosss, Esq., of New York, and Edited by CrARLES Tom-
rinsoN, F.R.S. To which is added, a Description of Fenby’s Patent Locks
and a Note upon IrRoN SAFEs by Ropert MALLET, M.I.C.E. TIllus. 2s. 6d

111, ARCHES, PIERS, BUTTRESSES, &c.: Experimental Essa;

on the Principles of Construction in; made with a view to their being usefu
to the Practical Builder. By WiLLiAN Branp. Illustrated. 1s. 6d.

™ The § indicates that these vols. may be had strongly bound af6d. extra.
LONDON : CROSBY LOCKWOOD AND CO.y
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WEALE'S RUDIMENTARY SERIES. 3

Architecture, Building, etc., continued.

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The
Principles of the Science of Sound aﬂ)lied to the purposes of the ‘Architect and
Builder. By T. Rocer SmitH, M.R.I.B.A., Architect. Illustrated. 1s.6d.

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards
Carpentry and Joinery. Deduced from the Works of RosisoN, Prick, and
TrepcoLD. Illustrated. 1s. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.
By T. A. RICHARDSON, Architect. Illustrated. 1s. 6d.

128, VITRUVIUS —THE ARCHITECTURE .  OF MARCUS
VITRUVIUS POLLO. 1In Ten Books. Translated from the Latin by
Josepn GwiLt, F.S.A., F.R.A.S. With 23 Plates. §s.

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles
of Beauty in ; with an Historical View of the Rise and Progress of the Art in
Greece. By the EARL OF ABERDEEN, Is.

*2* The two preceding Works in One handsome Vol., kalf dound, entstled “ ANCIENT
. ARCHITECTURE,” price 6s.

16, 17, 18, 128, and 130, in One Vol., entitled *° ANCIENT AND MODERN ARCHITEC-
TURE,” Aalf bound, 12s.

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a
pair of Semi-detached Villas, with the Specification, Quantities, and Esti=
mates, and every requisite detail, in sequence, for their Construction and
Finishing. ByS. H??)Rooxs, Architect. New .ﬁdition, with Plates. 2s. 6d.¢

156, QUANTITIES AND MEASUREMENTS, How to Calculate and
Take them in Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paper-
hangers’, Gilders’, Smiths’, ,Carpenters’, and Joiners’ Work. A. C.
BeaToN, Architect and Surveyor. New and Enlarged Edition. Illus. 1s. 6d.

175. LOCKWOOD & CO.’S BUILDER’S AND CONTRACTOR'S
PRICE BOOK, for 1881, containing the latest Prices of all kinds of Builders’
Materials and Labour, and of all Trades connected with Building: Lists of
the Members of the Metropolitan Board of Works, of Districts, District
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by
Francis T. W, MILLER, Architect and Surveyor. 3s. 6d.; half bound, 4s.

182. CARPENTRY AND FOINERY—THE ELEMENTARY PRIN-
CcIPLES OF CARPENTRY. hiefly composed from the Standard Work of
TuomAs TrebcoLp, C.E. With Additions from the Works of the most

. Recent Authorities, and a TREATISE ON JOINERY by E. WyNDHAM
TARN, M.A. Numerous Illustrations. 3s. 6d.

182¢. CARPENTRY AND FOINERY. ATLAS of 35 Plates to
accompany the foregoing book., With Descriptive Letterpress. 4to. 6s.;
cloth boards, 7s. 6d.

187. HINTS 70 YOUNG ARCHITECTS. By GEORGE WIGHT-
wick. New, Revised, and enlarged Edition.” By G. HuskissoN GUILLAUME,
Architect. ~ 'With numerous Woodcuts. 3s. 6d.3

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN
WRITING: A Practical Manual of, containing full information on the
Processes of House-Painting, the Formation of Letters and Practice of
Sign-Writing, the Principles of Decorative Art, a Course of Elementary
Drawing for House-Painters, Writers, &c., &c. With g Coloured Plates of
Woods and Marbles, and nearly 150 Wood Engravings. By Erris A.
Davipson. Third Edition, care?ully revised. ss. cloth limp; 6s. cloth

boards.
189. THE RUDIMENTS OF PRACTICAL BRICKLAYING.
In Six Sections: General Principles; Arch Drawing, Cutting, and Setting ;
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical
f Geometry, Mensuration, &c. By ApAm Hammonp, Illustrated. 1s.6d.
J o 191. PLUMBING. A Text-Book to the Practice of the Art or Craft of
b2 the Plumber. With Chapters upon House Drainage, embodyinf the latest
i Improvements. Secornd dition, enlarged. Containing 300 Illustrations.
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.t

- B~ 7The t indicales that these vols. may be had strongly boynd at 6d. extra.
7 STATIONERS’ HALL COURT, LUDGATE. HILL, E.C:
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4 WEALE'S RUDIMENTARY SERIES.

Architecture, Building, etc., continued.

192. THE 7TIMBER IMPORTER'S, TIMBER MERCHANT’S,
and BUILDER’S STANDARD GUIDE ; comprising copious and valu-
able Memoranda for the Retailer and Builder. gy RicHArRD E. GRANDY.
Second Edition, Revised. 3s.t

208. THE ART OF .LET.'Z;‘ER PAINTING MADE EASY. By

/i] . G. BApENOCH. Illustrated with 12 full-page Engravings of Examples. 1s.

206. BOOK ON BUILDING, Civil and Ecclesiastical, including

CHURCH ResTorATION. With the Theory of Domes and the Great Pyramid,
&c. By Sir Epmunp BeckerT, Bart.; LL.D., Q.C., F.R.A.S. Second gﬁition,
enlarged, 4s. 6d.}

CIVIL ENGINEERING, ETC.
219. C/VIL ENGINEERING. By HENRY LAw, M.Inst. C.E.

Including a Treatise on HyDpRAULIC ENGINEERING by GEo. R. BURNELL,
M.Inst.C.E. Sixth Edition, revised, witH LARGE ADDITIONS ON RECENT
PracTice IN CiviL ENGINEERING, by D.  KINNEAR CrArk, M.Inst. C.E.,
Author of *“ Tramways : Their Construction,” &c. 6s. 6d., Cloth boards, 7s. 6d.

20. THE DRAINAGE OF DISTRICTS AND LANDS. By G.

DRryspALE Dempsey, C.E. [New Edition in preparation.
30. THE DRAINAGE OF TOWNS AND BUILDINGS. By
G. DryspaLe Dewmpsey, C.E. [New Edition in preparation.

31. WELL-DIGGING, BORING, AND PUMP-WORK. BEy Jonn
GEORGE SWINDELL, A.R.I.B.A. New Edition, by G. R. BurngLt, C.E. 1s.6d.

35. THE BLASTING AND QUARRYING OF STONE, for
Building and other Purposes. With Remarks on the Blowing up of Bridges.
By Gen. Sir Joun BurGoynEe, Bart., K.C.B. Illustrated. 1s. 6d.

62. RAILWAY CONSTRUCTION, Elementary and Practical In-
structions on the Science of. By Sir M. StepHENsoN, C.E. New Edition
by Epwarp NucenTt, C.E. With Statistics of the Capital, Dividends, and
‘Working of Railways in the United Kingdom. By E. D. CHATTAWAY. 4s.

80%. EMBANKING LANDS FROM THE SEA, the Practice of.
Treated as a Means of Profitable Employment for Capital. With Examples
and Particulars of actual Embankments, &c. By J. Wicains, F.G.S. 2s.

81. WATER WORKS, for the Sug)ply of Cities and Towns. With
a Description of the Principal Geol oFicql Formations of England as in-
fluencing Supplies of Water; and Details of Engines and Pumping Machinery
for raisin Vgater. By SamueL HugHes, F.G.S., C.E. New Edition. 4s.f

117, SUBTEI%RANEOUS SURVEYING, an Elementary and Prac-
tical Treatise on. By TuomAs FEnwick. Also the Method of Conducting
Subterraneous Surveys without the Use of the Magnetic Needle, and other
Modern Improvements. By THoMas BAker, C.E. Illustrated. 2s.6d.3

118. CIVIL E]&GINEER]NG IN NORTH AMERICA, a Sketch
of. By Davip Stevenson, F.R.S.E., &c. Plates and Dila]grams. A;s.

197. ROAlgS AND STREETS (THE CONSTRUCTIO OF),
in two Parts: I. THE ART oF CONSTRUCTING COMMON Roaps, by Henry
Law, C.E,, revised and condensed I:y D. KINNEAR CLARK,C.E.; iI. Recenr

. PrRACTICE, including pavements of Stone, Wood, and Asphalte. Second
Edition‘ revisedhl}y D. K. CrLArx, M.I.C.E. Zs. 6d.3

203. SANITARY WORK IN THE SMALLER TOWNS AND IN
VILLAGES. Comprising:—~1. Some of the more Common Forms of
Nuisance and their Remedies; 2, Drainage; g Water Sugply. A_useful
. book for Members of Local Boards and Rural Sanitary Authorities, Health
‘Officers, Engineers, Surveyors, &c. By CHARLES S1AGG, A.I.C.E. 2s,6d.}

212, THE CO. STRUCTIYONP OF GAS-WORKS, and the Manu-
facture and_ Distribution of Coal Gas. Originally written by Samusr
HucHes, C.E, Sixth Edition, re-written and much Enlarged by WiLLiAx
RIcHARDS, C.E. With 72 Illustrations. 4s. 6d.} { {us{ published.

213. PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New Coun-

tries. By Epwarp DossoN, Assoc. Inst. C.E. 4s. 6d.%

@™ The t tndicates that these vols, may be kad strongly bound af 6d. extra. )
LONDON : CROSBY LOCK\VOOP AND(CQ,, )
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MECHANICAL ENGINEERING, ETC.

33. CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By

osEPH_GLYNN, F.R.S., &c. Illustrated. 1s.6d.

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr.
LARDNER. Illustrated. 1s. 6d. .

59. STEAM BOILERS : their Construction and Management. By
R. ArmstrONG, C.E. Illustrated. 1s. 6d.

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise
on. By Sir EDMUND BECKETT élate Epmuxnp Beckert Denison), LL.D., Q.C.
A New, Revised, and considerably Enlarged Edition (the 6th), ith very
numerous Illustrations. 4s. 6d. cloth limp; ss. 6d. cloth boards, gilt.

82. THE POWER OF I}’A TER, as applied to drive Flour Mills,
and to give motion to Turbines and other Hydrostatic Engines, By Josepn
GLYNN, F.R.S., &c. New Edition, Illustrated. 2s.t .

98. PRACTICAL MECHANISM, the Elements of; and Machine
Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by
J. NasmytH, C.E. Plates. 2. 6d.% i L. .

114, MACHINERY, Elementary Principles of, in its Construction and
‘Working. By C.D. Aser, C.E. 1s. 6d. .

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory
of, with Rules and Examples for Practical Men. ByT. BAKER, C.E. 1s.6d.

162. 7HE BRASS FOUNDER'S MANUAL ; Instructions for
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,
Bronzing, &c. With copious keceipts, &c. By WALTER GRAHAM. 2s8.%

164. MODERN WORKSHOP PRACTICE, as a%phcd to Marine,
Land, and Locomotive Engines, Floating Docks, Dredging Machines,
Bridges, Cranes, Ship-building, &c., &c. Byiiq. Winton. Illustrated. 3s.t

165. JRON AND HEAT, exhibiting the Principles concerned in the
Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of
Heat in the Smelting Furnace. By J. ARMoUR, C.E. 2s. 6d.% .

166. POWER IN MOTION : Horse-Power, Toothed-Wheel Gearing,
Long and Short Driving Bands, and Angular Forces. By J. ARMOUR, 2s.6d.%

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER
‘WORKS. By Francis Campin, C.E. 2s. 6d.3

171. THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By Joun Maxrton, Engineer. Fourth Edition. Illustrated
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.3 .

190. STEAM AND THE STEAM ENGINE, Stationary and
Portable. Being an extension of Mr, John Sewell’s “ Treatise on Steam.”
By D. K. CLARK, M.I.C.E. Second Edition, revised. 3s. 6d.%

200, FUEL, its Combustion and Economy. By C. W. WILLIAMS,
A.I.C.E. With extensive additions on Recent Practice in the Combustion
and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, &c.—by D. K.
CLARK, M.I.C.E. 2nd Edition. 3s.6d.t A

202. LOCOMOTIVE ENGINES. By G. D. DEMPSEY, C.E.; with
lhair¥ecadEditions treating of the Modern Locomotive, by D. KINNEAR CLARK,

. . 3s.%

211. THE BO;LERMAKER’S ASSISTANT in Drawing, Tem-
lating, and Calculating Boiler and Tank Work. By Joun CourTnEY,
ractical Boiler Maker. Edited by D.K. CLARK, C.E. 100 Illustrations. 2s.

216. MATERIALS AND CONSTRUCTION; A Theoretical and

Practical Treatise on the Strains, Designing, and Erection of Works of Con-
struction. By Francis Campin, C.E. 3s.3 [(Fust pubdlisked.

217. SEWING MACHINERY, being a Practical Manual of the

Sewing Machine; comprising its History and Details of its Construction,
with full Technical Directions for the Adjusting of Sewing Machines. Ry
J. W. UrQuHArT, C.E. 12s.t [Fust published.
223. MECHANICAL ENGINEERING, A Practical Treatise on.
Comprising _Metallurgy, Moulding, Casting, Forging, Tools, ‘Workshop
Maclln)inc , Mechanical Manipulation, Manufacture of the Steam Engine,
&c. By ?RAN(‘IS CAMPIN, C.E. 2s, 6d.% [Fust published.

BS™ The t indicales that these vols. may be had strongly bound at 6d. ex?ra.

7) STATIONERS' HALL COURT; LUDGATE HILL, E.C.
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SHIPBUILDING, NAVIGATION, MAR—INE
ENGINEERING, ETC.

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi-
tion of the Elementary Principles of the Science, and their Practical Appli-
cation to Naval Construction. Compiled for the Use of Beginners. By

AMES PEAKE, School of Naval Architecture, H.M. Dockyard, Portsmouth.
'ourth Edition, corrected, with Plates and Diagrams. 3s. 6d.3

53*. SHIPS FOR OCEAZV AND RIVER SERVICE, Elementary
and Practical Principles of the Construction of. By HAkoN A. SoMMER-
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix. 1s.6d.

53%%. AN ATLAS OF ENGRAVINGS to Illustrate the agove. Twelve
large folding plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAK]'NG, AND RIGGING OF SHIPS,
Rudimentary Treatise on. Also Tables of Spars, Rigging, Blacks; Chain,
‘Wire, and Hemp Ropes, &c., relative to every class of vessels, With an
Appendix of Dimensions of Masts and Yards of the Royal Navy. By ROBERT
KippING, N.A. Fourteenth Edition. Illustrated. 2s.%

54*. JRON SHIP-BUILDING. With Practical Examples and Details
for the Use of Ship Owners and Ship Builders. By JouN GRANTHAM, Con-
sulting Engineer and Naval Architect. sth Edition, with Additions. g4s.

54%*. AN ATLAS OF FORTY PLATES to lllustrate the above.
Fifth Edition, Including the latest Examples, such as H.M. Steam Frigates
¢ Warrior,” ‘ Hercules,” * Bellerophon ;’’ H.M. Troop Ship *Serapis,”
Iron Floating Dock, &c., &c. 4to, boards. 38s.

ss. THE SAIEOR '$ SEA BOOK: a Rudimentary Treatise on
Navigation. Part I. How to Keep the Log and Work it off. Part II. On
Finding the Latitude and Longitude. By JAmEs GrReenwoop, B.A. To
which are added, the Deviation and Error of the Compass; Great Circle
Sailing ; the International ﬁommercnal) Code of Signals; the Rule of the
Road at Sea; Rocket and Mortar Apparatus for_Saving i,ife; the Law of
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts
and Coloured Plates of Flags. New, thoroughly revised and much enlarged
edition. By W. H, RossEr. 2s. 6d. .

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise
on. Together with Practical Remarks on the Screw and Propelling Power,
as used in the Royal and Merchant Navy. By RoBERT MURRAY, C.E.,
Engineer-Surveyor_to the Board of Trade. With a Glossary of Technical
Terms, and their Equivalents in French, German, and Spanish. Seventh
Edition, revised and enlarged. Illustrateé. 3s.% .

83bis. THE FORMS OF SHIPS AND BOATS : Hints, Experiment-
ally Derived, on_some of the Principles regulating Ship-building. By W,
BLAND. Seventh Edition, revised,with numerous Illustrations and Models.1s.62.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory
and Practice. With Attemlgts to facilitate the Finding of the Time and the
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in
Belfast College. Illustrated. 2s.6d. . .

100%, TABLES intended to facilitate the Operations of Navigation and
§autical Astgonomy, as an Accompaniment to the above Book. By J.R.

OUNG. 1Is. 6d.

106, SHIPS' ANCHORS, a Treatise on. By G. COTSELL, N.A. 1s.6d.

149. SAILS AND SAIL-MAKING, an Elementary Treatise on.
‘With Draughting, and the Centre of Effort of the Sails. Also, Weights
and Sizes of Ropes: Masting, Rigging, and Sails of Steam Vessels, &c., &c.
Eleventh Edition, enlarged, with an Appendix. By RoBerT KIPPING, ﬁ.A.,
Sailmaker, Quayside, Newcastle. Illustrated. 2s.6d.t

185. THE ENGINEER 'S GUIDE 70 THE ROYAL AND
MERCANTILE NAVIES. By a PrAcTICAL ENGINEER. Revised by D.
F. M‘CARTHY, late of the Ordnance Survey Office, Southampton. _ 3s.

85 PRACTICAL NAVIGATION. Consisting of The  Sailor’s

g Sea-Book. By JamEs Greenwoop and 'W. H. Rosser.  Together with
204 the requisite Mathematical and Nautical Tables for the Working of the
* Problems. By Henry LAw, C.E., and J. R. Young, formerly Professor of
Mathematics in Belfast College. Illustrated with numerous Wood Engrav-

ings and Coloured Plates. 7s. Strongly half-bound in leather.

© Q5™ The t indicates that these vols. may be kad strongly bound at 6d. extra.
LONDON : CROSBY LOCKWOOD 'AND COiy




WEALE'S RUDIMENTARY SERIES. 7

PHYSICAL SCIENCE, NATURAL PHILO-
SOPHY, ETC.

1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE
Fownes, F.R.S. With an Appendix on the Application of Chemistry to

}:Zriculture. 18.
2. NATURAL PHILOSOPHY, Introduction to the Study of; for
the Use of Beginners. By C. ToMLINSON, Lecturer on Natural Science in
Kl]l:}'s College School, London. Woodcuts. 1s. 6d.
- MINERALOGY, Rudiments of; a concise View of the Properties
of Minerals. B§ A. Raumsay, Jun. Woodcuts and Steel Plates. 3s.t
. MECHANICS, Rudimentary Treatise on; being a concise Ex-
position of the General Principles of Mechanical Science, and their Applica-
tions. Bk CuarLEs TomLINSON. Illustrated. 1s. 6d.
. E’SLﬁCT IdCéTY i showmgh tl;e Ghenebral Princ?]es of Electrical
cience, an e purposes to which it has been applied. i . 8
HArris, F.R.S., &c.rp With Additions by R. SABlgg, C.E.,B Igéc"iwu'égw
7*. GALVANISM, Rudimentary Treatise on, and the General Prin-
ciples of Animal and Voltaic Electricity. By Sir W. Sxvow HARmis. New

Edition, with considera])leAdditioqs by RoBERT SaBINE, C.E., F.S.A. 1s.6d.

. MAGNETISM ; being a concise Exposition of the General Prin-
ciples of Magnetical Science, and the Purposes to which it has been applied.
By Sir W. Sxow Harris. New Edition, revised and enlaxed by H. M.
Noap, Ph.D., Vice-President of the Chemical Society, Author of “A
Manual of Electricity,” &c., &c. With 165 Woodcuts. 3s. 6d.3

II. THhEDELECTR{d TELEGRAPH; its History and Progress;

with Descriptions of some of the Apparatus. By R. SaBing, C.E., F.S.A. 3s.

