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PREFACE.

THIS little work is undertaken because it is believed
that no treatise on the construction of organs, at
once short, practical, and accessible by all classes
of readers, is extant.

The bulky volume of Hopkins and Rimbault,
worthy as it is of all commendation, and abounding
with matter interesting to the musician, does not
profess to enter into details essential to the work-
man. The same remark may be applied to sundry
treatises in the form of articles contributed to
Encyclopadias, or to periodicals of a popular kind.
The writers of these articles, probably fully masters
of the subject, cannot, from the very nature of the
case, command the time, space, and amplitude of
illustration absolutely necessary for the full eluci-
dation of the mechanical processes involved in the
construction of the most elaborate and ingenious
of all musical instruments.

Readers of the French language, indeed, may
find all that they require in a most admirable
and exhaustive work, the “ Facteur d’Orgues,” by
M. Hamel, forming one of the series of the
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‘“Manuels-Roret,” published in 1849 by Roret of
Paris, in three volumes, with an atlas of plates.
The author of this complete exposition of the
organ-builder’s art has taken for the foundation of
his book the great work of Dom Bedos, a Bene-
dictine monk, who printed in 1766-—78, at Paris, two
sumptuous folio volumes, with plates, which leave
unnoticed nothing which was known or practised
by the workmen of his period. The modern editor,
however, who displays a most intimate knowledge
of his subject, together with an enviable power of
explaining it in all its minutest details, aided, as
he is, by the most accurate of all European
languages, has produced in his third volume a
manual of the art of organ-building in recent
times, which covers the whole field of investiga-
-tion, and of which it is not too much to say that it
can never be surpassed.

A somewhat indifferent translation of a German
treatise on the “ Organ and its Construction,” by
Herr Seidel, of Breslau, appeared some years ago.
But this work, like the English publication first
noticed, is not for the dwellers in workshops, but
for organists, choir-masters, clergymen, and others
entrusted with the care of existing organs, or likely
to be concerned in the erection of new ones.

The writer has lately perused, with much pleasure
and advantage, a tract of about forty pages on
“QOrgan Voicing and Tuning,” published for the
author (evidently a practical operator). He can
warmly recommend this unpretending introduction
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to the highest branch of the art, so seldom mastered
save by those who have had the advantage of early
and assiduous practice under skilled guidance.
But it deals, of course, with that highest branch
only, and assumes previous knowledge of mecha-
nical construction. ,

He himself, several years ago, contributed a
short series of articles on the construction of small
organs to a periodical publication now extinct.
The letters which he received from working men,
urging him to treat the subject in greater detail,
furnished a striking proof of the extent to which
the leisure hours of many artisans are devoted to
the production of an organ in some one of its
innumerable forms, from the toy with two or three
stops to the complete instrument with as many
rows of keys. Such inquirers will not be satis-
fied, he fears, by the narratives of “ How we made
our First Organ,” and the like, in well-meant
and otherwise well-written books for boys. The °
real difficulties of organ-building (and they are
numerous) are simply evaded in some recent
books of this kind, which convey the irresistible
impression that their authors are not themselves
handlers of the plane and chisel. The true work-
man knows full well that the very simplest of
organs cannot be put together in a few weeks, out
of school-hours, and side by side with other under-
takings.

If the present work, in which the writer -de-
scribes the results of his own experience, and lays
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down no rules which he has not reduced to practice
in his own workshop, should have the effect of
deterring ingenious boys from attempting their
“First Organ” until the possession of a large
stock of patience, as well as the command of
leisure, and of means moderately adequate for the
purchase of good materials, are abundantly and
unmistakably assured to them, the author, once a
plodding and untiring boy-workman himself, will
have reason to be satisfied that his efforts to ex-
plain a complicated and intricate structure have
not been entirely fruitless.

PREFACE TO THE SECOND EDITION.

SINCE the publication of this work, the author has
had reason to believe that some hints as to the
design and erection of small organs in country
churches may be acceptable to readers who occupy
the position, not of constructors, but of purchasers.
He trusts that the chapter now added, “ On Village
Church Organs,” will be found to contain the
desired information.
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ORGAN-BUILDING.

CHAPTER 1.
PLANT AND MATERIALS.

WE shall assume at once, and at the very outset,
that our reader has the fixed purpose of producing
an organ which shall be creditable to its builder, a
- source of pleasure to its players and their hearers,
and an ornament to the room or building in which
it is erected: in short, that he remembers the
excellent maxim, “whatever is worth doing at all,
is worth doing well,” and will not be content with
rough workmanship, inferior materials, and inhar-
monious results.

Assuming this as the basis and principle of all
our suggestions, we shall nevertheless bear in mind
the necessity of adapting our rules to the conditions
imposed by slender purses, and the imperfect ap-
pliances of humble workshops. Without attempting
to quote the actual market prices of the wood,
leather, and metal required, or of those important
parts of the instrument which in most cases will be
purchased ready-made, we shall endeavour to show

B




2 ORGAN-BUILDING.

how economy may be consulted by obtaining all
these gradually, as our work advances with that
inevitably slow progress which attends all pro-
ceedings in which most haste is found to be worse
speed.

We shall buy nothing which we can make for
ourselves. The common sense of our readers may
be trusted not to press the application of this rule
to a 7zeductio ad absurdum. As we shall certainly
buy, and not make, our screws and nails, so in the
course of the. following pages we may possibly
recommend the buying of certain parts of the work,
in full remembrance of our rule. But even in these
occasional instances we shall probably point out
how expenditure may be saved by patient industry.
We need not anticipate. Our readers will see for
themselves what we mean as we go on.

Our task will be somewhat simplified if we sup-
pose that an organ is desired for a room of moderate
'size. Such an instrument will commonly have one
manual, or row of keys, with four or five stops, or
sets of pipes. Pedals, with or without pipes of their
own of deep bass quality, must be considered
essential in every organ making any pretension to
completeness, or intended to afford useful practice
“for learners. Taking this as a rough outline or
sketch of probable plans, it will be easy to see here-
after how they may be indefinitely extended.

Our organ factory, then (with some such plan in
our head), must be a roomy, well-lighted, perfectly
dry workshop, furnished with a fire-place or stove
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for the glue-pot, with drawers or cupboards for
storing away skins of leather and other materials
not in constant requirement, and with shelves on
which pipes may be stowed without danger of
rolling off. It must not be a mere shed or hovel in.
which we might mend the cart or the wheel-barrow,
and it should not be far from our dwelling-house,
if we are likely to work at our serious undertaking
in the winter evenings.

The shop must be fitted with a full-sized bench
in good condition, that is to say, with its top dressed
truly, and not hacked by rough usage; and good
workmanship will be much promoted if the usual
appliances of such a bench are of the best kind and
in complete order. True planing, so vitally essen-
tial in organ-building, cannot be done upon a crazy
or worn-out bench. The bench should stand near
a window, and it should be so placed that boards
much longer than itself may be occasionally dressed
upon it by temporary arrangements.

The tools required are chiefly those which are
common to every joiner’s shop ; notably and of first
importance the three planes, the jack, the jointer or
trying plane, and the little smoothing plane. This
last may now be bought in a very handy form,
entirely of iron, and fitted with a clever adjustment
by which the cutter can be set to any degree of
fineness. This little plane (an American invention)
is invaluable for many purposes involving extreme
neatness and accuracy. The planes must at all
times be kept in first-rate order, and any defect

B2



4 ORGAN-BUILDING.

which makes its appearance must be instantly
rectified by a careful use of the oil stone. This
latter, let us mention by the way, as we may have
youthful and inexperienced readers, should be
levelled occasionally by being rubbed on a flat
slab with sand and water. - The plane is emphati-
cally ke tool of the organ-builder, and no pains
should be considered too great to be bestowed on
the care of these beautiful tools, or on the attain-
ment of dexterity in the use of them.

The usual saws, the ripping saw, the panel saw,
the dovetail, the key-hole or pad saw, will be
required; and we may take this opportunity of
remarking that as the organ-builder must have a
strong dash of the smith as well as of the joiner in
his composition, his shop must have a stout vice
fixed in a convenient part of it, and a few good
files always available for brass or for iron. (The
reader is doubtless aware that the same file must
not be used for both these metals.) Drills for
metal, some of them of small clockmaker’s sizes
with a bow and breast-plate for working them,
will belong to this department, which will also
include a screw-plate for tapping wires of various
sizes from one-eighth of an inch downwards, and
cutting pliers or nippers for dividing the wire.

The tool-chest must contain a thoroughly good
- brace and bits; and among the last should be
some one of the various forms of adjustable centre-
bits for cutting large circular holes of graduated
dimensions up to 3 inches diameter.
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In connection with this it may here be mentioned
that most of the holes bored with the brace and
bits (though not the huge holes just referred to),
will be scorched ot charred with a red-hot iron,
in order to clear them of splinters, and allow a
perfectly free passage for the air which will pass
through them. A few pieces of iron rod, of sizes
suitable for this purpose, will therefore be required.
"Many of these holes will be also countersunk, that
is, rendered conical at their extremity, in order to
receive the conical feet of the pipes which receive
from these conduits their supply of wind. . This
countersunk portion is also scorched or charred,
and two or three conical irons will be wanted for
this purpose. But we have not yet come to this.
When we are ready for these irons, we can have
them made by any blacksmith, or we may have
put aside some stout morsels of old iron from
which we ourselves may contrive to fashion
them.

An important question must next be asked.

Is a turning-lathe absolutely necessary as part
of the plant of our factory? We must answer this.
We should be sorry to deny that a small organ
certainly can be and may be built without the aid
of a lathe. 'We know that it has been done. But
it is equally undeniable that the absence of a lathe,
or of access to a lathe, will necessitate the pur-
chase of certain parts (wooden pipe-feet for
instance, and rack-pins), at an outlay which will
bear an appreciable proportion to the first cost of
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a simple and inexpensive machine. Pressed, then,
to say if our workshop must include a lathe, we
are bound to reply in the affirmative, explaining,
in the same breath, that all the purposes of the
young organ-builder will be answered by a lathe
of humble character and trifling cost. We our-
selves, during several years of early beginnings,
used a small clockmaker’s lathe by Fenn, of New-
gate Street, just capable of admitting between its
centres the little billet of wood ready for shaping
as a pipe-foot, that is to say, about 7 inches
in length, and from 2 inches down to half an
inch in diameter. We still possess this little lathe,
and still sometimes use it for small work. Some
such simple lathe, or some lathe still simpler,
being voted as necessary, the usual turning-chisels
and gouges will of course accompany it, and we
shall assume that our readers possess a sufficient
acquaintance with the wood-turner’s art to require
no hints from us on the subject other than thgse
which we shall give in regular course as we
proceed. If they are fortunate enough to possess
a superior lathe, with slide-rest and slow motion
for turning iron and brass, they will find the
machine most conducive to good and durable
workmanship, and we shall not hesitate to point
out, as we go on, how materially it will assist us
in giving strength, firmness, and finish, to various
parts of our work.

We have furnished, then, our workshop, or
rather, let us say, we see it in our “mind’s eye ”
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furnished as we should wish it to be. And now we
may lay in our stock of wood.

Several boards of half-inch pine, perfectly dry
and sound, without knots; these are of first neces-
sity. Such boards are generally about 12 feet in
length and from 12 to 15 or even 20 or more inches
in breadth. If a little stock can be laid in of such
boards when an opportunity occurs of obtaining
exceptionally clean stuff, it will be well to have them
by us. A board or two of three-quarters stuff, and
a board of inch stuff, all sound and clean pine, must
be provided.

And here we may pause for a moment.