12. PNEUMATICS, for the Use of Beginners. By’ CAnrEs

TomrinsoN. Illustrated. 1s. 6d.

72 MANUAL OF THE MOLLUSCA ; a Treatise on Recent and
Fossil Shells, By Dr. S. P. WoopwARrDp, A.L.S. Fourth Edition. With
Appendix by RaLpH TATE, A.L.S,, F.G.S. With numerous Plates and 3oo

oodcuts. _6s. 6d. Cloth boards, 7s. 6d. ..

79**. PHOTOGRAPHY, Popular Treatise on; with a Description of

the Stereoscope, &c. Translated from the French of D. VAN MONCKHOVEN,
by W. H. THORNTHWAITE, Ph.D. Woodcuts. 1s.6d.

96. ASTRONOMY. By the Rev. R. MaIN, M.A., F.R.S., &c.
New Edition, with an Appendix on ‘‘ Spectrum Analysis.” Woodcuts. 1s.6d

97. STATICS AND DYNAMICS, the Principles and Practice of j

an

[~

-~

[+

embracing also a clear develop t of Hydrostatics, Hydrody )
Central Forces. By T. Baker, C.E. 1s.6d.

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy,
Telegraph Clerks’ Remembrancer, and Guide te Candidates for Employ
ment in the Telegraph Service. By R. Bonp. Fourth Edition, revised and
enlarged : to which is a ended,'&UESTIONS on MAGNETISM, ELEC-
TRICITY, and PRACTICAL LEGRAPHY, for the Use of Students,
by W. MCGREGOR, First Assistant Supnt., Indian Gov. Telegraphs. 3s.2

143. EXPERIMENTAL ESSAYS. By CHARLES TOMLINSON.
I. On the Motions of Camphor on Water. II. On the Motion of Camphor
towardsthe Light. III, History of the Modern Theory of Dew. Woodcuts. 1s.

173. PHYSICAL GEOLOGY, partly based on lK’[ajot-General PORT-
LocK’s “ Rudiments of Geology.” By RALpH TATE, A.L.S., &c. Woodcuts. 2s.

174, HISTORICAL GEOLOGY, partly based on Major-General
PorTrock’s “ Rudiments,” By RaLpu TatTe, A.L.S., &c. Woodcuts. 2s. 6d.

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

& Historical. _Partly based on Major-General PorTLOCK’S  Rudiments of
174. Geology.” By RaLrH TaTE, A.L.S,, F.G.S., &c. In One Volume. 4s. 6d.%
183 ANIMAL PHYSICS, Ha)'ldbook of. fo Dr. LARDNER, D.C.L.,
& formerly Professor of Natural Philosophy and Astronomy in University
184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards.

*» Sold also in Two Parts, as follows :—

183. ANIMAL Puysics. By Dr. LARDNER. Part I., Chapters I.—VII. x{ys.
184. ANIMAL Puysics. By Dr. LARDNER. Part II., Chapters VIII.—XVIII. 3s.

GEE™ The t indicales that these vols. may be had strongly bound at 6d. extra.
7 STATIONERS’ HALL COURT, LUDGATE HIIL, E.C.




8 WEALE'S RUDIMENTARY SERIES,

MINING, METALLURGY, ETC.

117. SUBTERRANEOUS SURVEYING, Elementafly and Practical
Treatise on, with and without the Magnetic N eedle HOMAS FnNchx,
Surveyor of Mines, and THoMAS BAKEK, C.E. Illustrated 2s.

133. METALL URGY OF COPPER ; ; an Introduction to the Methods
of Seeking, Mining, and AssaBmg Copper, and Manufactunng its Alloys.

RoBerT H. LAMB cuts. 2s.

134. Mi‘TALLURGY OF 'SILVER AND LEAD. A Description

of the Ores; their Assay and Treatment and valuable Constituents. By Dr.
H. LAMBORN. Woodcuts, 2s.

135. ELECTRO-METALLURGY Practlc Treated. By ALEX-
ANDER WaTT, F.R.S.S.A. 7th Edmon, revised, with xmportant additions,
including the hlectro-Deposntlon of Nickel, &c. " Woodcuts. 3s.3

172. MINING TOOLS, Manual of. For the Use of Mine Managers,

ents, Students, &c By WiLLIAM MORGANS. 2s. 6d.3
172%, M;NING TOOLS, ATLAS of Engravings to Illustrate the above,
containin Illustrations, drawn to Scale. 4to. 4s. 6d.; cloth boards, 6s.

176. ME TALiUi?GY OF IRON. Containing History of Iron Manu.
facture, Methods of Assay and Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, & By H. BAuERMAN, F.G.S. 4th Edition. 4s. 6d.3

180. COAL AND COAL MINING, A Rudimentary Treatise on,
By WaringToN W, SmytH, M.A., FRS Flfth Edition, revised and

- enlarged. With numerous Tllustrations. ust published.

195, THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved
Instruments; also the Correct PnncngVI s of La) mg out and Valuing mera‘
Properties. By ‘WirLiAM LINTERN, 15/ Civil Engineer. 3s.

214. SLATE AND SLATE QUARRYING, Scientific, Practical, and
Commercial. By D. C. Davies, F.G.S., Mining Eng:neer, &c. Wnth
numerous Illustrahons and Folding Plates. 3s.}

215. THE GOLDSMITH'S HANDBOOK, containing full Instruc-
tions for the Alloying and Working of Gold, mcludlng the Art of Alloying,
Melting, Reducing, Colouring, Collecting, "and Refinin ; Chemical an
Physical Properties of Gold; with a_New System of 1x|ng its Alloys;
Solders, Enamels, &c. By Georce E. GEB, Goldsmith and Silversmith.
Second Edition, considerably enlarged. 3s.t [Fust published.

THE SILVERSMITH'S HANDBOOK, -containing full In-
structions for the Alloying and Working of Silver. By GEORGE E, GEE.

220, MAGNETIC SURVEVING, AND ANGULAR  SURVEV-
ING, with Records of the Pecullanhes of Needle Disturbances. Complled
from the Results of carefully made Experiments. By WiLLIAM LINTERN,
Mining and Civil Engineer and Surveyor. 2s, (Fust published,

FINE ARTS.
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young
|Students and Amateurs in Architecture, Painting, &c. By GEORGE PyNE. 2s.
40 GLASS STAINING ; or, The Art of Painting on Glass. From
&  the German of Dr. Gsssznr ‘With an Appendix on THE ART OF ENAMEL-

41, JING, &c.; together with THE ART OF PAINTING ON Grass. From the
* German of EMANUEL OTT0 FROMBERG. In One Volume. 2s.
69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By CHARLES CHILD SPENCER, _ 2s. 6d.
;1. PIANOFOR 7% The Art of Playing the. With numerous Exer-
cises & I.essons. From the Best Masters, by CHARLES CHILD SPENCER. 1s 61,
181, PAINTING POPULARLY EXP. AINED, including Fresco,
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,
Pamtmg on Ivory, Vellum, Pottery, Enamel, Glass. &c. With Historical
Sketches of the Progress of the Art by THOMAS OHN Guu.lcx, assisted by
jOHN Timss, F.S.A. Fourth Edition, revised and enl. arﬁe
186. GRAMMAR OF COLOUR]NG Npplle to Decoratxve
Painting and the Arts. By GEORGE FIELD Edition, enlarged and
adapted to the Use of the Ornamental Painter and Designer. By ErLis A.
DavipsoN. With two new Coloured Diagrams, &c. 3s.t

_@‘ The t indicates that these vols. may be had stromgly bound at 6d. extra.
LONDON : CROSBY LOCKWOOD AND CO,, .




WEALE'S RUDIMENTARY SERIES, [+]

AGRICULTURE, GARDENING, ETC.
29. THE DRAINAGE OF DISTRICTS AND LANDS. By

G. DRYSDALE DEMPSEY, (New Edition in preparation.
66. CLAY LANDS & LOAM Y SOILS. By Prof. DONALDSON. Is.

131. MILLER’S, MERCHANT'S, AND FARMER’S READY
RECKONER, for ascertaining at slgbt the value of any quantity of Corn,
from One Bushel to One Hundred Quarters, at any given price, 2’ rom £1 to
£5 per Qr. roximate values of Millstones, Millwork, &c. 1s.

140. SOILS, A{ANUR£S AND CROPS. (Vol. 1. OUTLINES OF

MoperN FarMInNG.) By R. Scorr BurN. Woodcuts. 2s.

141. FARMING & FARMING ECONOMY, Notes, Historical and
Practical, on. (Vol. 2. OuTLINES OF MODERN FARMNG) By R. ScorT BURN. 3s.

142. STOCK, CATTLE, SHEEP, AND HORSES. (Vol. 3.

OuTLINES OF MODERN FARIIING) B R. Scort BurN. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By
R. Scon Burn. With Notes on the Dlseases of Stock. (Vol. 4. OUTLINES
oF MoDERN FARMING.) Woodcuts. 2s.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. §. OuTtLINES OF MODERN
FarMING.) By R. Scorr BurN, Woodcuts. 2s. 6d.

*2"¥ Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled * Oumuu oF
MoperN FARMING.” By RoBERT Scorr BurN, Price 12

177. FRUIT 7REES, The gclennﬂc and Profitable Culture of. From

the French of Du BRIUIL Revised by GEo. GLENNY. 187 Woodcuts. 3s.6d.t

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND
DIbEASES OF. By W. C. SpooneEr, M.R.V. C &c. Fourth Edition,
considerably enlarged; with numerous fine engravmgs, including some
specimens of New and Improved Breeds. 366 pp. 3s.6d.%

201. KITCHEN GARDENING MADE EASY. Showing how to
ky;epare and lay out the ground, the best means of cultivating every known

egetable and Herb, with cultural directions for the management of them all
the year round. By GEorGE M.F. .GLENNY, Author of “Floriculture,” &c. 1s.6d.}

207. OUTLINES OF FARM MANAGEMENT, and the Organi-
zation of Farm Labour: Treating of the General Work of the Farm; Field
and Live Stock; Details of Contract Work ; Specialities of Labour ; Econo-
mical Management of the Farmhouse and ottage, and their Domestic
Animals. By RoBerT Scort Burn. 2s.6d.3 [ Fust published.

208, QUTLINES OF LANDED ESTATES MANAGEMENT:
Treating of the Varieties of Lands, Methods of Farming, Farm Buildings,
Irrigation, Drainage, &c. By R. Scon Burn. 2s.6d.%

8,8 Nos. 207 & 208 1n One Vol., handsomely ”"’f bound, enlitled ** OUTLINES OF
LANDED ESTATES AND FARM MANAGEMENT.” By R. ’Scort BUrN. Price 6s.

209. THE TREE PLANTER AND PLANT PROPAGATOR :
Being a Practical Manual on the Progagatlou of Forest Trees, Fruit Trees,
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c.; with numerous Illus-
trations of Grafting, Layering, Budd\ng, Cuttings, &c., Useful Implements,
Houses, Pits, &c. By SAMUEBL Woopn. 2s.% [Fust publisked.

210, THE TREE PRUNER : Being a Practical Manual on the
Pruning of Fruit Trees, including also their Training and Renovation ; also
treating of the Pruning of Shrubs, Climbers and Flowering Plants. By
SamMueL Woob. 2s.% [(Fust published.

%4* Nos. 209 & 210 12 One Vol., lzana'.mme’y ﬁalf dound, entitled ‘‘ T TRER
PLANTER, PROPAGATOR AND PrRUNER.” By SamueL Woop. Price 5s.

219. THE HAY AND STRAW MEASURER : Being New Tables
for the Usc of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c.,
forming a complete Calculator and Ready-Reckoner, especially adapted to
persons connected with Agriculture. Third Edition. hy JouN STEELE. 2s.

222, SUBURBAN FARMING. The Laying-out and Cultivation of
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry,
and Pigs. By the late Prof. Jonn "DonaLpsos.  With Additions by
R. Scort BurN, Second Edition. 3s.6d.t [Fust published.

G~ The t indicates that these vols. may be kad strongly bound at 6d. extra.
7 STATIONERS’ HALL COURT, LUDGATE HILL, E.C,




10 WEALE’S RUDIMENTARY SERIES.

ARITHMETIC, GEOMETRY, MATHEMATICS,
ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which
their Construction and the Methods_of Testing, Adjusting, and Using them
are concisely Explained. By J. F. HEATHER, M.A., of the Royal lfilitary
Academy, Woolwich. Original Edition, in 1 vol., Illustrated. 1s. 6d.

8 ¥ In ordering the above, be careful fo say, * Original Edition” (No. 32), to distin-
guish it from the Enlarged Edition tn 3 vols. (Nos. 168-9-70.)

60. LAND AND ENGINEERING SURVEYING, a Treatise on;
with all the Modern Tmprovements. Arranged for the Use of Schools and
Private Students; also for Practical Land Surveyors and Engineers. By
T. Baker, C.E. New Edition, revised by EDWARD NuGent, C.E, Illus-
trated with Plates and Diagrams, 2s.t -

61*. READY RECKONER FOR THE ADMEASUREMENT OF
LAND. By ABRAHAM ARMAN, Schoolmaster, Thurleigh, Beds. To which
is added a Table, showing the Price of Work, from 2s. 6d. to £1 per acre, and
Tables for the Valuation of Land, trom 1s. to 41,000 per acre, and from one
pole to two thousand acres in extent, &c., &c. 1s. 6d.

+6. DESCRIPTIVE GEOMETRY, an Elementary Treatise on;
with a Theory of Shadows and of Perspective, extracted from the French of
G. MonGe, To which is added, a description of the Principles and Practice
of Isometrical Projection ; the whole being intended as an introduction to the
Application of Descriptive Geometry to various branches of the Arts. By
J. F HeAaTHER, M.A. Illustrated with 14 Plates. 2s.

178. PRACTICAL PLANE GEOMETRY : giving the Simplest
Modes of Constructing Figures contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. HeaTHER, M.A. With 215 Woodcuts. 2s.

179. PROYECTION : Orthographic, Topographic, and Perspective:

iving the various Modes of Delineating Solid Forms by Constructions on a
ingle Plane Surface. By J. F. HEATHER, M.A. [/n preparation.
“* The above three volumes will form a CoMPLETE ELEMENTARY COURSE OF ¢
MATHEMATICAL DRAWING.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases
and Forms in English, French, Italian, and German. By JAmes HAppon,
M.A., Arithmetical Master of King’s College School, London. 1s. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of its Theoretical Princi})les, and numerous Examplesfor Practice. For
the Use of Schools and for Self-Instruction. By J.R. YouNg, late Professor
of Mathematics in Belfast College. New Edition, with Index, 1s. 6d.

84*. A Kev to the above, containing Solutions in full to the Exercises, together
with Comments, Explanations, and Improved Processes, for the Use of
Teachers and Unassisted Learners. By J. R. Young. 1s. 6d.

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest,

8 5*, Annuities, Life Assurance, and General Commerce ; with various Tables by
which all Calculations may be greatly facilitated. By W. HipsLEY. 2s.

86. ALGEBRA, the Elements of. By JaMrEs HADDoON, M.A,,
Second Mathematical Master of King’s College School. With Aﬁpendix,
containing miscellaneous Investigations, and a Collection of Problems in.
various parts of Algebra. 2s.

86%. A Key AND CoMmPANION to the above Book, forming an extensive repository of
Solved Examples and Problems in Illustration of the various Expedients
nccessary in Algebraical Operations. Especially adapted for Self-Instruc-
tion. By J. R.%(OUNG. 1s. 6d.

88. EUCLID, THE ELEMENTS OF : with many additional Propositions

89. and Explanatory Notes: to which is prefixed, an Introductory Essay on
Logic. By Henry Law, C.E. 2s.6d.3

* ¥ Sold also separately, viz. :—
88, EucLip, The First Threc Books. By HeEnry Law, C.E. 1s.6d.
89. EucLip, Books 4, 5, 6, 11, 12, By HEnrY LAw, C.E. 1s. 6d.

K& The t indicales that these vols. may be had strongly bound af 6d. extra.
LONDON ¢ CROSBY LOCKWOOD AND CO.,




WEALE'S RUDIMENTARY SERIES. 11

Arithmetic, Geometry, Mathematics, etc., continued.
90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,
a Rudimentary Treatise on. By JaMEs HANN, late Mathematical Master of
King’s College School, London. A New Edition, re-written and enlarged
by Js R.Young, formeriy Profe of Math tics at Belfast College. 2s.%
91. PLANE TRIGONOMETRY, the Elements of. By JAMEs
HANN, formerly Mathematical Master of King’s College, London. 1s. 6d.
92. SPHERICAL TRIGONOMETRY, the Elements of. By JAMES
HANnN, Revised by CuarRLEs H. Dowring, C.E. 1s.
*s® Or with “ The Elements of Plane Trigonometry,” in One Volume, 2s. 6d. '
93. MENSURATION AND MEASURING, for Students and Prac-
tical Use. With the Mensuration and Levelling of Land for the Purposes of
Modern Engineering. By T. Baker, C.E. New Edition, with Corrections
and Additions by E. Nucent, C.E. Illustrated. 1s. 6d.
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By
HomersHAM Cox, B.A. Illustrated. 1s.
103. INTEGRAL CALCULUS, Examples on the. By JAMES HANN,
late of King’s College, London. Illustrated. 1s.
101, DIFFERENTIAL CALCULUS, Elements of the. By W. S, B.
‘Woornouse, F.R.A.S,, &c. 1s. 6d.
105. MNEMONICAL LESSONS. — GEOMETRY, ALGEBRA, AND
TRIGONOMETRY, in Easy Mnemonical Lessons. By the Rev. THoMAs

PenyncToN KIRkMAN, M.A. 1s. 6d.
136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-
Instsr&xction. By James Happon, M.A. Revised by ABRAHAM ARMAN.

DRAWING AND MEASURING INSTRUMENTS. Includ-
ing—I. Instruments employed in Geometrical and Mechanical Drawing,
and_in the Construction, Copying, and Measurement of Maps and Plans,
II. Instruments used for the purposes of Accurate Measurement, and for
Arithmétical Computations. K . F. HeATHER, M.A,, late of the Royal
Military Academy, Woolwich, Author of * Descriptive éeometry," &c., &c.
Tllustrated. 1s. 6d.

169. OPTICAL INSTRUMENTS. Including (more especially) Tele-
scopes, Microscopes, and Apﬁaratus for ﬁroducing copies of Maps and Plans
by Photography. By J. F. HeaTHER, M.A. Illustrated. 1s.6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—I. Instruments Used for Determining the Geometrical Features
of a portion of Ground. II. Instruments Employed in Astronomical Observa-
tions. By T. F. HEATHER, M.A. Illustrated. 1s.6d.

"* The above three volumes form an enlargement of the Author’s original 'work‘
“Matrematical Instruments: their Construction, Adjustment, Testing,and Use,’
the Thirteenth Edition of whick is on sale, price 1s. 6d.(See No. 32 1n the Series.)

168.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER,

169. ¢ M.A. Enlarged Edition, for the most part cntirely re-written. The 3 Parts as

170.) above, in One thick Volume. With numerous Illustrations. 4s. 6d.1

158. 7HE SLIDE RULE, AND HOW 70 USE IT; containing
full, easy, and simple Instructions to perform all Business Calculations with
unexampled rapidity and accuracy. By CHARLES HoAre, C.E. With a
Slide Rule in tuck of cover. 2s.6d.}

185. THE COMPLETE MEASURER ; setting forth the Measure-
ment of Boards, Glass, &c., &c.; Unequal-sided, Square-sided, Octagonal-
sided, Round Timber and Stone, and Standing Timber. With a Table
showing the solidity of hewn or eight-sided timber, or of any octagonal-
sided column. Compiled for Timber-growers, Merchants, and Surveyors,
Stonemasons, Architects, and others. By RICHARD ORTON. hird
Edition, with valuable additions. 4s.; strongly bound in lcather, ss.