We intend to begin our organ by making a set
of wooden pipes. Hence we need not provide
ourselves with more timber for the present than
we shall need for this first operation. But as in
our imaginary furnishing of the workshop, we
included several or many things which belong
rather to future than to immediate use, so we may
here place the reader in a position to form some
idea of the further expense to which he will be put
for the purchase of timber for his proposed small
organ of four or five stops. The pine boards just
enumerated will give us our first set of pipes; but
when these are ready, we shall require some rather
costly wood for the sound-board. This should be
Honduras mahogany, often called “Bay wood,”
and of three thicknesses, say, three-quarters stuff
for the table of the sound-board ;* a full inch, or,

¢ All these expressions will, of course, be explained hereafter.
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still better, five-quarters, for the upper boards; and
some very thin stuff, three-eighths or less, known
as “coach-panel,” for the sliders. The quantities,
or number of square feet, of these mahogany boards
will be determined by considerations discussed in
a subsequent chapter. The wood must be care-
fully selected, for the grain of it is often tortuous
and unkindly for the plane; it must be, like the
pine, free from large knots, flaws, and cracks ; and
the completeness of its seasoning should be quite
unquestionable and beyond the reach of suspicion.
It is not unreasonable to assume that the reader,-
who has contemplated for some time the building
of an organ, has already by him some materials
which he knows will be necessary; for instance,
some boards of sound white deal for the frame-
work, and perhaps for the bellows; and some
scantlings of red deal, or pitch pine, or oak, or
mahogany, or red cedar, for the blocks and
stoppers of pipes. He will not need the aid of
this book to be aware that old materials may
sometimes be turned to excellent account in such
a business as that upon which he is embarking.
We have known the purchase (for a pound or two)
of an old square pianoforte turn out a profitable
investment. Its mahogany top was solid, not
veneered ; and the thin boards found in its interior
dry as touch-wood, and perhaps one hundred years
old, were made into pipes of charming sweetness.
The old organs before the days of mahogany
were made chiefly of oak, often called “ wainscot.”
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We ourselves have made much use of this durable
and trustworthy material, which may be obtained
in the convenient form known as ¢ coopers’ staves,”
being planks about 6 feet in length, as many
inches in width, and 2 or 3 inches thick. They
may be divided, at any saw-pit or saw-mill, into
boards of the desired thinness, and they work’
pleasantly under thoroughly sharp tools.

And now we may set to work upon our set of
wood pipes.

B3




CHAPTER 1II
THE STOPPED DIAPASON.

WHY do we begin by niaking a set of wooden
pipes?

For two reasons. First, because they will afford
a trial of patience, and involve a great deal of good
joinery. Second, because until they are made, or,
‘at any rate, until we know their precise dimensions,
we cannot plot out with accuracy the very impor-
tant sound-board, which is to carry them and the
other pipes which are to follow. Either of these
reasons is, to our mind, sufficient, apart from the
other; and we strongly recommend the young
beginner to set himself resolutely to the manufac-
ture of the complete set of wooden pipes belonging
to the commonest of all organ-stops, the Stopped
Diapason, before taking any step in the direction of
the machinery or apparatus which is to waken
them into harmonious vibrations.

Our explanations will be much assisted here if
we introduce a few definitions of terms in constant
use. The pipes which we are about to make will
give notes, when tuned, which are familiarly
designated by certain names. Thus, the lowest
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note on the manual or key-board of modern organs
.is called Double C (printed CC). The note one
octave above this is Zenor C ; the octave of Tenor
C is Middle C; and above this, again, we have
Treble C (often called Foot C) and C 1 Alfo. Some
of the other notes of the scale, in a similar way,
have convenient names. Thus, the first F in the
bass is Double F, or FF ; the next F, the F of the
Tenor octave, is often called Clf F, as the Bass, or
F Clef, stands upon this line in music; its sharp is
FF sharp; but then we come at once to a single G,
and this note is often called Gamut G. The octave
above this note is called Fidd/e G, as it sounds the
same note as the fourth string of the violin. The
note B, we may add, throughout the organ, is
understood to mean B flaf; the semitone above
-this is indicated by the musical symbol the Na-
tural (§).

We have not quite done with this. There is
another way of referring to pipes, and to complete
sets of pipes, which is in familiar use, and is part
of the mother-tongue of the organ-builder. We
have said that Treble C is often called Fvoz C.
This is because the ordinary open pipe of that note
(speaking now quite inexactly, and without pre-
cision), is 1 foot in length. In a similar way,
CC is 8-foot C, or the 8-foot note, because the open
pipe is 8 feet in length, speaking roundly or
roughly. Tenor C is 4-/o0z C ; Middle C, 2-foo? C.

It will be easily understood that these convenient
designations are retained, even though the construc-
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tion of the pipes may render them strictly inapplic-.
able. Thus, the lowest note of our first stop will
still be 8-foot C, though, as we shall soon see, the
stopping of the wooden tube enables us to reduce
the actual length by one-half. Our CC will still
be of 8-feet pitck, or lone, and by no means becomes
a 4-foot C, because its actual measurement, when
completed, will not exceed 4 feet in total length.

One step further. The theoretical length of the
lowest note is not only used to designate that note
and the pipes which belong to that note, but is
extended to the designation of the whole set of
pipes of which it is the lowest or longest. This
whole set of pipes is called familiarly a S#%p ; thus
we have at once the ready terms, 8-feet stops,
16-feet stops, 4-feet stops, 2-feet stops, &c.; and it
will be understood that by an 8-feet stop, we mean
a set of pipes yielding the common or ordinary
pitch of the pianoforte, or of the human voice;
while a 4-feet stop, when the very same keys are
pressed down, will yield notes one octave higher
than this ordinary or standard pitch; the 2-feet
stop, notes two octaves higher; the 16-feet stop,
notes one octave lower, or deeper. And if all
these four stops are played at the same time,
(tuning and other manipulations being now
assumed), an effect will be produced highly agree-.
able to the ear, and vastly superior to that which
would result from the mere multiplication of 8-feet
stops only.

Our little organ of five stops, when completed,
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will probably be described with correctness if it is
said to contain two 8-feet stops, two 4-feet stops,
and one 2-foot stop: a ready and conventional

way of speaking, we repeat yet once more, since-

the instrument will contain no open pipe 8 feet
in length, and since, of the 4-feet stops, one will
be only of 4-feet tone, or pitch, while even the
2-feet stop, for reasons which will be abundantly
made clear, may possibly have no 2-feet pipe.

Some pains have been taken to explain all this,
because we have met with young workmen whose
comprehension of such rudimentary matters was
far from complete, and who were misled by the
fanciful and wholly unimportant names engraved
upon the knobs which govern the stops, e.g.
“Flute,” “Dulciana,” &c. If we have any such
young beginners among our present readers, they
will see that the names are quite of secondary
concern, and that the essential thing is to have a
clear understanding of the pi&k of each stop, as
represented by the length of the pipe, acfwal or
verfual, corresponding to the lowest note of the
manual.

And now we proceed to our work. What we
have to do is to make fifty-four pipes, extending
from CC to F in alto, and of the form or sort known
in England as Stopped Diapason. One of these
pipes, let us suppose Tenor C, is shown in Fig. 1.
a is a block of mahogany or oak, or of some other
wood faced with mahogany or oak, and about 3
inches in length. It has a throat or deep depres-
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sion across it, formed by taking out the wood
between two saw-cuts, or by boring adjacent holes
with a centre-bit. & is a stopper, made of any
wood, the exact size of the block, or a trifle less,
"~ to allow for a leather

al | i@? — ztt)vte:ing, and fashioned
p into a knob, or

turned in the lathe, for

convenient handling by
5& ' the tuner. ¢ is the pipe
f

when put together by
e c gluing three “boards,
_&” namely, the back and
the two sides, to the
U block, and one, namely
—( _l the front board, to the
e r edges of the sides. This
fourth board is about
3 inches shorter than the
others, and has a lip
Fig. x. formed on its lower edge
by bevelling the wood with a sharp chisel. Jisa
_cap, 3 inches long, and as wide as the block with
the side boards attached; it is hollowed in a
wedge-shaped form as shown in the figure. ¢isa
foot, turned in the lathe, bored from end to end,
and 5 or 6 inches in length. f is the completed
pipe, with the stopper inserted, the cap put on, and
the foot in its place.
We have to make fifty-four such pipes, each of
the dimensions proper for the production of its
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own note, deep in the bass or shrill in the
treble.

It is quite clear that we must not work by “rule
of thumb,” but understand well what we are about
from the very first, if we do not wish to cut our wood
to waste and cover ourselves with mortification.

Begin thus. Take a sheet of stout paper, and on
it, with rule and compasses, draw a scale showing
all the requisite measurements.

Here we must be a little arbitrary, and lay down
the law without giving lengthy reasons for our
ruling. Stopped pipes are half the length of open
pipes yielding the same notes. Our CC pipe will
therefore be 4 feet long. The four C’s of the
ascending scale are the halves of each other.
Therefore Tenor C will be 2 feet, Middle C 1 foot,
Treble C 6 inches, and C in alto 3 inches, in length.
The word nearly, or about, must be understood as
prefixed in every case to our measurements. Ac-
cordingly, the lengths of all the pipes in the stop
will be easily obtained by drawing a vertical line
1 foot in length on the paper, and dividing it into
twelve equal parts. At the bottom, write Tenor C,
2 feet; at the top, Middle C, 1 foot, Then the
length of each of the eleven pipes intervening
between these extremes will be at once obtained by
easy measurement. By doubling these lengths we
shall obtain those of the bass, or 8-feet octave. By
halving them, those of the middle octave. By
dividing them by four, we get those of the treble
octave.
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Note well that these rough and approximate
lengths are speaking lengths of the wooden tubes,
or, in other words, of the column of air within them,
measured from the top of the block to the under
side of the stopper. Hence, in cutting out the
boards, the length of the block—about 3 inches, or
less in small pipes—must be added to three of them,
and an inch or more allowed to all four of them to
give good room for the stopper.

But we are not yet in a position to cut out the
boards.

It might be thought that as we get the lengths by
the easy arithmetical process described above, so
with equal ease shall we get the widths and depths
of the blocks. The pipes are not square, but are
deeper than they are wide, in the proportion of
about 5 to 4. It might be thought that if the block
of Tenor C be 2 inches wide and 24 inches deep,
then the block of Middle C will be 1 inch by
1} inches ; the block of Foot C } inch by £, and so
on. This is not so. These treble pipes would be
quite unreasonably small, and would give weak
and thin sounds, while the bass octave, com-
mencing with a block 4 inches by 5 inches, would
be needlessly large for a chamber organ. Without
wasting words upon a matter which is really very
simple, let us say at once that we shall adopt for our
Stopped Diapason a scale commencing with a CC
block 3} inches wide and 4 inches deep, and that
the block of Tenor C will be 2} inches wide and
2§ deep. Thus the half of the width and depth
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of the CC block will not be reached until the
eighteenth note above it, instead of the thirteenth,
and in the higher parts of the scale the diminution
in the sizes of the blocks may be yet more gradual.

&o.

Fig. 2.

A glance at Fig. 2 will enable our readers to
draw scales for themselves for the Stopped
Diapason, and for other wooden stops which may
follow it, from a few given data, and to suit cir-
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cumstances. A minute or Chinese accuracy is not
requisite. The vertical line of any convenient
length being drawn upon the paper, the width and
depth of the CC block are measured off upon a
horizontal line drawn at its lower extremity.
Eighteen divisions being marked upon the vertical
line, the half~-width and half-depth of the CC block
are measured upon another horizontal line drawn
at the eighteenth mark. These points being joined
by straight lines, and horizontal lines being drawn
at each of the marks parallel to the others, we shall
have the widths and depths of the blocks of all the
pipes from CC to Clef F inclusive, viz. eighteen
blocks. The next eighteen blocks will be sized in
a precisely similar manner, and as three times
eighteen is equal to fifty-four, the whole stop may
be divided into three sections of eighteen pipes in
each section, and it may be for our convenience to
make one section at a time.

There are two methods of working together the
block and the four boards which form the pipe.
We will give them both, and decide between them.