196. THEORY OF COMPOUND INTEREST AND ANNUL
TIES; with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuitics, &c. By FEDOR THOMAN. 4s.}

B~ Tke t indicales that these vols, may be had strongly bound at 6d. extra.
7 STATIONERS’ HALL COURT, LUDGATE HILL, E.C.

18. 6d.
xgg A Kev 10 HApDON’S RUDIMENTARY ARITHMETIC. By A. ARMAN. 1s. 6d.
103,




12 WEALE'S RUDIMENTARY SERIES.

Arithmetic, Geometry, Mathematics, etc., continued.

199. INTUITIVE CALCULATIONS; or, Easy and Compendious
Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions ; together with Full Explanations of
Decimals and Duodecimals, several Useful Tables, &c. By Damer
O’GorMAN. Twenty-fifth Edition, corrected and enlarged by J. é. Young,
formerly Professor of Mathematics in Belfast College. 3s.t

204. MATHEMATICAL TABLES, for Trigonometrical, Astronomical,
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms.
By Henry Law, C.E. Together with a Series of Tables for Navigation
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe-
matics in Belfast College. New Edition. 3s. 6d.t

221, MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
TZIONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. S. ﬁ ‘WooLrnousg, F.R.A.S., F.S.S. Sixth Edition,
carefully revised and enlarged. 2s.3 [(Fust pubdlished.

MISCELLANEOUS VOLUMES.

36. A DICTIONARY OF TERMS wused in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH/E-
OLOGY, the FINE ARTS, &ec. By Joun WEALE. Fifth Edition. Revised
by Rosert HunT, F.R.S., Keeper of Mining Records. Numerous Illus-
trations. ss. cloth limp ; 6s. cloth boards.

50. THE LAW OF CONTRACIS FOR WORKS AND SER-
VICES. By Davin GiBBons. Third Edition, enlarged. 3s.t

112. MANUAL OF DOMESTIC MEDICINE. By R. GOODING,
B.A.,, M.D. Intended as a Family Guide in all Cases of Accident and
Emergency. 2s.t

112%, MANAGEMENT OF HEALTH. A Manual of Home and

Personal Hygicne. By the Rev. JAmes Barp, B.A. 1s.

150. LOGIC, Pure and Applied. By S. H. EMMENS. 1Is. 6d.

152, PRACTICAL HINIS FOR INVESTING MONEY. With
an Explanation of the Mode of Transacting Business on the Stock Exchange.
By Francis PLAYFORD, Sworn Broker. 1s. €d.

153. SEYLECTIONS FROM LOCKE’S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H. EMMENS.,_ 2s.

154. GENERAL HINTS 7O EMIGRANTS. Containing Notices
of the various Fields for Emigration. With Hints on Preparation for
Emigrating, Outfits, &c., &c. ith Directions and Recipes useful to the
Emigrant. With a Map of the World. 2s.

157. THE EMIGRANT'S GUIDE 7O NATAL. By ROBERT
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to
the present Date. Map. 2s.

193. HANDBOOK OF FIELD FORTIFICATION, intended for the
Guidance of Officers Preparing for Promotion, and especially adapted to the
requirements of Beginners. ‘X,Major W.W.KNOLLYS, F.R.G.S., 93rd
Sutherland Highlanders, &c. ith 163 Woodcuts. Js b4

194. THE HOUSE MANAGER : Being a Guide to Housekeeping.
Practical Cookery, Pickling and Preserving, Household Work, airy
Management, the Table and Dessert, Cellarage of Wines, Home-brewing
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable
Economy, Gardening Operations, &c. By AN OLp HOUSEKEEPER. 3s. 6d.%

194. HOUSE BOOK fTIu), Comprising :—I. THE HOUSE MANAGER.

112. Byan Orp Housekeeper. II. Domestic MEDICINE. By RALPH Goobpixg,

.D. III. MANAGEMENT OF HEALTH. By JAaMEes BAirp. In One Vol.,

112% strongly half-bound. 6s.

224. COACH BUILDING, A Practical Treatise, Historical and
Descriptive, containing full information of the various Trades and Processes
involved, with Hints on the gropet Keeping of Carriages, &. With §7
Illustrations. Ry JAmes W. Buraess, 2s. 6d.% [ Faest published.

@S~ 7he t indicates that these vols. may be had strongly bound at 6d. extra.
LONDON ; CROSBY LOCKWOOP AND CO,, i
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'EDUCATIONAL AND CLASSICAL SERIES.

. HISTORY. .
1. England, Outlines of the History of; more especially with

reference to the Origin and Progress of the English Constitution. By
‘WiLLiam Doucras Hamirton, F.S.A., of Her Majesty’s Public Record
Office. 4th Edition, revised. §s.; cloth boards, 6s.

. Greece, Outlines of the History of; in connection with the
Rise ot the Arts and Civilization in Europe. By W. DoucrLAs HAMIiLTON
of University College, London, and EpwARD LEvIEN, M.A., of Balliol
College, Oxford. 2s.6d.; cloth Boards, 3s. 6d.

. Rome, Outlines of the History of: from the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire.
By EpWARD LEVIEN, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s.6d.

9. Chronology of History, Art, Literature, and Progress,

trom the Creation oi the World to the Conclusion of the Franco-German War.

The Continuation by W. D. HamiLton, F.S.A. 3s.; cloth boards, 3s. 6d.
so. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. E. RAnp. 13.

ENGLISH LANGUAGE AND MISCELLANEOUS.
t1. Grammar of the English Tongue, Spoken and Written.
‘With an Introduction to_the Study of Comparative Philology. By Hypg

. Crarke, D.C.L. Fourth Edition. 1s. 6d. .

11*. Philology: Handbook of the Comparative Philology of English,
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and
Portuguese Tongues. By Hype CLARKE, D.CL. 1s.

12. Dictionary of the English Language, as Spoken and
‘Written. Containing above 100,000 Words. By Hywe CrAarkg, D.C.L.
38. 6d.; cloth boards, 4s.6d. ; complete with the GRAMMAR, cloth bds., és. 6d.

48. Composition and Punctuation, familiarly Explained for
those who have neglected the Study of Grammar. By JusTIN BRENAN.
17th Edition. 1s. 6zf . .

49. Derivative Spelling-Book : Giving the Origin of Every Word
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,
and other Languages; with their present Acceptation and Pronunciation.
By J. RowsothAM, F.R.A.S. Improved Edition. 1s. 6d. )

57. The Art of Extempore Speaking: Hints for the Pulpit, the
Senate, and the Bar. By M. BAuTaIn, Vicar-General and Professor at the
Sorbonne. Translated fromthe French. 7th Edition, carefully corrected. 2s.6d.

52. Mining and Quarrying, with the Sciences connected there-
with. First Book of, for Schools. By J. H. CorLins, F.G.S., Lecturer to
the Miners’ Association of Cornwall and Devon. 1s.

53. Places and Facts in Political and Physical Geography,
for Candidates in Examinations. By the Rev. EDGAR RanD, B.A. 1s.

§4. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla-
tare and Notation. By Wu. W. PiNk and GEORGE E. WEBSTER. 2s.

THE SCHOOL MANAGERS’ SERIES OF READING
BOOKS,
Adapted to the Requirements of the New Code. Edited by the Rev. A. R. GRANT,

Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector
of Schools.

w

~

Iu'monucrgnv PRIMER, 3d.
B

. d. s d.
FIRST STANDARD . ., 0 6 | FOURTHSTANDARD . . . &I 2
Seconp . . o1 | FirtH ” PN 1 6
THIRD . .1 0| Sixth " . 1 6
Lessons FrRoM THE BibLe. Part I. Old Testament. 1s. L
Lessons ¥roM THE BipLe. Part II. New Testament, to which is added

THE GEOGRAPHY OF THE BIBLE, for very young Children. By Rev. C.

THORNTON FORSTER. 1s.2d. *,* Or the Two Partsin One Volume. 2s.

7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C,

- —

-



14 WEALE'S EDUCATIONAL AND CLASSICAL SERIES,

. LG FRENCH.
24. Frenc rammar. With Complete and Conci
4 Genders of French Nouns. By G. L. Sjl')muss, Ph.D.n?ss.eMI.{nles on the
25. French-English Dictionary. Comprising a large number of
New Terms used in Engineering, Mining, &c. By ALFrEp ELwss. 1s. 6d.
26. English French Dictionary. By ALFRED ELWEs. 2s,
25,26. French Dictionary (as above). Complete, in One Vol,, 3s.;
cloth boards, 3s. 6d. *,* Or with the GRAMMAR, cloth boards, 4s. 6d. '
47. French and English Phrase Book : containing Intro-
ductory Lessons, with Translations, several Vocabularies of Words, a Col-
lection of suitable Phrases, and Easy Familiar Dialogues. 1s. 6d. ’

GERMAN.
39. German Grammar. Adagted for English Students, from
Heyse’s Theoretical and Practical Grammar, by Dr. G. L. STRAUSS. 15.
40. German R(‘alagelx;: AfSéreles of Extracts, carefully culled from the
most approve uthors o rmany ; wi i i
p]anato‘:;. By G. L. STRAUSS, Ph.I.})'.’ ::th Notes, Philological and Ex-
41-43.German Triglot Dictionary. By NICHOLAS ESTERHAzZY
S. A. Hamicton. In Three Parts. Part I. German-French-English.
Part II. English-German-French, Part III. French-German-English.
3s., or cloth boards, 4s.
41-43 German Triglot Dictionary (as above), together with German
& 39. Grammar (No. 39), in One Volume, cloth boards, 5s.

ITALIAN.

27. Italian Grammar, arranged in Twenty Lessons, with a Course
of Exercises. By ALFRED ELWEs. 1s. 6d.

28. Italian Triglot Dictionary, wherein the Genders of all the
Italian and French Nouns are carefully noted down. By ALFRED ELwss.
Vol. 1. Italian-English-French. 2s.6d.

30. Italian Triglot Dictionary. By A. ELwes. Vol 2,
English-French-Italian. 2s. 6d.

32. Xtalian Triglot Dictionary. By ALFRED ELwes. Vol. 3.
French-Italian-English. 2s. 6d. E

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.
32. Cloth boards.

SPANISH AND PORTUGUESE.

34. Spanish Grammar, in a Simple ard Practical Form. With
a Course of Exercises. By ALFRED ELwEs. 1. 6d.

35. Spanish~-English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering, &c.,
with the Eroper Accents and the Gender of every Noun. By ALFRED ELwEs.
4s.; cloth boards, 5s. *,* Or with the GRAMMAR, cloth boards, 6s.

55. Portuguese Grammar, in a Simple and Practical Form.
‘With a Course of Exercises. By ALFRED ELwes. 1s. 6d.

56. Portuguese~English and English-Portuguese Dic-
tionary, with the Genders of each Noun. By ALFRED ELWEs.

[In preparation.

HEBREW,
46*. Hebrew Grammar. By Dr. BRESSLAU. 1s. 6d.
44. Hebrew and English Dictionary, Biblical and Rabbinical ;
containing the Hebrew and ‘Chaldee Roots of the Old Testament Post-
Rabbinieal Writings. By Dr. BrREsstAU. 6s. *,* Or with the GRAMMAR, 7s.

46. English and Hebrew Dictionary. By Dr. BRESSLAU. 3s.
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with
46%  the GRAMMAR, cloth boards, 12s.

LONDON : CROSBY LOCKWOOD AND CO.,
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary
Princi&l{es of Translation and Construction. Bythe Rev. THoMAS GoODWIN,
M.A., Head Master of the Greenwich Proprietary School. 1s.

20, I;f.kin—]:‘.nglish Dictionary. By the Rev. THOMAS GOODWIN,
28,

22. English~Latin Dictionary; together with an Appendix of
French and Italian Words which have their origin from the Latin. By the
Rev. THoMAS GoopwiN, MLA. 1s. 6d. .
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.;
cloth boards, 4s. 6d. *,* Or with the GRAMMAR, cloth boards, ss. 6d.

LATIN CLASSICS. With Explanatory Notes in English.
1. Latin Delectus. Containing Extracts from Classical Authors,
with Genealogical Vocabularies and Explanatory Notes, by H. Youne. 1s.6d.

3. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical
Register for the Use of Schools, by H. Younc. 2s.
3. Cornelius Nepos. With Notes. By H. Youne. 1s.

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco-
Kcs by W. RusuToN, M.A., and on the Georgics by H. Younc. 1s.6d.

§. Virgilii Maronis Zneis. With Notes, Critical and Explanato;y,
by H. Young. New Edition, revised and improved. With copious Addi-
tional Notes by Rev. T. H. L. LEARY, D.C.L., formerly Scholar of Brasenose
College, Oxford. 3s.

® «————— Part 1. Books i.—vi., 18. 6d.

Part 2. Books vii.—xii., 2s.

6. Horace; Odes, Epode, and Carmen Sxculare. Notes by H.
Youne. ' 1s. 6d. .

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. BROWN-
rI1G6 SmitH, M.A,, F.R.G.S. 1s.6d.

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical
and Explanatory, by W. M. Donng, B.A., Trin. Coll., Cam. 1s. 6d.

9. Terentil Andria et Heautontimorumenos. With Notes, Critical
and Explanatory, by the Rev. JAMEs Davies, M.A. 1s. 6d.

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical
and Explanatory, by the Rev. JaMEs Davies, M.A. 2s.

11, Terentii Eunuchus, Comcedia. Notes, by Rev. J. DAvVIES, M. A,
18. 6d.

12, Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.
Jaugs Davies, M.A. 1s.

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia,
‘With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev.
T. H. L. LEArY, D.C.L." formerly Scholar of Brasenose College, Oxford.

18. 6d.

14. Ciceronis Cato Major, Lelius, Brutus, sive de Senectute, de Ami-

- citia, de Claris Oratoribus Dialogi. With Notes by W. BROWNRIGG SmiTH,
M.A., F.R.G.S. 2s.

16. Livy : History of Rome. Notes by H., YouNG and W, B. SMITH,
M.A. Parti. Books i, ii., 1s. 6d.

16%, ———— Part 2. Books iii,, iv., v, 1s, 6d.

17. Part 3. Books xxi., xxii., 1s. 6d.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,
and Ovid. Notes by W. B. DonNE, M.A., Trinity College, Cambridge. 2s.

20, Latin Prose Selections, from Varro, Columella, Vitruvius,
Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. DonNE, M.A. 2s.

21. Juvenalis Satire. With Prolegomena and Notes by T. H. S,
Escort, B.A., Lecturer on Logic at King’s College, London. 2s.

%, STATIONERS' HALL COURT, LUDGATE HILL; E.C.
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GREEK.

14. Greek Grammar, in accordance with the Principles and Philo-
logical Researches of the most eminent Scholars of our own day. By HaAns
CrLAuDE HAMILTON. 1s. 6d.

15,17. Greek Lexicon. Containing all the Words in General Use, with
their Signihcations, Inflections, and Doubtful Quantities. By Henry R.
HamILTON. Vol. 1. Greek-English, 2s. 6d.; Vol, 2. English-Greek, 2s. Or
the Two Vols. in One, 4s. 6d.: cloth boards, ss.

14,15. Greek Lexicon (as above). Complete, with thc GRAMMAR, in

17. One Vol., cloth boards, 6s.

GREEK CLASSICS. With Explanatory Notes in English,
1. Greek Delectus. Containing Extracts from Classical Authors,
v]%h _Geneg]l?gical Vocab&llar;es ?nd E&( lanaltory Notes‘,rbyH. Young. New
ition, with an improved and enlar, Supplementa. o 1
HutcHison, M.A., gf the High Schogol, Glfs’éow. xsl.'ydd. cabulary, by Joux

2, 3. Xenophon’s Anabasis; or, The Retreat of the Ten Thousand.
Notes and a Geographical Register, by H. YounG. Part 1. Books i. to iii.,
1s. Part 2. Books iv. to vii., 1s.

4. Lucian’s Select Dialogues. The Text carefully revised, witb
Grammatical and Explanatory Notes, by H. Young. 1s. 6d.

's-12. Homer, The Works of, According to the Text of BAERUMLEIN.
‘With Notes, Critical and Explanatory, drawn from the best and latest
Authorities, with Preliminary Observations and Appendices, by T. H. L.
Leary, M.A,, D.C.L.

Tur ILiAD: Part 1. Books i. to vi., 1s.6d. Part 3. Books xiii. to xviii., 1s. 6d.

Part 2, Books vii. to xii., 1s.6d. | Part 4. Books xix. to xxiv., 1s. 6d.

Tue Opvyssey: Part 1. Booksi. to vi., 1s. 6d Part 3. Books xiii. to xviii., 1s. 6d.

Part 2. Books vii.to xii., 15.6d. | Part 4. Books xix. to xxiv., and
ns, 2s.

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and
the Phaedo. From the Text of C. F. HERMANN. Edited with Notes, Critical
and Explanatory, by the Rev. JaAMEs DAvies, M.A. 2s.

14-17. Herodotus, The History of, chiefly after the Text of GAISFORD.
‘With Preliminary Observations and Appendices, and Notes, Critical and
Explanatory, by T. H. L. Leary, M.A,, D.C.L.

. Part 1. f;ooks i.y ii, (The Clio and Euterpe), 2s.
Part 2. Books iii., iv. (The Thalia and Melpomene), 2s.
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s.
Part 4. Books viii., ix. (The Urania and Calliope) and Index, 1s. 6d.

18. Sophocles: (Edipus Tyrannus. Notes by H, YounG. 1s.

20. Sophocles: Antigone, From the Text of DINDORF. Notes,
Critical and Explanatory, by the Rev. JoHN MILNER, B.A. 2s.

23. Euripides: Hecuba and Medea. Chiefly from the Text of DIN-
porr. With Notes, Critical and Explanatory, by W. BROWNRIGG SMITH,
M.A., F.R.G.S. 1s. 6d. ) .

26, Euripides: Alcestis. Chiefly from the Text of DINDORF. With
Notes, Critical and Explanatory, by JouN MILNER, B.A. 1s.6d.

30. ZEschylus : Prometheus Vinctus : The Prometheus Bound. From
the Text of DinporF. Edited, with English Notes, Critical and Explanatory,
by the Rev. James Davies, M.A. 1s. - -

32. Aschylus: Septem Contra Thebes: The Seven against Thebes.
From the Text of Dinporr. Edited, with English Notes, Critical and Ex-
planatory, by the Rev. James DAvies, M.A. 1s.

40. Aristophanes: Acharnians. Chiefly from the Text of C. H.
Weise.  With Notes, by C. S. T. Townsuexp, M.A. _ 1s. 6d.

41. Thucydides: History of the Peloponnesian War. Notes by H.
YounG. Book 1. 1s. .

42. Xenophon’s Panegyric on Agesilaus. Notes and Intro-
duction by Lr. F. W. JewITT. 18.6d. .

43. Demosthenes. The Oration on the Crown and the Philippics.
With English Notes. By Rev. T. H. L.LeAry, D.C.L., formerly Scholar of
Brasenose College, Oxford. 1s. 6d.

CROSBY LOCKWOOD AND CO., 7, STATIONERS’ HALL CQURT, E.C.




LONDON, Alay, 1881.

A Catalogue of Hooks

INCLUDING MANY NEW AND STANDARD WORKS IN

ENGINEERING, ARCHITECTURE, AGRICULTURE,
MATHEMATICS, MECHANICS, SCIENCE, ETC.

PUBLISHED BY

CROSBY LOCKWOOD & CO.,

7, STATIONERS-HALL COURT, LUDGATE HILL, E.C.

ENGINEERING, SURVEYING, ETC.
——

_ Humber's New Work on Water-Supply.

A COMPREHENSIVE TREATISE onthe WATER-SUPPLY
of CITIES and TOWNS. By WiLLiaAM HUMBER, A-M. Inst.
C.E,, and M. Inst, M.E. Illustrated with 50 Double Plates,
1 Single Plate, Coloured Frontispiece, and upwards of 250 Wood-
cuts, and containing 400 pages of Text, Imp. 4to, 6/. 6s. elegantly
and substantially half-bound in morocco.