First method. Cut out the board for the back,
and dress it carefully to the exact width of the
block. Glue the block to the lower extremity, and
when the glue is dry dress up all perfectly flush.
Cut out the side boards as wide as the depth of the
block with the thickness of the back board added
to it. Glue them to the sidés of the block and to
the edges of the backboard, obtaining a perfectly
close joint by using wooden clamps and wedges
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as in gluing up a violin, or by other obvious con-
trivances. When the glue is dry dress up the
front edges flush with the block, and glue on the
front board, which will be cut out as wide as the
block together with the thicknesses of the side
boards. The front board must overlap the
upper edge of the block by about } inch or
more. If all this is carefully done according to the
‘rules of good joinery the result should be a neat
and strong pipe, truly rectangular at its upper or
open extremity. Brads or sprigs are not to be
thought of in pipe-making, unless, indeed, in the
very exceptional case of organs intended for tro-
pical climates.

Second method. Cut out first the two side
boards the width of the depth of the block, and
glue them to it. Dress the edges flush with the
b}ock, and glue on at once the back and front
boards, obtaining irreproachable joints as before,
and taking infinite care that the upper extremities
of the side boards do not approach each other. In
making our smaller pipes (say from Middle C
upwards), we are in the habit of straining whip-
cord or stout hempen string round them, winding
it first upon a loose pipe-foot or smooth tool-
handle to avoid cutting the hands; and we ensure
a correct aperture at the top by placing within it a
thin slice cut from the block itself, or by intro-
ducing the stopper if it has been already prepared
of the same size as the block. The notches made
by the string upon the edges of the soft pine-wood
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are easily removed when the finished pipe is
dressed over with a fine plane.

‘We have no difficulty in giving our decision in
favour of the second plan, which avoids the four
tedious dryings of the glue, and which admits
more readily of pressure being applied to the
freshly glued joints. But in making open pipes,
which have not to bear the driving-in of a stopper,
there is much to recommend the first method.

This point being settled, we may cut out the
side boards and prepare the blocks for one of our
divisions, let us say the middle section, from Clef F
sharp to the natural below Foot C. Blocks of this
moderate size will be best made by taking a piece
of wood of suitable character, long enough for six
or more, and by dressing it down as each block is
cut off, making careful and constant use of the
gauge, the square, and the callipers. We like to
form the throat with a centre-bit after the pipe is
put together. The thirty-six boards will be glued
to the eighteen blocks, and while the glue is drying
we can prepare the backs and fronts. The
bevelled lip of the latter will be left uncut until all
the pipes have been glued up and dressed over,
and the top edges nicely cleaned off and made
true. But as there will be, doubtless, a most
pardonable anxiety to hear the sound of one pipe,
we will here explain that the height of the mouth
of each pipe must be equal to one-third of its width ;
thus the mouth of the pipe measuring one inch
and a half across the block (A in our scale) will
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be } inch in height. In measuring the height of
the mouths, a pair of proportional compasses with
sliding centre, or common dividers set to thirds,
‘fourths, and fifths, will be useful if not necessary.
The slope of the bevel is not of great importance.
Cut it with a sharp chisel, taking care not to injure
the block, and leave the lower edge or lip rather
blunt. A sharp and pointed knife may be em-
" ployed in cutting the lip truly, guided by the
square. The use of fine glass-paper is permissible
here to smooth all these parts nicely.

The throat having been formed in the face of the
block, about 1 inch from its lower end, bore the
foot-hole in the bottom of the block clear into the
throat, beginning with a small borer, and enlarging
the hole cautiously, as rough and hasty proceedings
might split the block at this point, especially in
the case of small pipes.

Prepare the cap from a suitable bit of mahogany,
oak, or other close-grained wood, and hollow out
the back of it with a chisel as shown in 4, Fig. 1.
Form the flue or wind-way through which the
air is to pass to the lip by filing away the edge
left at the top of the wedge-shaped hollow,
trying your work by placing the cap against the
side of the pipe or any other flat surface. The
flue must not be wider than {4 inch at Tenor C,
and must be reduced as we ascend the scale until
it will hardly admit a slip of thin paper. It will
not be so much as } inch wide even at CC.

Perhaps the stopper has been already prepared
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of the same size as the block, and has been formed |
into a knob at top, or turned in the lathe, or, in the
case of the larger pipes, fitted with a turned handle
glued into a hole bored for its reception. Dress
off the angles of the stopper in order to allow room
for the soft white leather with which it is covered
to fold itself in the corners of the pipe. We gene-
rally rasp our stoppers, leaving them rough that
the leather may cling to the stopper and not to the
pipe. The leather cannot be too thin if it is soft,
and if the stopper fits closely. Rub the interior of
the top of the pipe with a bit of tallow-candle, and
introduce the stopper cautiously. It should slide
within the pipe at once easily and with accurate
fit, and if your joinery has been good there should
be no fear of splitting the pipe or of opening the
joints.

The cap when finally fitted will have its upper
edge about } inch below the upper edge of the
block. On applying it in this position, holding
it there with your fingers, or tying it on with
string, and blowing gently into the foot-hole,
you will have a pleasant fluty musical note.
Probably a little chirp or whistle will be heard
before the note comes on. The removal of this
defect belongs to the important operation called
vozcing, of which we shall treat hereafter.

‘We have cut our boards from the half-inch pine,

_ but as we rise in the scale much thinner stuff will
be used. It is well to foresee this in laying in our
materials. Red cedar, often used by cabinet-

—
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makers for the inside of drawers and wardrobes,
makes very pretty pipes, holds the glue well, and
has an agreeable odour in working. Harder
woods, notably oak, were often used by the old
builders. Pear-tree commends itself much in
German workshops.

The four or five lowest pipes (CC to EE, or
higher) should be of stouter stuff than half-inch,
say five-eighths or even three-quarters. The caps’
of these large pipes will not be glued on but fixed
with three screws, and we may modify a previous
remark by admitting that in the case of these
larger pipes the use of nails is legitimate.

Of the pipe-feet we shall speak when we come
to the business of planning the rack-
board with its holes for their recep- FW
tion.