List of Contents:—

1. Historical Sketch of some of the | Machinery.—XII. Conduits.—XIII. Dis-
means that have been adopted for the | tribution of Water.—XIV. Meters, Ser-

Supply of Water to Cities and Towns.—
II. Water and the Foreign Matter usually
associated with it.—IIl. Rainfall and
Evaporation.—IV. Springs and the water-
bearing formations of various districts. —
V. Measurement and Estimation of the
Flow of Water.—VI. On the Selection of
the Source of Supply.—VIL Wells,—
VIII Reservoirs,—] The Purification
of Water.—X. Pumps.—XI. Pumping

vice Pipes, and House Fittings.—XV. The
Law and Economy of Water Works.—
XVI. Constant and Intermittent Supply.
—XVII. Description of Plates.—Appen-
dices, giving Tables of Rates of Supply,
Velocities, &c. &c., together with Specifi-
cations of several Works illustrated, among
which will be found :—Aberdeen, Bideford,
Canterbury, Dundee, Halifax, Lambeth,
Rotherham, Dublin, and others. :

“ The most systematic and valuable work upon water suptly hitherto produced in
English, or in any other language . . . . Mr. Humber's work 1s charactensed almost
throughout by an exhaustiveness much more distinctive of French and German than _
of English technical treatises.”— Engincer.

Humbev's Great Work on Bridge Construction.

A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, including
Iron Foundations. In Three Parts—Theoretical, Practical, and
Descriptive. By WiLLiAM HUMBER, A-M. Inst. C.E.,and M. Inst.
M.E. Third Edition, with 115 Double Plates, In 2 vols. imp. 4to,
6/, 16s. 6d. half-bound in morocco.

‘* A book—and particularly a large and costly treatise like Mr. Humber’'s—which
bhas reached its third edition may certainly be said to have established its own
reputation.”"—Engineering,

B
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WORKS IN ENGINEERING, SURVEYING, ETC.,

Humber's Modern Engineering.
A RECORD ot the PROGRESS of MODERN ENGINEER-
ING. First Series. Comprising Civil, Mechanical, Marine, Hy-
draulic, Railway, Uridge, and other Engineering Works, &c. By

WiLriam HuMmBER, A-M. I
36 Double Plates, drawn to a
Hawkshaw C.E., F.R.S., &c.,

fications, &c.
List f{
Victoria Station and Roof, L. B. & S.
C. R. (8 plates); Southport Pier (2 plates);
Victoria Station and Roof, L. C. & D. an
G. W. R. (6 plates); Roof of Cremorne
Music Hall; ridﬁe over G. N. Railway;
Roof of Station, Dutch Rhenish Rail (2

d | mour

nst. C.E., &c. Imp. 4to, with
large scale, and Portrait of John
and descriptive Letter-press, Speci-

3/. 3s. half morocco.
the Plates and Diagrams.

ﬂ:tes) ; Bridge over the Thames, West
ndon Extension Railway (5 plates) ; Ar-

Plates ; S i ridge, Tham
(4 plates): The Allen Engine ; Suspension
Bridge, Avon (3 plates); Underground
Railway (3 plates).

‘¢ Handsomely lithographed and printed. It will ind favourwith many who desire
to preserve in a permanent form copies of the plans and specifications prepared for the

guidance of the contractors for many important engineering works.”—ZE;
HUMBER’S RECORD OF MODER
Imp. 4to, with 36 Double Plates, Portrait of Robert Ste-

Series.

neineer.
ENGINEERING. Second

phenson, C.E., &c., and descriptive Letterpress, Specifications,

&ec.

Birkenhead Docks, Low Water B:
(15 plates) ; Charin% Cross Station Roof,
C. 8 Railway (3 plates) ; Diawe]l Via-
duct, G. N. Railway; Robbery Wood
Viaduct, G. N. Railway ; Iron Permanent
Way ; Clydach Viaduct, Merthyr, Tre-
degar, and Abergavenny Railway ; Ebbw

3/, 35. half morocco.

List of the Plates and Dia,

asin

%am:.
Viaduct, Merthyr, Tredegar, and Aberga-
venny Railway; College Wood Viaduct,
Cornwall Railway ; Dublin Winter Palace
Roof (3 plates) ; Bridge over the Thames,

. C. and D. Railway (6 plates); Albert
Harbour, Greenock (4 plates).

HUMBER’S RECORD OF MODERN ENGINEERING. Third
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M‘Clean,
Esq., late Pres. Inst. C.E, and descriptive Letterpress, Specifica-

tions, &c.

3/ 3s. half morocco.

List of the Plates and Diagrams.

MaiN  DRAINAGE, MEeTROPOLIS. —
Nortk Side.—Map showing Interception
of Sewers ; Middle Level Sewer (2 plates';
Qutfall Sewer, Bridge over River ( ﬁ

lates); Outfall Sewer, Bridge over Mars

ne, North Woolwich Railway, and Bow
and Barking Railway Junction; Outfall
Sewer, Bri %e over Bow and Barking
Railway (3 f;tes) ; Outfall Sewer, Bridge
over East London Waterworks' Feeder
(2 plates); Outfall Sewer, Reservoir (2
plates); Outfall Sewer, Tumbling Bay
and Outlet ; Qutfall Sewer, Penstocks.
South Side.—Outfall Sewer, Bermondsey
HUMBER’S RECORD OF MO
Series.
Esq., late Pres. Inst. C.E,, an

tions, &c.

3/ 3s. half morocco.

Branch (2 plates); Outfall Sewer, Reser-
voir and Outlet (4 plates) ; Outfall Sewer,
Filth Hoist; Sections of Sewers (North
and South Sides).

TuAMES EMBANKMENT.— Section of
River Wall ; Steamboat Pier, Westminster
(2 plates); Landing Stairs between Cha-
ring Cross and Waterloo Bridges ; York
Gate (2 plates) ; Overflow and Outlet at
Savoy Street Sewer (3 plates) ; Steamboat
Pier, Waterloo Bridge (3 plates); Junc-
tion of Sewers, Plans and Sections ; Gullies,
Plans and Sections ; Rolling Stock ; Gra-
nite and Iron Forts.

DERN ENGINEERING. Fourth

Imp. 4to, with 36 Double Plates, Portrait of John Fowler,

d descriptive Letterpress, Specifica-

List of the Plates and Diagrams.

Abbey Mills Pumping Station, Main
Drainage, Metropolis (4 plates); Barrow
Dosks (s plates) ; Manquis Viaduct, San-
tiago and Valparaiso Railway (2 plates);
Aaam’s Locomotive, St. Helen’s nal
Railway (2 plates); Cannon Street Station
Roof, Charing Cross Railway (3 plates) ;
Road Bridge over the River l\foka (2

potamia ; Viaduct over the River Wye,
Midland Railway (3 plates); St. German’s
Viaduct, Cornwall ilway (2 plates);
Wrought-Iron Cylinder for Diving Bell ;
Millwall Docks (6 plates) ; Milroy’s Patent
Excavator, Metropolitan District Railway
(6 plates) ; Harbours, Ports, and Break-
waters (3 plates).’

plates). Telegraphic Apparatus for Meso-
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Strains, Formule & Diagrams for Calculation of.
A HANDY BOOK for the CALCULATION of STRAINS
in GIRDERS and SIMILAR STRUCTURES, and their
STRENGTH ;consisting of Formuleeand Corresponding Diagrams,
with numerous Details for Practical Application, &c. By WILLIAM
HuMBER, A-M. Inst. C.E., &c. Third Edition. With nearly
100 Woodcuts and 3 Plates, Crown 8vo, 7s. 64. cloth.

*The arrangement of the matter in this little volume is as convenient as it well
could be, . ... The system of employing diagrams as a substitute for complex
computations is one justly coming into great favour, and in that respect Mr. Humber’s
volume is fully up to the times.”—ZEngineering.

“The fomulz are neatly exp d, and the diag) good.”—A thenaum.
Strazns.

THE STRAINS ON STRUCTURES OF IRONWORK;

with Practical Remarks on Iron Construction. By F. W. SHEILDS,

M. Inst, C.E. Second Edition, with 5 Plates. Royal 8vo, 5s. cloth.

“The student cannot find a better little book on this subject than that written by
Mr. Sheilds.”—Engineer.

Barlow on the Strvength of Materials, enlarged.

A TREATISE ON THE STRENGTH OF MATERIALS,
with Rules for application in Architecture, the Construction of
Suspension Bridges, Railways, &c.; and an Appendix on the
Power of Locomotive Engines, and the effect of Inclined Planes
and Gradients. By PETER Barrow, F.R.S. A New Edition,
revised by his Sons, P. W. BArRLow, F.R.S., and W. H. BArRLOW,
F.R.S. The whole arranged and edited by W. HuMBER, A-M.
Inst. C.E. 8vo, 400 pp., with 19 large Plates, 18s. cloth,
““The best book on the subject which kas yet appeared. . . . . We know of
no work that so completely fulfils its mission.”—ZEnglish Meckanic.
‘“ The standard treatise upon this particular subject.”—Engineer.

Strength of Cast Iron, &e.
A PRACTICAL ESSAY on the STRENGTH of CAST IRON
and OTHER METALS. By THoMas TrREDGoLD, C.E. Fifth
Edition. To which are added, Experimental Researches on the
Strength and other Properties of Cast Iron, by E. HODGKINSON,
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, 12s.
cloth. *.* HODGKINSON’S RESEARCHES, separate, price 6s.

Hydraulics.
HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULZE
for finding the Discharge of Water from Orifices, Notches, Weirs,
Pipes, and Rivers, With New Formule, Tables, and General
In?ormation on Rain-fall, Catchment-Basins, Drainage, Sewerage,
Water Supply for Towns and Mill Power. By JoHN NEVILLE,
Civil Engineer, M.R.LLA. Third Edition, carefully revised, with
considerable Additions. Numerous Illustrations. Cr. 8vo, 14+, cloth.

““Undoubtedly an dingly useful and elaborate compilation.”—/7os.
“‘ Alike valuable to students and engineers in practice.”—AMining Fournal,

River Engineering.
RIVER BARS: Notes on the Causes of their Formation, and on
their Treatment by ¢ Induced Tidal Scour,” with a Description of
the Successful Reduction by this Method of the Bar at Dublin. By
1. J. MANN, Assistant Engineer to the Dublin Port and Docks
Board. With Illustrations. Royal 8vo. 7s. 6. cloth. [Fust publisked.
B 2
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Levelling.
A TREATISE on the PRINCIPLES and PRACTICE of
LEVELLING ; showing its Application to Purposes of Railway
and Civil Engineering, in the Eonstruction of Roads; with Mr.
TELFORD’s Rules for the same. By FREDERICK W. SIMMs,
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with
the addition of Mr. LAW’S Practical Examples for Setting out
Railway Curves, and Mr. TRAUTWINE’s Field Practice of Laying
out Circular Curves, With 7 Plates and numerous Woodcuts. 8vo,
8s. 6d. cloth. *.* TRAUTWINE on Curves, separate, 5s.

¢ The text-book on levelling in most of our engineering schools and colleges,”—

Engineer. . .

Practical Tunnelling.
PRACTICAL TUNNELLING : Explaining in detail the Setting
out of the Works, Shaft-sinking and Heading-Driving, Ranging
the Lines and Levelling under Ground, Sub-Excavating, Timbering,
and the Construction of the Brickwork of Tunnels with the amount
of labour required for, and the Cost of, the various portions of the
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised
and Extended. By D. KINNEAR CLARK, M.I.C.E. Imp. 8vo,
with 21 Folding Plates and numerous Wood Engravings, 30s. cloth.

¢ It has been regarded from the first as a text-book of the subject. . . . Mr. Clark
has added immensely to the value of the book.”"—Engineer.
Steam.

STEAM AND THE STEAM ENGINE, Stationary and Port-
able. Being an Extension of Sewell’s Treatise on Steam. By D.
KINNEAR CLARK, M.I.C.E. Second Edition. 12mo, 4s. cloth.

Civil and Hydraulic Engineering.
CIVIL ENGINEERING. By HeNrY Law, M. Inst. C.E.
Including a Treatise on Hydraulic Engineering, by GEORGE R.
BurNELL, M.I.C.E. Sixth Edition, Revised, with large additions
on Recent Practice in Civil Engineering, by D. KINNEAR CLARK,
M. Inst. C.E. 12mo, 7s. 64., cloth. [Fust published.
Gas-Lighting.
COMMON SENSE FOR GAS-USERS: a Catechism of Gas-
Lighting for Householders, Gasfitters, Millowners, Architects,
Engineers, &c. By R. WiLsoN, C.E. 2nd Edition. Cr. 8vo, 2s. 64.

Bridge Construction in Masonry, Timber, & [ron.
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION OF MASONRY, TIMBER, AND IRON ; consisting of
46 Plates from the Contract Drawings or Admeasurement of select
Works. By W. Davis HaskoLL, C.E. Second Edition, with
the addition of §54 Estimates, and the Practice of Setting out Works,
with 6 pages of Diagrams, Imp. 4to, 2/. 12s. 6d. half-morocco.

“‘ A work of the present nature by a man of Mr. Haskoll’s experience, must prove

invaluable. The tables of estimates considerably enhamce its value.”"—Z&ngsncering.
Larthwork.
EARTHWORK TABLES, showing the Contents in Cubic Yards
- of Embankments, Cuttings, &c., of Heights or Depths up to an
average of 80 feet. By JosePH BROADBENT, C.E., and FRaNCIS
CaumrIN, C.E. Cr. 8vo, oblong, §s. cloth.
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Tramways and therr Working.
TRAMWAYS : their CONSTRUCTION and WORKING.
Containing a Comprehensive History of the System ; an exhaus-
tive Analysis of the Various Modes of Traction, including Horse
Power, Steam, Heated Water, and Compressed Air; a Description
of the varieties of Rolling Stock ; and ample Details of Cost and
Working Expenses, with Special Reference to the Tramways of the
United Kingdom. By D. KINNEAR CLARK, M. L. C. E., Author
of * Railway Machinery,’ &c., in one vol. 8vo, with numerous Illus-
trations and thirteen folding Plates, 18s. cloth.
“ All interested in tramways must refer to it, as all railway engineers have turned
to the author’s work * Railway Machinery.’ ”—Tke Engineer.
** Mr. Clark’s book is '!ndispen§able for the students of the subject.”~T"%e Builder.
Pioneer Engineering.
PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Countries. By Epwarp DossoN, A.L.C.E. With Plates and
Wood Engravings. Revised Edition. 12mo, §s. cloth.
*‘ A workmanlike production, and one without possession of which no man should
start to encounter the duties of a p '— A th
Steam Engine.
TEXT-BOOK ON THE STEAM ENGINE. By T. M.
GOODEVE, M. A., Barrister-at-Law, Author of ¢‘ The Principles
of Mechanics,” ““The Elements of Mechanism,” &c. Third
Edition. With numerous 1llustrations. Crown 8vo, 6s. cloth.
¢ Professor Goodeve has given us a treatise on the steam engine, which will bear
comparison with anything written by Huxley or Maxwell, and we can award it no
higher praise.”—Engineer.
““ Mr. Goodeve’s text-book is a work of which every young engineer should pos-
sess himsell."—Mining Fou: A
Steam.
THE SAFE USE OF STEAM : containing Rules for Unpro-
fessional Steam Users. Byan ENGINEER. 4th Edition. Sewed, 64.
¢ If steam-users would but learnthis little book by heart, boiler explosions would
become sensations by their rari.ty."—-Ef'zgli:/s Mechanic,
Mechanical Engineering.
MECHANICAL ENGINEERING : a" Practical Treatise on.
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work-
shop Machinery, Mechanical Manipulation, Manufacture of the
Steam Engine, &c. By FrANncls CampIN, C.E., Author of
¢¢ Materials and Construction,” &c. With Numerous Illustrations.
12mo, 3s. cloth boards. (Fust published.

Works of Construction.
MATERIALS AND CONSTRUCTION : a Theoretical and
Practical Treatise on the Strains, Designing, and Erection of
Works of Construction. By Francis CaMmpIN, C.E., Author of
‘“A Practical Treatise on Mechanical Engineering, &c.” 12mo,
35 64. cloth boards.

Ivon Bridges, Girders, Roofs, &e.
A TREATISE ON THE APPLICATION OF IRON
TO THE CONSTRUCTION OF BRIDGES, GIRDERS,
ROOFS, AND OTHER WORKS. ByF.CawmrIN, C.E, 12mo, 3.
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Obligue Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of
OBLIQUE ARCHES. By JoHN HART. 3rd Ed. Imp. 8vo, 8s.cloth,

Obligue Bridges.
A PRACTICAL and THEORETICAL ESSAY on OBLIQUE
BRIDGES, with 13 large Plates. By the late GEo. WATsoN
Buck,M.L C.E. Third Edition, revised by his Son, J. H. WaTsoN
Buck, M.I.C.E. ; and with the addition of Description to Dia-
grams for Facilitating the Construction of Oblique Bridges, by
W. H. BARLow, M.I.C.E. Royal 8vo, 12s. cloth,

“The standard text book for all engineers regarding skew arches is Mr. Bu:k’s

treatise and it would be impossible to consult a better.”—ZEngineer.

Gas and Gasworks.
THE CONSTRUCTION OF GASWORKS AND THE
MANUFACTURE AND DISTRIBUTION OF COAL-GAS.
Originally written by SAMUEL HvwcHEes, C.E. Sixth Edition.
Re-written and much Enlarged, by WiLLiAM RICHARDS, C.E.
With 72 Woodcuts. 12mo, §s. cloth boards.

Waterworks for Cities and Towns.
WATERWORKS for the SUPPLY of CITIES and TOWNS,

with a Description of the Principal Geological Formations of Eng-
land as influencing Supplies of Water. By S. HUGHES. 4s. 64. cloth,
Locomotive-Engine Driving.

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for
Engineers in charge of Locomotive Engines. By MICHAEL
RevNoLDs, M.S.E., formerly Locomotive Inspector L. B. and
S. C. R. Fourth Edition, greatly enlarged. Comprising A
KEY TO THE LOCOMOTIVE ENGINE. With Illustra-
tions and Portrait of Author. Crown 8vo, 4s. 64. cloth.

* Mr. Reynolds has supplied a want, and has supplied it well. We can confidently
recommend the book not only to the practical driver, but to every one who takes an
interest in the performance of logomotive engines.”"—Engineer. .

Engineer, Fireman, and Engine-Boy.
THE MODEL LOCOMOTIVE ENGINEER, FIREMAN,
AND ENGINE-BOY : comprising a Historical Notice of the
Pioneer Locomotive Engines and their Inventors, with a project
for the establishment of Certificates of Qualification in the Running
Service of Railways. By MICHAEL REYNOLDS, Author of
¢¢ Locomotive- Engine Driving.”” Crown 8ve, 4s. 64. cloth.

“ From the technical knowledge of the author it will appeal to the railway man of
to-day more forcibly than anything written by Dr. Smiles.”—ZEnglisk Mechanic.
Stationary Engine Driving.

STATIONARY ENGINE DRIVING. A Practical Manual for
Engineers in Charge of Stationary Engines. By MICHAEL REY-
NoLDs (“The Engine-Driver's Friend ”), Author of *‘Locomo-
tive-Engine Driving,” &c. With Plates and Woodcuts, and Steel
Portrait of James Watt. Crown 8vo, 4. 6d. cloth.
Engine-Driving Life. ]

ENGINE-DRIVING LIFE; or Stirring Adventures and Inci-
dents in the Lives of Locomotive Engine-Drivers. By MICHAEL
REYNOLDS. Crown 8vo, 2s. cloth, [Fust published.




PUBLISHED BY CROSBY LOCKWOOD & CO. 7

Construction of Ivon Beams, Pillars, &e.
IRON AND HEAT ; exhibiting the Principles concerned in the
construction of Iron Beams, Pillars, and Bridge Girders, and the
Action of Heat in the Smelting Furnace. By J. ARMOUR, C.E. 3s.