We must not close this chapter
without giving some further explana-
tions on the subject of pipe-making.

Large pipes, both open and stopped, ||
may be advantageously made with , \ll
languids instead of blocks. Fig. 3 ,| 11
shows the section of a pipe so made.
The block is replaced by two pieces

|

|

]
of suitable wood, a g, let into the side E €
boards with plenty of glue. The glue !
should also be allowed to run freely m'

e 3¢

into the angles and corners of the
throat when the back board is fitted. Pipes made in
this way are a little lighter than those with blocks.
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The stoppers of the smaller pipes, say from
Fiddle G or Middle C to top, are often bored with
a hole passing clear through the wood and leather,
and burnt smooth with an iron. After what has
been said of the necessity of securing a good fit for
the stopper, it might be thought that this hole
would ruin the pipe. Curiously enough it is not
s0, but imparts a slight increase of fulness to the
tone. The holes must not be large, } inch at
Middle C will be sufficient. Note well that pipes
with perforated stoppers must be a trifle longer,
say 1 inch in 12, than those completely closed.
Thus the pipe for C sharp must be as long as the
fully stopped C pipe.

Wooden pipes are ‘also made with inverted

mouths, that is to say, the bevelled
i lip is formed on the inside instead of
on the outside of the front board. In
this case the bevel is cut and the
mouth measured and formed before
the pipe is put together, and the front
board will be of the same length as
a d the others, and will be glued like them
— to the block. The throat is cut
L1 through the board into the block, and
the cap will project beyond the level
of the board. All this is shown in
Fig. 4.
We have a very charming Stopped
Diapason made in this way, and with
perforated stoppers, in one of our organs. It

Fig. 4.
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is of red cedar from Middle C to top; the
lower part is of pine and of the ordinary con-
struction. The mouths are in the proportion of
two-sevenths of the width of each pipe. Invetted
mouths are well suited, also, to the Clarabella
and Hohl Flote, two kindred stops which some-
times take the place of the Stopped Diapason
in its upper octaves. The pipes are open, and
have a hollow penetrating tone ; Middle C is 2 feet
long, and its block may be of the same size as that
of the same note in our scale, namely, abouf 1§ by
1. The mouth about § of the width. These open
pipes are tuned by means of shades, which are
pieces of pipe metal let into a saw-cut made in the
top edge of the back board. The shade must be as
wide as the pipe, and 4 inch longer than its
depth. The pipe is flattened by bending the shade
over the open top, sharpened by raising it.

The German stop, the Doppel-fléte, which has
two mouths opposite to each other, and of course
two caps for each pipe, is seldom or never heard in
this country. A few pipes which we have made as
experiments hardly seem to repay us for the addi-
tional trouble and labour.

Trouble and labour were of little account,
apparently, in the old days of English organ-build-
ing two centuries ago, if we may judge from the
really marvellous specimens of patient pipe-making
in weod which have come down to us. We our-
selves have seen and played organs of exquisite
sweetness and beauty by old Bernhard Schmidt

C
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(1660—1708), containing four or five stops in which
every pipe was of oak, even up to the top note of
a Fifteenth of 2 feet. Such an organ, built by
Loosemore, 1664, the builder of the cathedral
organ, is preserved, we believe, at Exeter. It has
six stops, including a Twelfth, all made of wood.
Modern life is too hasty and impetuous for such
efforts. If any of our readers, however, should set
themselves the task of making very small pipes in
wood, we advise them to form the block and foot
from one piece, and to follow the first method (see
p- 18) in putting the minute contrivance together.




CHAPTER III.
| THE SOUND-BOARD.

WE may fairly assume that no one will embark
upon the very serious business of building an
organ, and that probably no one will read this
book, who has not sufficient previous knowledge of
the subject to understand what is meant by the
expressions sound-board, wind-chest, pallets,
sliders. ‘

It may be taken as certain, moreover, that the
reader who takes up this book to assist him in the
arduous work which he has undertaken, and in the
hope (which we trust we shall not disappoint) of
finding rules laid down in it which he can readily
reduce to practice, has long ago decided upon the
position which the projected organ is to occupy,
and has measured with his eye, if not with his two-
foot rule or tape, the breadth, depth, and height
which can be fairly allowed to the finished instru-
ment.

Great diversity of dimension and design is one
of the peculiarities which distinguish organs from
all other musical instruments. Our organ may be
wide and shallow like a book-case, or it may be of

Ca
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little greater width than its key-board, but deep
like a wardrobe ; it may be carried up nearly to
the ceiling of a lofty apartment, or may be kept
down to suit the low-browed rafters of a country
farmhouse or a workman'’s cottage.

The site chosen for the organ may allow of con-
venient access to.the back of it for tuning pur-
-poses ; or it may compel us to arrange the interior
so that the back may always remain in close con-
tact with the wall. The projection of the keys, too,
from the front, and therefore the position of the
player when seated at the instrument, possibly in
a small room ; the place for the blowing-handle
and for the person who works it, so that con-
venient space may be left for him to fulfil his
irksome duty—these are matters of detail admit-
ting of great variety of treatment.

There are cases in which it may be possible, and
very advantageous, to separate the bellows from
the organ which they supply, and to establish
them in an adjoining room, or beneath the floor
or platform on which the organ is placed.

All these considerations must receive full atten-
tion, and drawings or rough sketches sufficiently
intelligible to the workman himself must be made
in accordance with the decisions arrived at. Then,
and not till then, we can launch ourselves upon
the very serious business of designing and con-
structing the sound-board.

A serious business, we say, making a large
demand upon our industry and perseverance, and.
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calling for adroit use of tools of several different
characters.

To facilitate our own task in describing the pro-
cess of constructing a sound-board, we shall divide
this chapter into short sections, with intervening
remarks.

1. The sound-board is a shallow box, divided
internally into as many transverse grooves or
channels as there are notes on the key-board.
The pipes stand upon holes bored through the top
of the box into these channels; and it is plain that
if air is made to fill these channels, and to issue
from these holes in a constant stream when we
please, all the pipes which stand upon the holes
will give their sounds according to their pitch and
character.