Firve Engineering.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With
a History of Fire-Engines, their Construction, Use, and Manage-
ment ; Remarks on Fire-Proof Buildings, and the Preservation of
Life from Fire; Statistics of the Fire Appliances.in English
Towns ; Forelgn Fire Systems ; Hints on Fire Brigades, &c., &c.
By CHARLES F. T. Young, C E. With numerous Illustrauons,
handsomely printed, 544 pp., demy 8vo, 1/. 4s. cloth.

‘‘ We can most heartily commend this book.”—ZEngineering.

‘“Mr. Young’s book on ‘Fire Engines and Fire Bngades contains a mass of
mformauon, which has been collected from a variety of sources. The subject is so
intensely interesting and useful that it demands consideration.”— Building News.

Trigonometrical Surveying.

AN OUTLINE OF THE METHOD OF CONDUCTING A
TRIGONOMETRICAL SURVEY, for the Formation .of Geo-
graphical and Topographical Maps and Plans, Military Recon-
naissance, Levelling, &c., with the most useful Problems in Geodsy
and Practical Astronomy By L1EUT.-GEN. FrROME, R.E., late In-
spector-Getteral of Fortifications. Fourth Edition, Enlarged, and
partly Re-written. By CAPTAIN CHARLES WARREN, R.E. With
19 Plates and 115 Woodcuts, royal 8vo, 16s. cloth. .

Tables of Curves.

TABLES OF TANGENTIAL ANGLES and MULTIPLES
for setting out Curves from 5 to 200 Radius. By ALEXANDER
BeAzELEY, M. Inst. C.E. Second Edition. Printed on 48 Cards,
and sold in a cloth box, waistcoat-pocket size, 3s. 6d.

¢ Each table is pnnted ona small card, whxch being placed on the theodolite, leaves
the hands free to p the instr »_En neer.,

1477
“Very handK a man may know that all his day’s work must fall on two of these
cards, which he puts into his own card-case, and leaves the rest behind.”—

Engineering Fieldwork. [Athencum.

THE PRACTICE OF ENGINEERING FIELDWORK,
applied to Land and Hydraulic, Hydrographic, and Submarine
Surveying and Levelling, Second Edition, revised, with consider-
able additions, and a Supplement on WATERWORKS, SEWERS,
SEWAGE, and IRRIGATION. By W, Davis HASKOLL, C.E.
Numerous foldmg Plates. In1Vol., demy 8vo, 1/ §s., cl. boards.

Large Tunnel Shafts.

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.
A Practical and Theoretical Essay. By J. H. WartsoN Buck,
M. Inst. C.E., Resident Engineer, London and North-Western
Railway. Illustrated with Folding Plates. Royal 8vo, 12s. cloth.
‘‘ Many of the methods given are of extreme practical value to the mason, and the
observations on the form of arch, the rules for ordering the stone, and the construc-
tion of the templates, will be found of considcrable use. We commend the book to
t]l‘a,e engineering profession, and to all who have to build similar shafts.” —Bmldmg
ews.
“‘ Will be regarded by civil engmeers as of the utmost value, and calculated to save
much time and obviate many mistakes.”—Colliery Guardian.
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Survey Practice.
AID TO SURVEY PRACTICE: for Reference in Surveying,
Levelling, Setting-out and in Route Surveys of Travellers by Land
and Sea. With Tables, Illustrations, and Records. By Lowis
D’A. JacksoN, A-M.I.C.E. Author of ‘‘Hydraulic Manual and
Statistics,” &c. Large crown, 8vo, 12s. 6d., cloth.

# Mr. Jackson has produced a valuabl d um for the surveyor. We can
recommend this book as ining an admirable suppl to the hing of the
accomplished surveyor.”—Atkenzum.

“‘ A general text book was wanted, and we are able to speak with confidence of
Mr. Jackson’s treatise. . . . We cannot recommend to the student who knows
something of the mathematical principles of the subject a better course than to fortify
his ‘pracnce in the field under a comgetent surveyor with a study of Mr. Jackson’s
useful manual. The field records illustrate every kind of survey, and will be found
an essential aid to the student.”’—Building News.

“The author brings to his work a fortunate union of theory and practical expe-
rience which, aided by a clear and lucid style of writing, renders the book both a very
useful one and very agreeable to read.”—Builder.

Sanitary Work.
SANITARY WORK IN THE SMALLER TOWNS AND
IN VILLAGES. Comprising:—1. Some of the more Common
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water
Supply. By CHAs. SLAGG, Assoc, Inst. C.E. Crown 8vo, 3s. cloth.
“A very useful book, and may be safely recommended. The author has had
practical experi.cnce in the works of which he treats.”—JBuilder.
Locomotives.
LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com-
Erising an Historical Sketch and Description of the Locomotive
ngine. By G. D. DEmMpsEY, C.E. With Jarge additions treat-
ing of the MODERN LOCOMOTIVE, by D. KINNEAR CLARK, C.E.,
M.I.C.E,, Author of “ Tramways, their Construction and Working,”
&c., &c. With numerous Illustrations. 12mo. 3s. 6d. cloth boards.
* The student cannot fail to profit largely by adopting this as his preliminary text-
book.”—7Irom and Coal Trades Review.
“‘ Seems a model of what an elementary technical book should be.”—Acadesy.

Fuels and therr Economy.

FUEL, its Combustion and Economy ; consisting of an Abridg-
ment of ‘‘A Treatise on the Combustion of Coal and the Prevention
of Smoke.” By C. W. WiLLiamMs, A.I.C.E. With extensive
additions on Recent Practice in' the Combustion and Economy of
Fuel—Coal, Coke, Wood, Peat, Petroleum, &c.; by D. KIN-
NEAR CLARK, C.E.,, M.I.C.E. Second Edition, revised. With
numerous Illustrations. 12mo. 4s. cloth boards.

* Students should buy the book and read it, as one of the most complete and satis-
factory treatises on the combustion and economy of fuel to be had.”—ZEngineer.

Roads and Streets.
THE CONSTRUCTION OF ROADS AND STREETS. In
Two Parts. 1. The Art of Constructing Common Roads. By
HENRY LAw, C.E. Revised and Condensed. II. Recent
Practice in the Construction of Roads and Streets: including
Pavements of Stone, Wood, and Asphalte. By D. KINNEAR
CLARK, C.E., M.I.C.E. Second Edit., revised. 12mo, §s. cloth.
*¢ A book which every borough surveyor and engineer must possess, and which will

be of considerable service to architects, builders, and property owners generally.”—
Building News
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Sewing Mackhine (The).
SEWING MACHINERY ; being a Practical Manual of the
Sewing Machine, comprising ’its History and Details of its Con-
struction, with full Technical Directions for the Adjusting of Sew-
ing Machines. By J. W. URQUHART, Author of *¢Electro
Plating : 2 Practical Manual ;” ¢¢ Electric Light : its Production
la)x;:ysse With Numerous Ilustrations. 12mo, 2s. 6d. cloth
r

Field-Book for Engineers.

THE ENGINEER’S, MINING SURVEYOR'’S, and CON-
TRACTOR'S FIELD-BOOK. By W. Davis HaskorL, C.E.
Consisting of a Series of Tables, with Rules, Explanations of
Systems, and Use of Theodolite for Traverse Surveying and Plotting
the Work with minute accuracy by means of Straight Edge and Set
Squareonly; Levelling with the Theodolite, Casting out and Re-
.ducing Levels to Datum, and Plotting Sections in the ordinary
manner; Setting out Curves with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the
Instrument ; Setting out Curves without Theodolite on the S
of Tangential Angles by Sets of Tangents and Offsets; and
work Tables to 80 feet deep, calculated for every 6 inches in d th.
‘With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.12s. cloth.
o(“Thc b::k is very handy, and l.h: aﬁmgh: m:l a;ided that ‘t!l‘:u separate tabli:
° sines a mg:l?let: every :uanilu e il ma) e it v for many other purposes, t
*¢ Cannot fail, from its pomblllt and utility, to be extenuvely patronised by the
engineering profession.”—JA/ ;’
Earthwork, Measurement and Calculation of.
A MANUAL on EARTHWORK. By ALEX. J. S. GRAHANM,
C.E., Resident Engmeer, Forest of Dean Central Railway. With
numerous Dlaﬁ 18mo, 25, 64, cloth.
k for

** As a really hand reference, we know of no work equal to it; and the
raxlway enmeeu o thers nploy jn ‘t.l_-:e' u and le of flﬁ
‘ bl for or rough ti as yel}‘ as for the more exact calculations

r’s offices,”—

memg for Engineers, &e.
THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By JouN MaXxTON, Instructor in Engineering
wi.nkg. Royal Naval College, Greenwich, formerly of R, S. N. A.,

South Kensington. Fourth Edmon, carefully revised. With upwa.rds
of 300 Plates and Di 12mo, cloth, strongly bound, 4.

“A eopy of it should be kept for refemoe in every dnwmg o —Engmxnn‘

‘¢ Indispensable for teachers of engineering d:

Wealés Dictionary of Terms.

A DICTIONARY of TERMS used in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY,
ARCHAEOLOGY, the FINE ARTS, &c. By JoHN WEALE.
Fifth Edition, revised by ROBEET HUNT, F.R.S., Keeper of Mining
Records, Editor of re s Dictionary of Arts. n’ 12mo, 6s. cl. bds.
* The best small y in the ] »—Archt
‘‘ The absolate accuracy of a work of this character can only be judged of after
extensive consultation, and from our examination it appears very correct and very
complete,”—Mining Fournal.
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MINING, METALLURGY, ETC.

+
Metalliferous Minervals and Mining. ‘
A TREATISE ON METALLIFEROUS MINERALS AND
MINING. By D.C. DavIes, F.G.S., author of ‘‘ A Treatise on
Slate and Slate Quarrying.” With numerous wood engravings.
Second Edition, revised. Cr. 8vo. 12s. 64. cloth.

“ Without question, the most exhaustive and the most practically useful work we
have seen ; the amount of information given is enormous, and it is given concisely
and intelligibly.”—Mining Yournal.

“‘ The volume is one which no student of mineralogy should be without.”—Colliery
Guardian.

“ The author has gathered together from all available sources a vast amount of
really useful information. As a history of the p: state qf mining through
the world this book has a real value, and it supplies an actual want, forno such infor-
mation has hitherto been brought together within such limited space.”—A4 ¢4

Slate and Slate Quarrying.
A TREATISE ON SLATE AND SLATE QUARRYING,
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S.,
Mining Engineer, &c. With numerous Illustrations and Folding
Plates. Second Edition, carefully revised. 12mo, 3s. 6d. cloth boards.

*‘ Mr. Davies has written a useful and practical hand-book on an important industry,
with all the conditions and details of which he appears familiar.”—Zrngineering.

““ The work is illustrated by actual practice, and is unusually thorough and lucid.
.+ + Mr. Davies has completed his work with industry and skill,”—Bwuslder.
Metallurgy of Irvon.

A TREATISE ON THE METALLURGY OF IRON: con-
taining Outlines of the History of Iron Manufacture, Methods of
Assay, and Analyses of Iron Ores, Processes of Manufacture of
Iron and Steel, &c. By H. BAUERMAN, F.G.S., Associate of the
Royal School of Mines. With numerous Illustrations. Fourth
Edition, revised and much enlarged.  12mo, cloth boards, §s.

** Has the merit of brevity and conciseness, as to less important points, while all
material matters are very fully and thoroughly d into,” " —~S# d.

Manual of Mining Tools.

MINING TOOLS. For the use of Mine Managers, Agents,
Mining Students, &c. By WILLIAM MORGANS, Lecturer on Prac.
tical Mining at the Bristol School of Mines, Volume of Text.
12mo, 3s. With an Atlas of Plates, containing 235 Illustrations.
4to, 6s. Together, gs. cloth boards.

“ Students in the Science of Mining, and Overmen, Captains, Managers, and
Viewers may gain practical knowledge and useful hints Ey the study of Mr.
Morg.ans: Manual. ”—Collicr): Guardian. .

Mining, Surveying and Valuing.
THE MINERAL SURVEYOR AND VALUER’'S COM-.
PLETE GUIDE, comprising a Treatise on Improved Mining
Surveying, with new Traverse Tables; and Descriptions of Im-
proved Instruments ; also an Exposition of the Correct Principles
of Laying out and Valuing Home and Foreign Iron and Coal
Mineral Pl"glperties. By WiILLIAM LINTERN, Mining and Civil
Engineer. With four Plates of Diagrams, Plans, &c., 12mo, 4s. cloth.

** Contains much valuable information given in a_small compass, and which, as far
as ;ve'have tested it, is thoroughly trustworthy.”—/ron and Coal Trades Review.

*«* The above, bound with THOMAN’s TABLES, (See page 20.)
Price 7s. 6d, cloth,
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Coal and Coal Mining.

COAL AND COAL MINING : a Rudimentary Treatise on. By
‘WaringToN W. SmyTH, M.A., F.R.S., &c., Chief Inspector
of the Mines of the Crown. Fifth edition, revised and corrected.
Elzmo, with ?\:?er?us Illustation:, 4s. cloth boards. b much .
“Ev ion o v appears repared wi y
as an oﬁ'u?: !:ziven ofeevo “mkenown ooalt-%el?ivienl:.ehei: fnd ot.her:;tun:}‘es, aes‘r:ellmas
of the two principal me of working, the book will doubtless interest a very
large number of readers.”—Mining Fournal, .
Underground Pumping Mackinery.
MINE DRAINAGE ; being a Complete and Practical Treatise
on Direct-Acting Underground Steam Pumping Machinery, with
a Description of a large number of the best known Engines, their
General %tility and the Special Sphere of their Action, the Mode
of their Application, and their merits compared with other forms of
Pumping Machinery. By STEPHEN MICHELL, Joint-Authorof “ The
Cornish System of Mine Drainage.” 8vo, 15s.cloth. [ Fust publisked.

NAVAL ARCHITECTURE, NAVIGATION, ETC.

—_———

Pocket Book for Naval Architects & Shipbuilders.
THE NAVAL ARCHITECT’S AND SHIPBUILDER'S
POCKET BOOK OF FORMULAZ, RULES, AND TABLES
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY
BOOK OF REFERENCE. By CLEMENT MACKROW, M. Inst.
N. A., Naval Draughtsman. With numerous Diagrams, Fcap.,
125, 64., strongly bound in leather.

EShguld be used by all who are engaged in the construction or design of vessels.”
—_ neer.

“n'Igere is scarcely a subject on which a naval architect or shipbuilder can require
to refresh his memory which will not be found within the covers of Mr, Mackrow's
book.”—English Mechanic.

¢ Mr. Mackrow has compressed an extraordinary amount of information into this
useful volume.”"—Atkenaum.

Grantham's [ron Ship-Building.
ON IRON SHIP-BUILDING ; with Practical Examples and
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40
Plates (21 quite new), including the latest Examples. Together
with separate Text, also considerably enlarged, 12mo, cloth limp,
By JoHN GRANTHAM, M. Inst. C.E., &c. 2/ 2s5. complete,

‘Mr. Grantham’s work is of great interest. It will, we are confident, command an
extensive circulation among shipbuilders in general. By order of the Board of Admi-
ralty, the work will form the text-book on which the examination in iron ship-building
of candidates for promotion in the dockyards will be mainly based.”—Engineering.

Pocket-Book for Marine Engineers.
A POCKET-BOOK OF USEFUL TABLES AND FOR
MULA FOR MARINE ENGINEERS. By FRANK PROCTOR,
A.LN.A, Second Edition, revised and enlarged. Royal 32mo,

leather, gilt edges, with strap, 4.
*¢ A most useful companion to a]l marine engineers.”"—United Service Gazette.
* Scarcely anything required by a naval engineer appears to have been for-
gotten,”—JI7on, .

N
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Light-Houses. :
EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of
a Tour of Inspection made in 1873. By Major GEORGE H.
ELrioT, Corps of Engineers, U.S.A. Illustrated by 51 En-
gravings and 31 Woodcuts in the Text. 8vo, 21s. cloth.

Surveying (Land and Marine).
LAND AND MARINE SURVEYING, in Reference to the
Preparation of Plans for Roads and Railways, Canals, Rivers,
Tovns’ Water Supplies, Docks and Harbours ; with Description
and Use of Surveying Instruments. By W. Davis HaskoLL, C.E.
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s.64. cloth.

** A most useful and well arranged book for the aid of a student.”—Builder.

‘“Of the utmost practical utility, and may be safely ded to all stud
who aspire to become clean and expert surveyors.”—2AMining Fournal.
Storms.

STORMS : their Nature, Classification, and Laws, with the
Means of Predicting them by their Embodiments, the Clouds.
By WiLLiaM Brasius, Crown 8vo, 10s. 64. cloth boards.

Rudimentary Navigation,
THE SAILOR’S SEA-BOOK: a Rudimentary Treatise on Navi-
gation. By JaMES GREENWcOD, B.A. New and enlarged edition.
By W. H. RoSSER. 12mo, 3s. cloth boards.

Mathematical and Nawutical Tables.
MATHEMATICAL TABLES, for Trigonometrical, Astronomical,
and Nautical Calculations; to which is prefixed a Treatise on
Logarithms. By HENRY LAw, C.E. Together with a Series of
Tables for Navigation and Nautical Astronomy. By J. R.
Young, formerly Professor of Mathematics in Belfast College.
New Edition. 12mo, 4s. cloth boards.

Navigation (Practical), with Tables.
PRACTICAL NAVIGATION : consisting of the Sailor’s Sea-
Book, by JAMEs GREENwWooD and W. H. ROSSER ; together
with the requisite Mathematical and Nautical Tables for the Work-
ing of the Problems. By HeNry Law, C.E., and Professor
J. R. Youne. Illustrated with numerous Wood Engravings and
Coloured Plates. 12mo, 7s. strongly half bound in leather.

WEALE'S RUDIMENTARY SERIES.

The following books in Naval Architecture, etc., are published in the
above series.

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By
ROBERT KIPPING, N.A. Fourteenth Edition. 12mo, 2s. 64. cloth.

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By ROBERT
K1pPING, N.A. TIllustrated. 12mo, 3s. cloth boards.

NAVAL ARCHITECTURE. By JaMEs PEARE. Fourth Edition,
with Plates and Diagrams. 12mo, 4s. cloth boards.

MARINE ENGINES, AND STEAM VESSELS. By ROBERT
MUuURrRrAY, C.E. Seventh Edition. 12mo, 3s. 6d. cloth boards.
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Construction. —

THE SCIENCE of BUILDING: An Elementary Treatise on
the Principles of Construction. By E. WyNpHAM TARN, M.A.,
Architect. With 47 Wood Engravings. Demy 8vo, 8s. 6d. cloth.
Aoy aluable book, which we strongly - | students.”— Builder.

d to
B A be without this hand-book,”—Archstect.
Villa Architecture.
A HANDY BOOK of VILLA ARCHITECTURE; being a
Series of Designs for Villa Residences in various Styles. With
Detailed Specifications and Estimates, By C. WICKES, Architect,
Author of “The Spiresand Towersof the Medizval Churches of Eng-
land,” &c. 31 Plates, 4to, half morocco, gilt edges, 1Z. 1s.
*.* Also an Enlarged edition of the above. 61 Plates, with Detailed
- Specifications, Estimates, &c. 2/ 2s. half morocco.

** The whole of the designs bear cvidence of their being the work of an artistic
arrhitect, and they will prove very valuable and suggestive.”"—2Buslding News.

Useful Text-Book for Architects.

THE ARCHITECT'S GUIDE : Being a Text-book of Useful
Information for Architects, Engineers, Surveyors, Contractors,
Clerks of Works, &. By FREDERICK ROGERs. Author of
¢¢Specifications for Practical Architecture,” &c. Cr. 8vo, 6s. cloth.

“¢As a text-book of useful information for architects, engineers, surveyors, &c., it
would be hard to find a handier or more lete little vol —Standard.

Zaylor and Cresy's Rome.