Remark.—Thus if one channel, say the channel
corresponding to Tenor C, have five holes bored
into it through the top of the box, then five pipes
standing upon those holes may be made to speak
at once, or in chorus, by pressing down the one
key on the manual.

2. It is plain that we must possess the power of
opening and closing these holes in sets or classes
at our pleasure, so that the air may be directed
into those pipes which we desire to hear, while
others are silent. The top of the box is therefore
made double, or of two layers of wood; and
between the two layers long strips of thin wood
are introduced, lying lengthwise, that is to say, at
right angles to the channels beneath or within.
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The holes are bored down through all these three
layers of wood forming the top of the box; and we
see that by sliding the thin slip an inch or so to
the right or left, we can cut off at once the current
of air from the pipes standing on those holes, since
the apertures in the three layers will then no
longer coincide.

Remark.—All this is quite independent of, and
preliminary to, the arrangements for admitting
the supply of air to the channels themselves.

3. Having already made our Stopped Diapason
pipes, let us range them on a table or floor, and
consider well how they must be planted on a
sound-board such as we are about to make for our
organ, be it broad and shallow, or narrow and
deep, be it low or lofty.

Remark.—No other stop will practically take up
so much room on the sound-board as the Stopped
Diapason ; hence, if we plot the board with refer-
ence to it, all the other pipes will be easily
worked in.

4. On the opposite page several different planta-
tions of the Stopped Diapason are shown both in
elevation and in plan. In Fig. 5 the pipes, planted
in a double row throughout, are placed alternately
to the right and to the left, meeting in the middle
at the smallest pipe. The exact reverse of this
plantation, namely, placing the largest pipes inthe
middle, and sloping down to the smallest pipes at
each end, can be easily imagined, and it is un-
necessary to figure it. It is clear that in both these
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plantations the large pipes occupy a space, as
regards depth, out of proportion to the space occu-
pied by the upper part of the stop. Fig. 6 shows a
very common plantation of pipes, which, as we"
shall see hereafter, allows us to simplify the internal
mechanism or action. Fig. 7, in plan only, shows
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Fig. s.

a mode of economising space as regards depth by
planting the pipes of the lower octave in a single
row, resuming the double row at Tenor C. This
plantation would suit a wide and shallow organ.
Figs. 8 and 9 show different methods of planting
the large pipes in order to avoid a disproportionate
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sacrifice of space on the board. It will beseen at a
glance that they can be ranged behind the pipes of

the tenor and treble octaves, or carried off to the
right and left in rows standing at right angles to
them Fig. 10, in elevation only, shows how we
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Fig. 7,

may build an organ under the ceiling of a very low
room, by planting the eight feet octave on a board
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of its own at a lower level than that of the sound-
~ board proper. And it is easy to conceive, without
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Fig. 8.

a figure, that this accessory board may be replaced
by two boards, to right and left, resulting in a plan
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resembling that in Fig. 9, but giving a lower level
to the tall pipes.

Remark.—We confess to a strong liking for these
later plantations, which require some little careful
mechanical adaptations, but result in a compact
arrangement, admitting of enclosure in a case of
graceful outline.

5. We have still some considerations requiring
careful attention before we can map out our sound-
board. The plantation of the pipes will be the
chief guide to the planning of the channels, with
the divisions or spaces between them; but it must
not be forgotten that the boring' of the holes for the
supply of air must be done in regular lines within
spaces or widths easily covered by the sliders. A

Cc3
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slider is seldom more than from 2 to 3 inches
wide; there are good reasons why ‘this width
cannot conveniently be much exceeded. But the
feet of the large pipes in the bass octave will be as
much as 5 inches or more apart when the pipes
‘ are planted back to back,

R as in Figs. 5 and 6. Hence
.we must decide, before we
begin to work, not only
how the pipes are to stand
on the board, but how they
are to get their wind and
be deprived of it by the
action of a slider of the
usual width. Perhaps we
shall resolve to run two
narrow sliders under the
foot-holes of the whole
U stop, one for each of the
two rows, controlling both

sliders by a single knob or
handle. By this method
every pipe will stand on its
wind, as the workmen say,
that is, will be in direct and uninterrupted communi-
cation with the channel when the holes are open.
Or possibly it may suit our plans better to run two
sliders under the feet of the bass pipes, and a third
between them, under the rest of the stop ; all three,
be it well understood, extending from end to end |
of the sound-board, but having holes only at the

Fig. 10.

nt—
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proper places, and being blank elsewhere: these
three sliders being governed by one knob, or by
two, if the stop is to draw in halves (as it is called),
that is, as a separate Bass and Treble. Or, once
again, we may use a single slider for the whole stop,
but carry the wind through grooves fashioned in the
solid wood from the holes bored in the usual way to
the points at which the pipes are planted. And,
lastly, we may carry the wind from the holes to pipes
planted in any position, and practically at any dis-
tance by tubes made of pipe-metal or other material.

Remark.—It need hardly be said that an exami-
nation of the interior of a well-built organ will be
of great service to the beginner who is planning
his first sound-board.

6. The dimensions, then, and character of the
sound-board having been determined after full con-
sideration of the site for the organ, and a drawing
or sketch having been made for your own guidance,
proceed thus :—Take a board of good clean bay-
wood, 3, %, or § inch in thickness, and long
enough and wide enough to form the ¢ table” or
top of your work ; and dress this carefully until one
of its surfaces is quite true and level. This dressed
or levelled side is to be the lower or under side,
and we are about to form upon it the grooves or
channels of which it will ultimately form the roof.
Next prepare a ruler or straight edge of any thin
stuff, and on this, with compasses, rule, and square,
guided by plenty of deliberate consideration, mark
the size and place of each of the grooves, and of
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the bar of wood which will divide each groove from
its neighbour, from end to end. You will find, of
course, and you were previously aware, that the
widths of the grooves and the thickness of the
bars will vary in proportion to their place in the
scale. Let us say at once that { inch will be
ample width for the CC groove in our small organ ;
and let us advise that the smallest groove in the
treble be about } inch in width, and that the
bars between these narrow grooves be at least
£ or } inch in thickness, in order to allow a good
seat or margin for the pallets or valves which are
to govern the admission of the wind. In the bass
the bars will be very much thicker than this, or
not, according to the plan which you have adopted.
The part of your rule in which you will soon per-
ceive that the chief danger of crowding your pipes
will arise is the tenor octave. Refer carefully to
your pipes, and be quite sure before you mark your
ruler, that you are allowing room for Tenor C and
its neighbours to stand clear of each other when
they are planted on the completed board. Having
satisfied yourself on these points, prepare your
bars from sound pine-wood, planing them with
care, and especially seeing that the edge of each
bar is truly square with its sides. Two inches will
be an ample width for each bar, in other words,
an ample depth for each groove when completed.
Their length will of course be equal to the width
of the table, less an inch or so, according to the
construction now to be described.