THE ARCHITECTURAL ANTIQUITIES OF ROME. By
the late G. L. TAYLOR, Esq., F.S.A., and EDWARD CREsY, Esq.
New Edition, thoroughly revised, and supplemented under the
editorial care of the Rev. ALEXANDER TAYLOR, M.A. (son of
the late G. L. Taylor, Esq.), Chaplain of Gray’s Inn, Tkis is
the only book which gives on a large scale, and with the precision
of architectural measurement, the principal Monuments of Ancient
Rome in plan, elevation, and detail. Large folio, with 130 Plates,
half-bound, 3/ 3s.
*.* Originally published in two volumes, folio, at 18/ 18s."
Vitruvius' Architecture.

THE ARCHITECTURE OF MARCUS VITRUVIUS
POLLIO. Translated by JosepH GwiLT, F.S.A., F.R.A.S.
Numerous Plates. 12mo, cloth limp, §s.

The Young Architect’s Book.

HINTS TO YOUNG ARCHITECTS. By GEORGE WIGHT-
WICK, Architect. New Edition, revised and enlarged. By G.
Huski1ssON GUILLAUME, Architect. 12mo, cloth boards, 4s.
“Will be found an acquisition to pupils, and a copy ought to be considered as
necessary a purchase as a box of instruments.”— A rchitect. L.
““ A large amount of information, which young architects will do well to acquire, if
they wish to succeed in the everyday work of their profession.”—ZEnglish Mechanic.

Drawing for Builders and Students.
PRACTICAL RULES ON DRAWING for the OPERATIVE
BUILDER and YOUNG STUDENT in ARCHITECTURE.
By GEORGE PYNE. With 14 Plates, 4to, 7s. 6. boards.
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The House-Owner’s Estimator.
THE HOUSE-OWNER’S ESTIMATOR; or, What will it
Cost to Build, Alter, or Repair? A Price-Book adapted to the
Use of Unprofessional People as well as for the Architectural
Surveyor and Builder. By the late JaMEs D. SiMoN, A.R.1.B.A.
Edited and Revised by Francis T. W. MILLER, A.R.[.LB.A.,
Surveyor. Third Edition, carefully Revised. Crown 8vo, 3s. 64.,
cloth. [Fust published.

¢¢In two years it will repay its cost a hundred times over.”—Fie/d.
“‘ A very handy book for those who want to know what a house will cost to build,
alter, or repair.”— English Mechkanic.

Boiler and Factory Chimneys.
BOILER AND FACTORY CHIMNEYS ; their Draught-power
and Stability, with a chapter on Lightning Conductors. By ROBERT
‘WiLsoN, C.E., Author of * Treatise on Steam Boilers,” &c., &c.
Crown 8vo, 3s. 6. cloth.

Civil and Ecclesiastical Building.
A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL,
Including CHURCH RESTORATION. By Sir EDMUND BECKETT,
Bart.,, LL.D., Q.C., F.R.A.S., Chancellor and Vicar-General
of York. Author of ‘“Clocks and Watches and Bells,” &c.

Second Edition, 12mo, §s. cloth boards.

*¢ A book which is always amusing and nearly always instructive. Sir E. Beckett
will be read for the raciness of his style. We are able very cordially to recommend
all persons to read it for themselves. " The style throughout is in the highest degree

d and epig; ic.” —Times. A
‘“ We commend the book to the thoughtful consideration of all who are interested

in the building art.”—Builder.

Avrchitecture, Ancient and Modern.
RUDIMENTARY ARCHITECTURE, Ancient and Modern,
Consisting of VITRUVIUS, translated by JOSEPH GWILT,
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi-
tecture, by the EARL of ABERDEEN; the ORDERS of
Architecture, by W. H. LEEDs, Esq.; The STYLES of Archi-
tecture of Various Countries, by T. TALBoT BURY; The
PRINCIPLES of DESIGN in Architecture, by E. L. GARBETT.
In one volume, half-bound (pp. 1,100), copiously illustrated, 12s.

* > Sold separately, in two vols., as follows—
ANCIENT ARCHITECTURE. Containing Gwilt’s Vitruvius
and Aberdeen’s Grecian Architecture. Price 6s. half-bound,
N.B.—This is the only edition of VITRUVIUS procurable at a
moderale price.
MODERN ARCHITECTURE. Containing the Orders, by Leeds ;
The Styles, by Bury; and Design, by Garbett. 65, half-bound.

House Painting.
HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING : a Practical Manual of. With 9 Coloured
Plates of Woods and Marbles, and nearly 150 Wood Engravings,
By ELLIS A. DAVIDSON, Author of ‘* Building Construction,” &c.
Third Edition, carefully revised. 12mo, 6s. cloth boards.

** Contains a mass of information of use to the amateur and of value to the practical
man.”—ZEnglish Mechanic, P
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Plumbing.

PLUMRING ; aText-book to the Practice of the Art or Craft of the
Plumber. With chapters upon House-drainage, embodying the
latest Improvements. By W. P. BUCHAN, Sanitary Engineer,
Second Edition, enlarged, with 300 illustrations, 12mo. 4s. cloth.

¢ The chapters on house-drainage may be usefully consulted, not on]y by plumbers,
but also by engineers and all engaged or interested in house-building.”—J/7oz.

Handbook of Spectfications.

THE HANDBOOK OF SPECIFICATIONS ; or, Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing
up Specifications and Contracts for Works and Constructions.
Illustrated by Precedents of Buildings actually executed by eminent
Architects and Engineers. By Professor THoMAs L. DONALD-
soN, M.L.B.A. New Edition, in One large volume, 8vo, with
upwards of 1000 pages of text, and 33 Plates, cloth, 1/, 11s. 6d.

*“In this work forty-four specifications of executed works are given. . . . Donald-
son’s Haydbook c:f Specifications must be.bought by all arc.hitects.”--Bwildtr.
Specifications for Practical Architecture.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE:
A Guide to the Architect, Engineer, Surveyor, and Builder ; with
an Essay on the Structure and Science of Modern Buildings. By
FREDERICK ROGERs, Architect. 8vo, 15s. cloth,

*»* A volumeof specifications of a practical character being greatly required, and the
old standard work of Alfred Bartholomew being out of print, the author, on the basis
of that yvork,.has produced the abgvc.-—Extract ' from ﬁrq'ace.

Designing, Measuring, and Valuing.
THE STUDENT'S GUIDE to the PRACTICE of MEA.
SURINGand VALUING ARTIFICERS' WORKS; containing
Directions for taking Dimensions, Abstracting the same, and bringi
the Quantities into Bill, with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the re-
spective Trades of Bricklayer and Slaier, Carpenter and Joiner,
ainter and Glazier, Paperhanger, &c. With 43 Plates and Wood-
- cuts. Originally edited by EDWARD DoBSON, Architect. New
Edition, re-written, with Additions on Mensuration and Construc-
tion, and useful Tables for facilitating Calculations and Measure-
ments. By E. WyNDHAM TARN, M.A., 8vo, 10s. 6d. cloth.

‘¢ Well fulfils the promise of its title-page. Mr. Tarn’s additions and revisions have
much increased the usefulness of the work.”—Engineering.

Beaton's Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING
TRADES, being an easy method of estimating the various parts
of a Building collectively, more especially applied to Carpenters’
and Joiners’ work, priced according to the present value of material
and labour. By A. C. BEATON, Author of ¢‘Quantities and
Measurements.” * Second Edition. Waistcoat-pocket size. 1s, 6.

Beaton’s Builders and Surveyors' Technical Guide.
THE POCKET TECHNICAL GUIDE AND MEASURER
FOR BUILDERS AND SURVEYORS: containing a Complete
Explanation of the Terms used in Building Construction, Memo-
randa for Reference, Technical Directions for Measuring Work in
all the Building Trades, &. By A. C. BEATON. 1Is. 6d.
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Builder's and Contractor's Price Book.
LOCKWOOD & CO.’S BUILDER’S AND CONTRACTOR’S
PRICE BOOK, containing the latest prices of all kinds of Builders’
Materials and Labour, and of all Trades connected with Building,
&c., &c. The whole revised and edited by F. T. W, MILLEK,
A.R.I.B.A. Fcap. half-bound, 4s.

CARPENTRY, TIMBER, ETC.

—_——

Tredgold’s Carpentry, new and cheaper Edition.
THE ELEMENTARY PRINCIPLES OF CARPENTRY :
a Treatise on the Pressure and Equilibrium of Timber Framing, the
Resistance of Timber, and the Construction of Floors, Arches,
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which
- is added an Essay on the Nature and Properties of Timber, &c.,
with Descriptions of the Kinds of Wood used in Building ; also
numerous Tables of the Scantlings of Timber for different purposes,
the Specific Gravities of Materials, &c. By THoMAs TREDGOLD,
C.E. Edited by PETER BarLow, F.R.S. Fifth Edition, cor-
rected and enlarged. With 64 Plates (11 of which now first appear
in this edition), Portrait of the Author, and several Woodcuts. In
1 vol., 4to, published at 2/. 2s., reduced to 1/, §s. cloth.
“ Ought to be in every architect’s and every builder’s library, and those who
-do not already possess it ought to avail themselves of the new issue.”—Builder.
“A work whose 1 1) must d it wherever skilful car-
pentry is concerned. The Author’s principles are rather confirmed than impaired by
time. The additional plates are of great intrinsic value,”—Building News.

Grandy's Timber Tables.

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S,

and BUILDER’S STANDARD GUIDE. By RIcHARD E.

GRANDY. Comprising :—An Analysis of Deal Standards, Home

and Foreign, with comparative Values and Tabular Arrangements

for Fixing Nett Landed Cost on Baltic and North American Deals,

including all intermediate Expenses, Freight, Insurance, &c., &c. ;

together with Copious Information for the Retailer and Builder.

- 2nd Edition. Carefully revised and corrected. I12mo, 3s. 6. cloth.

*‘ Everything it pretends to be: built up gradually, it leads one from a forest to a

treenail, and torows in, as a makeweight, a host of material concerning bricks, columns,
cisterns, &c,—all that the class to whom it appeals requires,”—ZEnglish Mechanic.

Timber Freight Book.
THE TIMBER IMPORTERS’ AND SHIPOWNERS’
FREIGHT BOOK : Being a Comprehensive Series of Tables for
the Use of Timber Importers, Captains of Ships, Shipbrokers,
Builders, and all Dealers in Wood whatsoever. By WILLIAM
RICHARDSON, Timber Broker. Crown 8vo, 6s. cloth.

Tables for Packing-Case Makers.

PACKING-CASE TABLES ; showing the number of Superficial
Feet in Boxes or Packing-Cases, from six inches square and
upwards. By W. RICHARDSON. Oblong 4to, 35. 64. cloth,

* Will save much labour and calculation to packing-case makers and those who use
packing-cases.”—Grocer. ¢ Invaluable labour-saving tables."—/ronmonger.
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Horton's Measurer.

THE COMPLETE MEASURER ; setting forth the Measure-
ment of Boards, Glass, &c.; Unequal-sided, Square-sided, Oc-
tagonal-sided, Round Timber and Stone, and Standing Timber.
With just allowances for the bark in the respective species of
trees, and proper deductions for the waste in hewing the trees,
&c.; also a Table showing the solidity of hewn or eight-sided
timber, or of any octagonal-sided column. By RicHARD HORTON.
Third edition, with considerable and valuable additions, 12mo,
strongly bound in leather, 5s.

Horton's Underwood and Woodland Tables.

TABLES FOR PLANTING AND VALUING UNDER.
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical,
and Decimal Tables, &c. By R. HORTON. 12mo, 2s. leather.

Nicholson's Carpenter's Guide.

THE CARPENTER’'S NEW GUIDE; or, BOOK of LINES
for CARPENTERS : comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the
late PETER NICHOLSON’S standard work. A new Edition, revised
by ARTHUR ASHPITEL, F.S.A,, together with Practical Rules on
Drawing, by GFORGE PYNE. With 74 Plates, 4to, 1/ 1s. cloth,

Dowsing’s Timber Merchant's Companion.

THE TIMBER MERCHANT'S AND BUILDER’S COM-
PANION ; containing New and Copious Tables of the Reduced
Weight and Measurement of Deals and Battens, of all sizes, from
One to a Thousand Pieces, also the relative Price that each size
bears per Lineal Foot to any given Price per Petersburgh Standard
Hundred, &c., &c. Also a variety of other valuable information.
By WiLLiAM DowsING, Timber Merchant. Third Edition, Re-
vised. Crown 8vo, 3s. cloth.

‘“‘Everything is as concise and clear as it can possibly be made. There can be no
doubt that every timber merchant and builder ought to possess it.”—Hxll Advertiser.

Practical Timber Mevchant.

THE PRACTICAL TIMBER MERCHANT, being a Guide
for the use of Building Contractors, Surveyors, Builders, &c.,
comprising useful Tables for all purposes connected with the
Timber Trade, Essay on the Strength of Timber, Remarks on the
Growth of Timber, &c. By W. RICHARDSON. Fcap. 8vo, 3s. 6d. cl.
Woodworking Machinery.
WOODWORKING MACHINERY ; its Rise, Progress, and
Construction. With Hints on the Management of Saw Mills and
the Economical Conversion of Timber. Illustrated with Examples
of Recent Designs by leading English, French, and American
Engineers. By M. Powis BaLg, M.I.LM.E. Large crown 8vo,
12s. 6d. cloth.
¢ Mr. Bale is evidently an expert on the subject, and he has collected so much
information that his book is all-sufficient for builders and others engaged in the con-
version of timber.” — A»chitect.
““The most comprehensive compendium of wood-working thachinery we have
seen. The author is a thorough master of his subject.”—Bwuilding News.
. ¢ It should be in the office of every wood-working factory.”—English Mechanic.

]
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Turning. —

LATHE-WORK : a Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By PAuL N. Has-
LUCK. With numerous Illustrations drawn by the Author.
Crown 8vo, §s. cloth. f_‘?u:t published.

‘“ Evidently written from personal experience, and gives a large amount of just
that sort of information which beginncrs at the lathe require.”—Builder.

‘“ Expounds the art and mystery of the turner in an informative fashion,”—Scotsmearn.
‘““ Mr. Hasluck’s book will be a boon to amateurs.”--Architect.

Mechanic's Wortkshop- Companion,
THE OPERATIVE MECHANIC'S WORKSHOP COM-
PANION, and THE SCIENTIFIC GENTLEMAN'’S PRAC-
TICAL ASSISTANT. By W. TEMPLETON. 12th Edit., with
Mechanical Tables for Operative Smiths, Millwrights, Engineers,
&c. ; and an Extensive Table of Powers and Roots, 12mo, §s. bound.
*‘ Admirably adapted to the wants of a very large class. It has met with great

success in the engineering workshop, as we can testify ; and there are a t many
men who, in a great measure, owe their rise in life to this little work.”—Bu:lding News.

Engineer's and Machinist’s Assistant.
THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST’S
PRACTICAL ASSISTANT ; comprising a Collection of Useful
Tables, Rules, and Data. By WM. TEMPLETON. 18mo, 2s5. 6d.

A more suitable present to an apprentice to any of the mechanical trades could not
possibly bemac!e." Butlding News.
uperficial Measurement.

THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA-.
SUREMENT. Tables calculated from I to 200 inches in length,
by 1 to 108 inches in breadth. For the use of Architects, Engineers,
Timber Merchants, Builders, &c. By J. HAWKINGs. Fep. 3s. 64. cl.

The High-Pressure Steam Engine.
THE HIGH-PRESSURE STEAM ENGINE ; an Exposition
of its Comparative Merits, and an Essay towards an Improved
System of Construction, adapted especially to secure Safety and
Economy. By Dr. ERNsT ALBAN. Translated from the German,
with Notes, by Dr. PoLE, F.R.S. 8vo, 16s. 64. cloth.

Steam Boilers.
A TREATISE ON STEAM BOILERS : their Strength, Con.
struction, and Economical Working. By R. WiLsoN, C.E.
Fifth Edition. 12mo, 6s. cloth.

“‘ The best work on boilers which has come under our notice "— Engincering.
““ The best treatise that has ever been published on steam boilers.”—Engineer.

Power in Motion.
POWER IN MOTION : Horse Power, Toothed Wheel Gearing,
Long and Short Driving Bands, Angular Forces, &c. By JAMES
ARMOUR, C.E. With 73 Diagrams. 12mo, 3s., cloth.

Mechanics.

THE HANDBOOK OF MECHANICS. By Dionysius
LARDNER, D.C.L. New Edition, Edited and considerably En.
larged, by BENJAMIN LoEwy, F.R.A.S., &c., post 8vo, 65, cloth,

* Studiously popular . . . . The application of the various branches of physics to
the industrial arts is carefully shown.” —Mining Fournal.
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MATHEMATICS, TABLES, ETC. .

Gregory's Practical Mathematics.
MATHEMATICS for PRACTICAL MEN ; being a Common-
place Book of Pure and Mixed Mathematics. Designed chiefly
for the Use of Civil Engineers, Architects, and Surveyors. Part I.
PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry,
Mensuration, Trigonometry, Conic Sections, Properties of Curves.
Part I1. MIXED MATHEMATICS—comprising Mechanics in general,
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,
Mechanical Agents, Strength of Materials. With an Appendix of
copious Logarithmic and other Tables. By OLINTHUS GREGORY,
LL.D., F.R.A.S. Enlarged by HENRY Law, C.E. 4th Edition,
revised by Prof. J. R. YOUNG. With 13 Plates. 8vo, 1/ 1s. cloth,
¢ The engmneer or architect will here find ready to his hand, rules for solving nearly
every mathematical difficulty that may arise in his practice. The rules are in all cases
explained by means of examples clearly worked out.”—Builder.

The Metric System.
A SERIES OF METRIC TABLES, in which the British
Standard Measures and Weights are compared with those of the
Metric System at present in use on the Continent. By C. H.
DowLING, C.E. 2nd Edit., revised and enlarged. 8vo, 10s. 64. cl.
* Their accuracy has been certified by Prof. Airy, Asmomu-R?yaL”—Bxildcr.

Inwood’s Tables, greatly enlavged and improved.
TABLES FOR THE PURCHASING of ESTATES, Freehold,
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the
Renewing of Leases held under Cathedral Churches, Colleges, or
other corporate bodies; for Terms of Years certain, and for Lives ;
also for Valuing Reversionary Estates, Deferred Annuities, Next
Presentations, &c., together with Smart’s Five Tables of Compound
Interest, and an Extension of the same to Lower and Intermediate
Rates. By WILLIAM INwoOOD, Architect. The 21st edition, with
considerable additions, and new and valuable Tables of Logarithms
for the more Difficult Computations of the Interest of Money, Dis-
count, Annuities, &. By M. FEDOR THOMAN. I2mo, 8. cloth.

*¢ Those interested in the purchase and sale of estates, and in the adjustment of
compensation cases. as well as in transactions in annuities, life insurances, &c., will
find the p cdition of eminent service‘."—E ngwcrmg:

Geometry for the Architect, Engineer, &'c.
PRACTICAL GEOMETRY, for the Architect, Engineer, and
Mechanic. By E. W, TARN, M. A., Architect. Demy 8vo, 12s.64. cl.

Mathematical Instruments. ,

MATHEMATICAL INSTRUMENTS: Their Construction,
Adjustment, Testing, and Use ; comprising Drawing, Measuring,
Optical, Surveying, and Astronomical Instruments. By J. F.
HEATHER, M.A. Enlarged Edition, 12mo, §s. cloth,

Weights, Measures, Moneys, &'c.

MEASURES, WEIGHTS, and MONEYS of all NATIONS,
and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. Entirely New Edition, Revised and Enlarged. By
‘W. S. B. WoorHousEg, F,R.A.S. I12mo, 2s. 64. cloth boards.

P
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Compound Interest and Annuities.

THEORY of COMPOUND INTEREST and ANNUITIES ;
with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c., in all their Applications and
Uses for Mercantile and State Purposes. By F&DOR THOMAN,
of the Société Crédit Mobilier, Paris. 3rd Edit , 12mo, 4s. 64. cl.

““ A very F?owerful work, and the Author has a very remarkable command of his
subject.” —Professor A. de Morgan.

Lron and Metal Trades Calculator.

THE IRON AND METAL TRADES’ COMPANION :
Being a Calculator containing a Series of Tables upon a new and
comprehensive plan for expeditiously ascertaining the value of any
goods bought or sold by weight, from 1s. per cwt. to I12s. per
cwt., and from one farthing per 1b. to 1s. per lb. Each Table ex-
tends from one Ib. to 100 tons. By T. DOWNIE. 396 pp., 9s., leather.

““ A most useful set of tables, and will supply a want, for nothing like them before
existed.”— Building News.

Lron and Steel,

‘IRON AND STEEL’: a Work for the Forge, Foundry,
Factory, and Office. Containing Information for Ironmasters and
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ;
Mechanical, Mining, and Consulting Engineers ; Architects, Builders,
&c. By CHARLES HOARE, Author of * The Slide Rule,’ &c. Eighth
Edition. With folding Scales of *‘Foreign Measures compared
with the English Foot,” and ‘‘fixed Scales of Squares, Cubes,
and Roots, Areas, Decimal Equivalents, &c.” Oblong, 32mo, 6.,
leather, elastic-band.
‘ For comprehensiveness the book has not its equal.”—7»o.

Comprehensive Weight Calculator.

THE WEIGHT CALCULATOR, being a Series of Tables
upon a New and Comprehensive Plan, exhibiting at one Reference
the exact Value of any Weight from 1lb. to 15 tons, at 300 Pro-
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con-
taining 186,000 Direct Answers, which, with their Combinations,
consisting of a single addition (mostly to be performed at sight),
will afford an aggregate of 10,266,000 Answers ; the whole being
calculated and designed to ensure Correctness and promote
Despatch, By HENRY HARBEN, Accountant, Sheffield. New
Edition. Royal 8vo, 1/. 5s., strongly half-bound.

Comprehensive Discount Guide.

THE DISCOUNT GUIDE : comprising several Series of Tables
for the use of Merchants, Manufacturers, Ironmongers, and others,
by which may be ascertained the exact profit arising from any mode
of using Discounts, either in the Purchase or Sale of Goods, and
the method of either Altering a Rate of Discount, or Advancing a
Price, so as to produce, by one operation, a sum that will realise
any required profit after allowing one or more Discounts : to which
are added Tables of Profit or Advance from 1} to 9o per cent.,
Tables of Discount from 1} to 98% per cent., and Tables of Commis-
sion, &c., from } to 10 per cent. By HENRY HARBEN, Accountant,
New Edition. Demy 8vo, 1/. §s., half-bound.
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SCIENCE AND ART.
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The Construction of the Organ.

PRACTICAL ORGAN BUILDING. By W. E. DICKSON,
M. A., Precentor of Ely Cathedral. Crown 8vo, 5s. cloth.
‘‘ In many respects the book is the best that has yet appeared on the subject. We
cordially recommend it.” —English Mechanic. .
‘“ Any practical amateur following the instructions here given might build an
organ to his entire satisfaction.”—ZLeeds Mercury.

Dentistry.

MECHANICAL DENTISTRY. A Practical Treatise on the
Construction of the various kinds of Artificial Dentures. Com-
prising also Useful Formulse, Tables, and Receipts for Gold
Plate, Clasps, Solders, etc., etc. By CHARLES HUNTER. With
numerous Wood E;Eravings. Crown 8vo, 7s. 64. cloth,

“The work is very practi "—Monthly Review of Dental Surgery. .
““An authoritative treatise . . ... We can strongly recommend Mr. Hunter's

treatise to all stud Br for the n of dentistry, as well as to every
mechanical dentist.”—Dublin Fournal rzf Medical Science. [and Circular,
“ The best book on the subject with which we are acquainted.”—Medical Prese.

Brewing.
A HANDBOOK FOR YOUNG BREWERS. By HERBERT
EDWARDS WRIGHT, B.A. Crown 8vo, 3s. 64. cloth.
*“ A thoroughly scientific_treatise in popular language. It is evident that the
author has mastered his subject in its scientific aspects.”—Morning Advertiser.
‘“ We would particularly recommend teachers of the art to place it in every pupil’s
hands, and we feel sure its perusal will be attended with advantage.”"— Brewer.

Gold and Gold-Working.
THE GOLDSMITH'S HANDBOOK : containing full instruc-
tions for the Alloying and Working of Gold. Including the Art of
Alloying, Melting, Reducing, Colouring, Collecting and Refining.
The processes of Manipulation, Recovery of Waste, Chemical and
Physical Properties of Gold, with a new System of Mixing its
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c.
By GEORGE E. GEE, Goldsmith and Silversmith. Second Edition,
considerably enlarged. 12mo, 3s. 64. cloth boards.
“The best work yet printed on its subject for a reasonable price. ’ — Feweller.
“‘ We consider that the trade owes not a little to Mr. Gee, who has in two volumes
compressed almost the whole of its literature, and we doubt not that many a young
beginner will owe a part of his future success to a diligent study of the pages which
are peculiarly well adapted to his use.””—Clerkenwell Press.
“ Essentially a practical manual, well adapted to the wants of amateurs and
apprentices, containing trustworthy information that only a practical man can
supply.”’—English Meckanic,

Stlvey and Stlver Working.

THE SILVERSMITH’S HANDBOOK, containing full In-
structions for the Alloying and Working of Silver, including the
different modes of refining and melting the metal, its solders, the
preparation of imitation alloys, &c. By GEORGE E. GEE,
TLeweller, &c. 12mo, 3s. 6d. cloth boards.
““ The chief merit of the work is its practical character. The workers in the trade
will speedily discover its merits when they sit down to study it,”— £ gli&‘/l Mechanic,
*‘This work forms a valuable sequel to the author's Practical Goldworker, and
supplies 2 want long felt in the silver trade.”—Siversmith's Trade Fournal.



22 WORKS IN SCIENCE AND ART, ETC,

Electric Lighting.
ELECTRIC LIGHT : Its Production and Use, embodying plain
Directions for the Working of Galvanic Batteries, Electric Lamps,
and Dynamo-Electric Machines. By J. W. URQUHART, C. E.,
Author of ¢‘ Electroplating : a Practical Handbook.” Edited by
F. C. Wess, M.LC.E.,, M.S.T.E. With 94 Illustrations.
Crown 8vo, 7s. 6d. cloth.

‘“ It is the only work at present available, which gives a general but concise history
of the means which have been adopted up to the p t time in producing the
electiic light."—AMetropolitan.

“ Au important addition to the literature of the electric light. Students of the
subject should not fail to read it.”"—Colliery Guardian.

Electroplating, &e.
ELECTROPLATING: A Practical Handbook. By J. W,
URQUHART, C.E. Crown 8vo, 5s. cloth.
*“ A large amount of thoroughly Practieal information,"—ZTelegraphic Fournal.
‘¢ An excellent practical manual.”—Engineering.
““The information given appears to be based on direct personal knowledge. . . .
Its science 1s sound, and the style is always clear.” = A tkenzum.
¢ Any ordinarily intelligent person may become an adept in electro-deposition
with a very little science indeed, and this is the book to show him or her the way.”

—Builder.
*“ The volume is without a rival in its particular sphere.”—Design and Work.

Electrotyping, &e.
ELECTROTYPING : a Practical Manual on the Reproduction
and Multiplication of Printing Surfaces and Works of Art by the
Electro-deposition of Metals. By J. W. UrQuHART, C.E.
Crown 8vo, §s. cloth. [Fust published.

‘“Will serve as a guide, not only to beginners in the art, but to those who still
practise the old and imperfect methods of electrotyrin_g."—]rm

“The book throughout is entirely practical, is lucid and clear in style, and the
minutest details are so stated that amateurs will find no difficulty whatever in follow-
ing them out. We have no hesitation in recommending it as a reliable work.”—
Paper and Printing Trades ¥ournal.

The Military Sciences.

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed
from Contributions of Officers and others connected with the dif-
ferent Services, Originally edited by a Committee of the Corps of
Royal Engineers, Second Edition, most carefully revised by an
Officer of the Corps, with many additions ; containing nearly 350
Engravings and many hundred Woodcuts. 3 vols. royal 8vo, extra
cloth boards, and lettered, 4/, 10s.

Field Fortification.
A TREATISE on FIELD FORTIFICATION, the ATTACK
of FORTRESSES, MILITARY MINING, and RECON.
NOITRING. By Colonel I. S. MacauLay, late Professor of
Fortification in the R. M. A., Woolwich. Sixth Edition, crown
8vo, cloth, with separate Atlas of 12 Plates, 125, complete,

Dye-Wares and Colours. -
THE MANUAL of COLOURS and DYE-WARES: their
Properties, Applications, Valuation, Impurities, and Sophistications.
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J.
W. SLATER. Post 8vo, 7s. 64. cloth.
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The Alkali Trade—Sulphuric Acid, &e.

A MANUAL OF THE ALKALI TRADE, including the
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By JouN LoMmas, Alkali Manufacturer, Newcastle-upon-
Tyne and London. With 232 Illustrations and Working Draw-
ings, and containing 386 pages of text. Super-royal 8vo,
2/ 125. 6d. cloth, Fust published.
This work provides (1) @ Complete Handbook for intending Alkali and Sulphuric
Acid Manufacturers, and for those already tn the field who desire to improve their
Plant, or to become practically acquainted with the latest processes and developments
of the trade ; (2) a Handy Volume whick Manufacturers can put into the hands of
their Managers and Foremen as a useful guide in their daily rounds of duty.

SyNopsis OF CONTENTS.

Chap. I. Choice of Site and General
Plan of Works—II. Sulphuric Acid—
III. Recovery of the Nitrogen Com-
pounds. and Treatment of Small Pyrites
~IV, The Salt Cake Process—V. is-
lation upon the, Noxious Vapours Ques-
tion—VI1. The Hargreaves' and Jones’
Processes—VII. The Balling Process—

IX. Carbonating or Finishing—X. Soda
Crystals — XI. Refined Alkali — XII.
Caustic Soda — XIII. Bi-carbonate of
Soda — XIV. Bleaching Powder — XV,
Utilisation of Tank Waste—XVI1. General
Remarks—Four Appendices, treating of
Yields, Sulphuric Acid Calculations, Ane-
mometers, and Foreign Legislation upon
the Noxious Vapours Question,

VIII. Lixiviation and Salting Down—

“The author has given the fullest, most practical, and, to all concerned in the
alkali trade, most vaﬁ:‘able mass of information that, to our knowledge, has been
published in any language.”—Engineer. .

‘* This book is written by a facturer for facturers. The working details
of the most approved forms of apparatus are given, and these are accompanied by
no less than 232 wood engravings, all of which may be used for the purposes of con-
struction. Every step in the manufacture is very fully described in this manual, and
each improvement explained. Everything which tends to introduce economy into
the technical details of this trade receives the fullest attention. The book has been
produced with great comp Y—Ath ,

““The author is not one of those clever compilers who, on short notice, will ‘read
up’ any conceivable subject, but a practical man in the best sense of the word. We
find here not merely a sound and luminous explanation of the chemical principles of
the trade, but a notice of numerous matters which have a most important bearing
on the successful conduct of alkali works, but which are generally overlooked b
even the most experienced technological authors. This most valuable book, whicl
we trust will be generally aﬁppreciated, we must pronounce a credit alike to its author
;nd _to the enterprising firm who have undertaken its publication.”—C/hemical

eview.

Chemical Analysis.

THE COMMERCIAL HANDBOOK of CHEMICAL ANA-
LYSIS ; or Practical Instructions for the determination of the In-
trinsic or Commercial Value of Substances used in Manufactures,
in Trades, and in the Arts. By A. NORMANDY, Author of ‘‘ Prac-
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s
¢ Treatise on Chemical Analysis.” New Edition. Enlarged, and
to a great extent re-written, by HENRY M. Noap, Ph. D., F.R.S.
With numerous Illustrations. Cr. 8vo, 12s. 6d. cloth.

‘“We recommend this book to the careful perusal of every one; it may be truly
affirmed to be of universal interest, and we strongly recommend it to our readers as a
guide, alike indispensable to vife as to phar ical it ”
Medical Times.

‘“ Essential to the analysts appointed under the new Act. The most recent results
are given, and the work is well edited and carefully written.”"—Nature,
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Dyr. Lardner’'s Museum of Science and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by
DioNysius LARDNER, D.C.L., formerly Professor of Natural Phi-
losophy and Astronomy in University College, London. With up-
wards of 1200 Engravings on Wood. In 6 Double Volumes.
Price £1 Is., in a new and elegant cloth binding, or handsomely
bound in half morocco, 31s. 64.

OPINIONS OF THE PRESS.

“ This series, besides affording popular but sound instruction on scientific subjects,
with which the humblest man in the country ought to be acquainted, also undertakes
that teaching of ‘ common things’ which every well-wisher of his kind is anxious to
promote. Many thousand copies of this serviceable publication have been printed,
in the belief and hope that the desire for instruction aud improvement widely pre-
vails; and we have no fear that such enlightened faith will meet with disappaint-
ment.”--Times.

*“ A cheap and interesting publication, alike informing and attractive. The papers
combine subjects of importance and great scientific knowledge, considerable induc-
tive powers, and a popular style of treatment.”—Spectator.

“’The *Museum of Science and Art’ is the most valuable contribution that has
ever been made to_the Scientific Instruction of every class of society.”—Sir David
Brewster in the North British Review. -

“ Whether we consider the liberality and beauty of the illustrations, the charm of
the writing, or the durable interest of the matter, we must express our belief that
there is hardly to be found among the new books, one that would be welcomed by
people of so many ages and classes as a valuable present.”—Zxaminer.

* Y Separate books formed from the above, suitable for Workmenw's
Libraries, Science Classes, &c.

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire,
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and
Watches, &c. 233 Illustrations, cloth gilt, 5s.

TIIE MICROSCOPE. Containing Optical Images, Magnifying
Glasses, Origin and Description of the Microscope, Microscopic
Objects, the Solar Microscope, Microscopic Drawing and Engrav-
ing, &c. 147 Illustrations, cloth gilt, 2.

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d.

POPULAR PHYSICS. Containing Magnitude and Minuteness, the
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog-
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus-
trations, cloth gilt, 2s. 64.

STEAM AND ITS USES. Includinsg the Steam Engine, the Lo-
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s.

POPULAR ASTRONOMY. Containing How to Observe the
Heavens, The Earth, Sun, Moon, Planets.  Light, Comets,
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 64.

THE BEE AND WHITE ANTS: Their Manners and Habits.
With Illustrations of Animal Instinct and Intelligence. 135 Illus-
trations, cloth gilt, 2.

THE ELECTRIC TELEGRAPH POPULARISED. To render
intelligible to all who can Read, irrespective of any previous Scien-
tific Acquirements, the various forms of Telegraphy in Actual

. Operation, 100 Illustrations, cloth gilt, 1s. 64.
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Dy. Lardner's Handbooks of Natural Philosopty.

*o* The following five volumes, though eack is Complete in_itself, and to be prer-
chased separately, form A COMPLETE COURSE OF NATURAL PHILOSOPHY, and are
intended for the general reader who desires to attain accurate knowledge of the
various departments of Physical Science, without pursuing them according to the
more profound method. th ical i tigation. The style is studiousl
popular, 1t has been the author's aim to supply Manunals suck as are requived é
the Student, the Engineer, the Artisan, and the superior classes in Schools.

THE HANDBOOK OF MECHANICS. Enlarged and almost
rewritten by BENjaAMIN LoeEwy, F.R.A.S. With 378 Illustra-
tions. Post 8vo, 6s. cloth.

“‘The perspicuity of the original has. been retained, and chapters which had
become obsorete, i‘:zve been replaced by others of more modern character. The
explanations throughout are studiously popular, and care has been taken to show
the application of the various branches of physics to the industrial arts, and to
the practical business of life.”-—~Mining Fournal.

THE HANDBOOK of HYDROSTATICS and PNEUMATICS.
New Edition, Revised and Enlarged by BENJAMIN LOEWY,
F.R.A.S. With 236 Illustrations. Post 8vo, §s. cloth.

““ For those ¢ who desire to attain an accurate knowledge of physical science with-
out the g;ofound methods of mathematical investigation,’ this work is not merely in-
tended, but well adapted.”—Chkemical News.

THE HANDBOOK OF HEAT. Edited and almost entirely
Rewritten by BENJAMIN LoeEwy, F.R.A.S., etc. 117 Illustra-
tions. Post 8vo, 6s. cloth.

“The style is always clear and precise, and conveys instruction without leaving
any cloudiness or lurking doubts behind.”—Engineering. . .

THE HANDBOOK OF OPTICS. New Edition. Edited by
T. OLVER HARDING, B.A. 298 Illustrations. Post 8vo, 5s. cloth.

¢ Written by one of the ablest English scientific writers, beautifully and elaborately
illustrated.”— Mechanics’ Magasine.

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and
ACOUSTICS. New Edition. Edited by GEo. CAREY FOSTER,
B:A., F.C.S. With 400 Illustrations. Post 8vo, §s. cloth.

“ The book could not have been entrusted to any one better calculated to preserve
the terse and lucid style of Lardner, while correcting his errors and bringing up his
work to the present state of scientific imowledge."—l-"mlar Science Review.

Dr. Lardner's Handbook of Astronomy.

THE HANDBOOK OF ASTRONOMY. Forming a Com-
panion to the ¢ Handbooks of Natural Philosophy.” By DIony-
sIus LARDNER, D.C.L., formerly Professor of Natural Philosophy
and Astronomy in University College, London. Fourth Edition.
Revised and Edited by EDwIN DuNkIN, F.R.S., Royal Observa-
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts.
In 1 vol., small 8vo, 550 pages, 9s. 64., cloth,

¢ Probably no other book contains the same amount of information in so com-
pendious and well-arranged a form—certainly none at the price at which this is
offered to the public.”—A4# .

** We can do no other than pronounce this work a most valuable manual of astro-
nomy, and we strongly recommend it to all who wish to acquire a general—but at
f}l_essa_me time correct—acquaintance with thissublime science.”- Quarterly Fournal
of Science.

Dr. Lardner's Handbook of Animal Physics.
THE HANDBOOK OF ANIMAL PHYSICS.” By Dr.
LLARDNER. With 520 Illustrations. New edition, small 8vo,
cloth, 732 pages, 7s. 6d.

*“ We have no hesitation in cordially recommending it.”—ZEducational Times.

“m
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Dr. Lardner's School Handbooks.
NATURAL PHILOSOPHY FOR SCHOOLS. By DR, LARDNER.
328 Illustrations.  Sixth Edition. 1 vol. 3s. 64, cloth,
** Conveys, in clear and precise terms, general notions of all the principal divisions
of Physi Science.”—British Suart:rly Review.
ANIMAL PHYSIOLOGY FOR SCHOOLS. By DR. LARDNER.
With 190 Illustrations. Second Edition. I vol. 3s. 64. cloth,
*‘Clearly written,well arranged, and excellently illustrated.”—Gardeners’ Chronicle.

Dr. Lardner's Electric Telegraph.
THE ELECTRIC TELEGRAPH. By Dr. LARDNER. New
Edition. Revised and Re-written, by E. B. BrIGHT,F.R.A.S.
140 Illustrations. Small 8vo, 2s. 6d. cloth.
¢‘One of the most readable books extant on the Electric Telegraph,”—Eng. Meckanic.

Electricity.
A MANUAL of ELECTRICITY ; including Galvanism, Mag-
netism, Diamagnétism, Electro-Dynamics, Magneto-Electricity, and
the Electric Telegraph.- By HENRY M. Noap, Ph.D., F.C.S.
Fourth Edition, with §00 Woodcuts. 8vo, 1/ 4s. cloth.

* The accounts given of electricity and galvanism are not only complete in a scientific
sense, but, which 1s a rarer thing, are popular and interesting.”—ZLasnce?.

Text-Book of Electricity.
THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By
HeNry M. Noap, Ph.D., F.R.S., F.C.S. New Edition, care-
fully Revised. With an Introduction and Additional Chapters
by W. H. PREECE, M.I.C.E., Vice-President of the Society of
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo,
12s. 6d. cloth.
4 A reflex of the existing state of Electrical Sci dapted for stud L
W. H. Preece, Esq., vide *“ Introduction.”
““We can recommend Dr. Noad’s book for clear style, great range of subject, a
good index, and a plethora of woodcuts. Such collections as the present are indis-

pensable.”—Athenecum. .

“ An admirable text-book for every student—beginner or advanced —of electricity.”
—Engineering.

““ Recommended to students as one of the best text-books on the subject that they
canhave, Mr.Preece appears to have introduced all the newest inventions in the shape
of telegraphic, telephonic, and electric-lighting apparatus.”— Ewmglish Mechanic,

““The work contains everything that the student can require,”—Academy.

“ One of the best and most useful compendiums of any branch of science in our

literature.”—/7ox.
“Under the editorial hand of Mr. Preece the late Dr. Noad’s text-book of elec-

tricity has grown into an adn:i:able handbook.”—Westminster Review.
Carriage Building, &e.
COACH BUILDING : a Practical Treatise, Historical and
Descriptive, containing full information of the various Trades and
Processes involved, with Hints on the proper Keeping of Carriages,
&c. With 57 Illustrations. By JAMEs W. BURGESS. I12mo, 3s.
cloth boards. [ Fust published.

Geology and Genesis.
THE TWIN RECORDS OF CREATION ; or, Geology and
Genesis, their Perfect Harmony and Wonderful Concord. By
GEORGE W. VICTOR LE VAUX. Fcap. 8vo, 5s. cloth.
‘“ A valuable contribution to the evidences of revelation, and disp ve! 1
sively of the arguments of those who would set God’s Works against Go?'s Word,
No real difficulty is shirked, and no sophistry is left unexposed.”—7%e Rack.
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Science and Scripture.

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT; being a Series of Essays on—I,
Alleged Discrelg::tcies; 2. The Theory of the Geologists and
Figure of the h ; 3. The Mosaic Cosmogony ; 4. Miracles in -
general—Views of Hume and Powell ; 5. The Miracle of Joshua—

Views of Dr. Colenso: The Supernaturally Impossible ; 6. The

Age of the Fixed Stars, &c. By Prof. J.R. YOUNG. Fcap. 5s. cL. -

Geology.
A CLASS-BOOK OF GEOLOGY: Consisting of ‘¢ Physical
Geology,” which sets forth the Leading Principles of the Science ;
and ‘“Historical Geology,” which treats of the Mineral and Organic
Conditions of the Earth at each successive epoch, especial reference
being made to the British Series of Rocks. By RALPH TATE.
With more than 250 Illustrations. Fcap. 8vo, 5s. cloth.

Practical Philosophy.

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev.
JoHN CARR, M. A, late Fellow of Trin. Coll., Camb. 18mo, 5s. cl.

Mollusca.
A MANUAL OF THE MOLLUSCA ; being a Treatise on
Recent and Fossil Shells. By Dr. S. P. WoopwaRrD, A.L.S.
With Appendix by RALPH TATE, A.L.S., F.G.S. With numer-
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7s. 64. cloth,

Clocks, Watches, and Bells.
RUDIMENTARY TREATISE on CLOCKS, and WATCHES,
and BELLS. By Sir EDMUND BECKETT, Bart. (late E. B.
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en-
larged. Limpcloth (No. 67, Weale’s Series), 4. 64.; clothbds. 5s. 6.
““Asa mulat and practical treatise it is unapproached.”—English Mechanic.
“‘The best work on the subject probably extant. The treatise on bells is un-
doubtedly the best in the language. "— Engineering.
‘‘The only modern treatise on clocl':-making."—Hamlagzml Fournal,
Grammar of Colouring.
A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By GEORGE FIELD. New edition, en-
larged. By ELLis A. DAVIDSON. With new Coloured Diagrams
and Engravings. 12mo, 3s. 64. cloth.
N ‘:l'he book is a most useful résumé of the properties of pigments.”—Builder.
Piuctures and Painters.

THE PICTURE AMATEUR'S HANDBOOK AND DIC-
TIONARY OF PAINTERS : A Guide for Visitors to Picture
Galleries, and for Art-Students, including methods of Painting,
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting,
Copyistsand Imitators. By PHILIPPE DARYL, B.A. Cr.8vo,3s.64.cl.

Woods and Marbles (Imitation of ).

SCHOOL OF PAINTING FQR THE IMITATION OF
WOODS AND MARBLES, as Taught and Practised by A. R.
and P. VAN DER BURG, Directors of the Rotterdam Painting
Institution. Illustrated with 24 full-size Coloured Plates; also
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12+, 64. bound.
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Delamotte's Works on Illumination & A Iphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the

use of Beginners: with a Rudimentary Treatise on the Art, Prac-

tical Directions for its Exercise, and numerous Examples taken

from Illuminated MSS., printed in Gold and Colours. By F, DELA-
MOTTE. Small 4to, 9s. Elegantly bound, cloth antique.

¢ The les of ancient MSS. ded to the stud which, with much

good sense, the author chooses from collections accessible to all, are selected with

Judgment and knowledge, as well as taste.”—A thenzunt.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIZEVAL ;
from the Eighth Century, with Numerals ; including Gothic,
Church-Text, German, Italian, Arabesque, Initials, Monograms,
Crosses, &c. Collected and engraved by F, DELAMOTTE, and
printed in Colours, New and Cheaper Edition. Royal 8vo,
oblong, 2s. 64. ornamental boards.

¢“ For those who insert enamelled sentences round gilded chalices, who blazon shop
legends over shop-doors, who letter church walls with pithy sentences from the

Decalogue, this book will be useful.”—A thenaum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA.-
MENTAL ; including German, Old English, Saxon, Italic, Per-
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan,
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and
engraved by F. DELAMOTTE, and printed in Colours. New and
Cheaper Edition. Royal 8vo, oblong, 2s. 64. ornamental boards.

¢ There is comprised in it every possible shape into which the letters of the alphabet
and numerals can be formed.”—Standard.

MEDIZVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. DELAMOTTE. Containing 21 Plates, and
Illuminated Title, printed in Gold and Colours, With an Intio-
duction by J. WILLIS BROOKS. Small 4to, 6s. cloth gilt.

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials,
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias-
tical Devices, Medizval and Modern Alphabets, and National
Emblems. Collected and engraved by F. DELAMOTTE, and
printed in Colours, Oblong royal 8vo, 1. 64. in ornamental boards.

Wood-Carving.
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with
Hints on Design. ]'Bly A Lapy. In emblematic wrapper, hand-
somely printed, with Ten large Plates, 2s5. 6d.

‘“ The handicraft of the wood-carver, so well as a book can impart it, may be learnt
from ¢ A Lady’s’ publication.”—A#A

Popular Work on Painting.
PAINTING POPULARLY EXPLAINED; with Historical
Sketches of the Progress of the Art. By THOMAS JOHN GULLICK,
Painter, and JoHN Timss, F.S.A. Fourth Edition, revised and
enlarged. With Frontispiece and Vignette. In small 8vo, 6s. cloth,
** This Work has been adopted as a Prise-book in the Schools of
CArt at South Kensington,

* Contamns of origi 3 bl »—Builder.
“ l::ch m;m::;.gﬁ?teve:zy‘mc:i:a :I‘:: mm:'ycgzmuite‘:o be taught,
from the careful perusal of this unp ding but comprehensi ise,”—Art Fournal.
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Youatt and Burw's Complete Grazier.

THE COMPLETE GRAZIER, and FARMER'’S and CATTLE-
BREEDER’S ASSISTANT. A Compendium of Husbandry.
By WiLLiaM YouarTt, EsqQ., V.S. 12th Edition, very con-
siderably enlarged, and brought up to the present requirements of
agricultural practice. By ROBERT SCOTT BURN. One large 8vo.
volume, 860 pp. with 244 Illustrations. 1/ Is. half-bound.

‘¢ The standard and text-book, with the farmer and grazier.”—Farmer’s Maguasine.

‘A treatise which will remain a standard work on the subject as long as British
agriculture endures.”—Mark Lane E xpress.

History, Structure, and Diseases of Sheep.
SHEEP ; THE HISTORY, STRUCTURE, ECONOMY,
AND DISEASES OF. By W. C. SPooNER, M.R.V.C., &c.
Fourth Edition, with fine engravings, including specimens of New
and Improved Breeds. 366 pp., 4. cloth.

Production of Meat.

MEAT PRODUCTION. A Manual for Producers, Distributors,
and Consumers of Butchers’ Meat. Being a treatise on means of
increasing its Home Production. Also comprehensively treating
of the Breeding, Rearing, Fattening, and Slaughtering of Meat-
yielding Live Stock ; Indications of the Quality ; Means for Pre-
serving, Curing, and Cooking of the Meat, etc. By JoHN EWART.
Numerous Illustrations. Cr. 8vo, 5s. cloth.

‘“A compact and handy volume on the meat question, which deserves serious and
thoughtful ideration atthe p time,”"—Meat and Provision Trades Review.

Donaldson and Burn's Suburban Farming.
SUBURBAN FARMING. A Treatise on the Laying Out and
Cultivation of Farms adapted to the produce of Milk, Butter and
Cheese, Eggs, Poultry, and Pigs. By the late Professor JoHN
DoNALDSON. With considerable Additions, Illustrating the more
Modern Practice, by R. ScorT BURN, With Illustrations. Second
Edition. 12mo, 4s. cloth boards.

Modern Farming.

OUTLINES OF MODERN FARMING. By R. ScoTT BUrN.
Soils, Manures, and Crops—Farming and Farming Economy—
Cattle, Sheep, and Horses—Management of the Dairy, Pigs, and
Poultry —Utilisation of Town Sewage, Irrigation, &c. New Edition.
In 1 vol. 1250 pp., half-bound. profusely illustrated, 12s.
“‘There is sufficient stated within the limits of this treatise to prevent a farmer
from going far wrong in any of his operations.”—Qbserver.
Amateur Farming.

THE LESSONS of MY FARM : a Book for Amateur Agricul-
turists, bem# an Introduction to Farm Practice, in the Culture of
Crops, the Feeding of Cattle, Management of the Dairy, Poultry,
Pigs, &c. By R. Scort BurN. With numerous Illus. Fcp. 6s. cl.
‘A complete introduction to the whole round of farming practice.”—FoAn Bu//.
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The Management of Estates.
LANDED ESTATES MANAGEMENT : Treating of the
Varieties of Lands, Methods of Farming, the Setting-out of Farms,
Construction of Roads and Farm Buildings, of Waste or Un-
productive Lands, Irrigation, Drainage, &c. By R. ScoTT BURN.
AS(-:ccn:d Edgtion. e}llzmo, ;?,.r.’clotlfl.th q
‘A complete and comprehensive outline of the duties a ini
ment of la.:fded estates.” ’iyoumal of Forestry. ppertaining to the manage-
The Management of Farms.
OUTLINES OF FARM MANAGEMENT, and the Organiza-
tion of Farm Labour. Treating of the General Work of the Farm,
Field, and Live Stock, Details of Contract Work, Specialties of
Labour, Economical Management of the Farmhouse and Cottage,
Domestic Animals, &. By ROBERT SCOTT BURN. 12mo, 3.

Management of Estates and Farms.
LANDED ESTATES AND FARM MANAGEMENT. By
R. Scort BURN, Author of ¢ Outlines of Modern Farming,”
Editor of ¢‘The Complete Grazier,” &c. With Illustrations.
Consisting of the above Two Works in One vol., 6s. half-bound.

English Agriculture.

THE FIELDS OF GREAT BRITAIN. A Text-book of
Agriculture, adapted to the Syllabus of the Science and Art
Department. For Elementary and Advanced Students. By
HucH CLEMENTS (Board of Trade). With an Introduction by
H. KAINS-JACKSON. 18mo, 2s. 6d. cloth. J_?mt blished,

¢ A clearly written description of the ordinary routine of English farm-life.”—ZLand.

¢ A carefully written text-book of Agriculture.”—Azkeneun.

“ A most comprehensive volume, giving a mass of information.”—Agricultural

Kitchen Gardening. Leomomist.
KITCHEN GARDENING MADE EASY. Showing how to
prepare and lay out the ground, the best means of cultivating every
known Vegetable and Herb, etc. By GEORGE M. F. GLENNY.
12mo, 2s. cloth boards.

Culture of Fruit Trees.
FRUIT TREES, the Scientific and Profitable Culture of. From
the French of Du BREUIL, revised by GEO, GLENNY. 12mo, 4s.

Good Gardening.
A PLAIN GUIDE TO GOOD GARDENING; or, How to
Grow Vegetables, Fruits, and Flowers. With Practical Notes on
Soils, Manures, Seeds, Planting, Laying-out of Gardens and
Grounds, &c. By S. Woop. Third Edition. Cr. 8vo, §s. cloth.

*“ A very 500d book, and one to be highly recommended as a practical guide.

‘The practical directions are ex.cellent."—A thenaums.

Gainful Gardening.
MULTUM-IN-PARVO GARDENING; or, How to make One
Acre of Land produce £620 a year, by the Cultivation of Fruits
and Vegetables ; also, How to Grow Flowers in Three Glass
Houses, soas torealise £176 per annum clear Profit. By SAMUEL
Woob. 3rd Edition, revised. Cr. 8vo, 2s. cloth,

“ We are bound to recommend it as not only suited to the ocase of the amateur and
1 ’s gardener, but to the market grower,"—Carderer’s dMagasine.
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Gavdening for Ladies.
THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN,
and Amateur’s Complete Guide. By SAMUEL Woobp. Author
of ‘“Good Gardening,” &c. With Illustrations. Crown 8vo,
) 3s. 6d. cloth. [Fust published.
Bulb Culture.

THE BULB GARDEN, or, How to Cultivate Bulbous and
Tuberous-rooted Flowering Plants to Perfection. A Manual
adapted for both the Professional and Amateur Gardener. By
SAMUEL WooD, Author of ‘“Good Gardening,” etc. With
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3s. 64. cloth.

Tree Planting.

THE TREE PLANTER AND PLANT PROPAGATOR:
Being a Practical Manual on the Propagation of Forest Trees,
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c.
Numerous Illustrations. By SAMUEL WooD. I12mo, 2s. 64. cloth.
Tree Pruning.

THE TREE PRUNER: Being a Practical Manual on the
Pruning of Fruit Trees. Including also their Training and Renova-
tion, also treating of the Pruning of Shrubs, Climbers, and Flower-
ing Plants, By SAMUEL WooD. 12mo, 2s. 64. cloth.

Tree Planting, Pruning, & Plant Propagation.
THE TREE PLANTER, PROPAGATOR, AND PRUNER.
By SAMUEL Woob, Author of ¢ Good Gardening,” &c. Consisting
of the above Two Works in One Vol., 5s. half-bound.

Potato Culture.

POTATOES, HOW TO GROW AND SHOW THEM: A
Practical Guide to the Cultivation and General Treatment of the
Potato. By JaAMEs PINK. With Illustrations. Cr. 8vo, 2s. cl.

Hudson's Tables for Land Valuers.

THE LAND VALUER'S BEST ASSISTANT : being Tables,
on a very much improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provinciak
Customary Acres to Statute Measure, &c. By R. Hupson, C.E,
New Edition, royal 32mo, leather, gilt edges, elastic band, 4s.

Ewart's Land Improver's Pocket-Book.

THE LAND IMPROVER’S POCKET-BOOK OF FOR-
MULZ, TABLES, and MEMORANDA, required in any Com-
putation relating to the Permanent Improvement of Landed Pro-
perty. By JoHN EWART, Land Surveyor and Agricultural Engineer.
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4s.

Complete Agricultural Surveyor's Pocket-Book.
THE LAND VALUER’S AND LAND IMPROVER’S COM-
PLETE POCKET-BOOK ; consisting of the above two works
bound together, leather, E'lt edges, with strap, 7s. 6.

““We consider Hudson’s book to be the best ready-reckoner on matters relating to
the valuation of land ard crops we have ever seen, and its combination with Eir.

Ewart’s work ﬁrently enhances the value and usefulness of the latter-mentioned .
- It is most useful as a manual for reference.”—Nortk of England Farmer.
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‘A Complete Epitome of the Laws of this Country.’
EVERY MAN’'S OWN LAWYER ; a Handy-Book of the Prin-
ciples of Law and Equity. By A BARRISTER. New Edition,
much enlarged. Corrected to the end of last Session. With
Notes and References to the Authorities. Crown 8vo, cloth,
price, 6s. 84. (saved at every consultation).

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS,
MERCANTILE AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW,
COUNTY COURT LAW, GAME AND FISHERY LAWS, POOR MEN’S
LAW, THE LAWS OF .

BANKRUPTCY—BILLS OF EXCHANGE— | SETTLEMENTS — STOCK EXCHANGE PRAC-

CONTRACTS, AND AGREEMENTS—CoOPY-
RiIGHT—DOwWER AND Divorce—ELEc-
TIONS AND REGISTRATION—INSURANCE
—LiBEL AND SLANDER—MORTGAGES—

Also Law for Landlord and Tenant—
Master and Servant—Workmen and Ap-
prentices—Heirs, Devisees, and Lega-

tees — Husband and Wife — Executors
and Trustees — Guardian and Ward —
Married Women and Inf: Partners

TICE—TRADE MARKS AND PATENTS—
TRrespass, NUISANCES, ETC.—TRANSFER
oF LAND, BTC.— WARRANTY— WILLS
AND AGREEMENTS, ETC.

| —Friendly Societies—ClI Church-
wardens—Medical Practitioners, &c. —
Bankers — Farmers — Contractors—Stock
and Share Brokers—Sportsmen and Game-
l;ecpgrs—Farri::rs u:d Horss-l)‘alers—

and Agents — Lender and Borrower —

&c.— Pawnbrokers — Surveyors — Rail-

Debtor and  Creditor — Purchaser and | ways and Carriers, &c., &c.

Vendor — Comp and Association

‘* No Englishman ought to be without this book.”—ZEngineer.

“ What it prof to be—a | pi of thelaws of this country, thoroughly
intelligible to non-professional readers. The book is a handy one to have in readiness
when some knotty point requires ready solution.”"—2Bell’s Life.

‘A useful and concise epitome of the law.”—Law Magazine.
Auwuctioneer’s Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT, AND VALUER’S POCKET AS-
SISTANT, for the Valuation for Purchase, Sale, or Renewal of
Leases, Annuities, and Reversions, and of property generally ;
with Prices for Inventories, &c. By JOHN WHEELER, Valuer, &c.
Fourth Edition, enlarged, by C. NorRr1s. Royal 32mo, cloth, 5s.
“ A concise book of reference, containing a clearly-arranged list of prices for
inventories, a practical guide to determine the value of furniture, &c.”—Standard.
Auwuctioneering. '
AUCTIONEERS : THEIR DUTIES AND LIABILITIES.
By ROBERT SQUIBBS, Auctioneer. Demy 8vo, 10s. 6d. cloth.
House Property.
HANDBOOK OF HOUSE PROPERTY : a Popular and Prac-

tical Guide to the Purchase, Mo e, Tenancy, and Compulsory
Sale of Houses and Land ; including the Law of Dilapidations and (

| U —

Fixtures, &c. By E. L. TARBUCK. 2nd Edit. 12mo, 3s. 6d. cloth.
¢“We are glad to be able tor d #.”—Builder.
““ The advice is thoroughly practical.”—Law Fournal.

Metropolitan Rating.
METROPOLITAN RATING: a Summary of the Appeals |
heard before the Court of General Assessment Sessions at West- ‘
minster, in the years 1871-80 inclusive. Containing a large mass |
of very valuable information with respect to the Rating of Rail-
ways, Gas and Waterworks, Tramways, Wharves, Public Houses,
&c. By EDWARD and A. L. RYDE. 8vo, 12s. 6d. [Fust published.

/¢  Bdvury, Agnew, & Co., Printers, Whitetriars, London.
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