D
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There are now two methods of proceeding. First
method :—The table being turned over, with the
dressed side uppermost, your ruler well in sight,
with plenty of hot and fresh glue fix your first thick
bar at or near either end of the table. We say, “or
near either end,” because you may like to leave
room for a finishing cheek of mahogany when all
the bars are put in. The second bar will be glued
to the table in like manner, the proper distance
from the first being secured by “filling-in pieces "
of wood of the exact thickness, glued between the
bars at their ends. This alternation of bars and
fillings-in will be continued until all the grooves
have been formed according to your ruler; the
rough ends of the bars will then be dressed with a
sharp plane, and neat cheeks of stout bay-wood will
be glued on all the four sides of the divided box
which you have thus built up. Second method :—
Prepare the bay-wood cheeks first, and in the two
long ones, using a fine saw and small chisel, cut
grooves to receive the ends of the bars. Form a
shallow box by gluing these bay-wood sides and
ends to the table. The corners need not be dove-
tailed, but an equally close joint must be secured if
dovetailing is omitted. Then introduce the bars,
using an abundance of hot glue, and taking care
that no bar fits so tightly between the cheeks as to
risk bending. 'When all the bars are glued in, add
more thin glue within each groove, placing the
sound-board in a sloping position that the glue
may run into the angles, and afterwards reversing
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the board to the opposite slope, repeating the
coating of thin glue,

Remark.—This unusual profusion of glue is to
preclude the possibility of air making its way from
one groove to the adjacent one by passing between
the edge of the bar and the table; and what is
here said applies equally to both methods.

We ourselves prefer the second method to the
first. M. Hamel, in his wonderfully accurate and
minute treatise, describes a third, in which the
fillings-in are avoided. Those to whom his book is
accessible cannot fail to share the present writer’s
admiration of his marvellous industry, and of his
great gift of clear and precise description of me-
chanical processes. Hopkins and Rimbault may
also be consulted with much advantageé.

7. The work, thus glued up, must be left in a
dry room for two or three days, until all is perfectly
set and hard. Meanwhile the other pieces of which
the completed sound-board will consist are being
cut out and prepared. We shall want the upper
boards, the sliders, and the slips of wood (/fa/lse
sliders the French builders call them, while in
England they are termed dearers) which divide
these from each other. '

We may safely suppose that if the ordinary form
of sound-board has been chosen—such, for instance,
as that which is shown in Fig. 6—its size will be
about 4 feet, or 6 inches more, in length. Its width
will depend on the number of stops for which it is
planned, and therefore of sliders which are to work

a0
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on the table; if we are to have five stops, about
15 inches may be taken as the probable width, but
this may be less, or more, according to the class
of stops selected, and the arrangement chosen for -
their bass pipes. To give accurate measurements
in feet and inches for all the parts of the sound-
board would only mislead our readers at this stage
of our labours. We give general rules only: it
must rest with the reader himself, as we have now
abundantly reminded him, to decide on the shape
of his sound-board and to make the plantation
of his pipes, and the consequent arrangement of
grooves and sliders conformable thereto.
Assuming, then, quite arbitrarily, and indepen-
dently of all special considerations, that the sound-
board is 4 feet long and 15 inches wide, we may
cut out the upper boards from sound and clean
bay-wood, 1} inch thick. Cut them 6 inches longer
than the sound-board. And now as to width. As
there are five stops, and five sliders for them, are
we to understand that we shall have also five upper
boards? To this we reply, By no means. Our
stops, we assume, will be two of 8 feet, two of
4 feet, and one of 2 feet. For reasons which we
shall soon give, we shall propose to have one upper
board for each of these three divisions: that for the
8-feet stops being 7 inches wide, that for the 4 feet
5 inches, and for the 2 feet 3 inches. Under
the 7-inch board there will be two sliders, each
2 inches in width; under the s-inch, two sliders,
each 1} inch in width; and under the 3-inch, one
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slider, 1} inch wide. The bearers will be thus :—
The two outside bearers, that is, those which extend
along the front and back margins of the sound-
board, to be 1} inch in width; the second bearer
(reckoning from the back) to be 1 inch; the third
to be 1} inch, because it will lie beneath the line
of junction, or rather of division, between the two
wider upper boards; the fourth bearer may be
4 inch only, being merely a separation between the
next two sliders; the fifth may be 1} inch, falling
as it does under a line of division; the sixth is
similar to the first. It will thus be seen that we

have—

2 sliders, 2 inches each = 4 inches,

2, I} ”» » =3 9 !
I ” l* ” »w = l* ” '
3 bearers, li‘ ”» » = 3* ”

I ”» I* ” n = li ”»

1 ”» I w =TI 4

I ”» ‘} 9 » = i‘ ”»

Total width = 15 inches.

Remark.—All this is so important that we have !
shown the measurements drawn to scale in Fig. 11.

Cut out the sliders and bearers from perfectly
clean sound bay-wood or red cedar boards, not
more than £ inch in thickness. Having turned
your sound-board over, with the table uppermost,
assemble all the pieces, and satisfy yourself that
your measurements are correct, and that so far
there is no error in your plans. See that all your
planes are in first-rate order, and set yourself in
earnest to bring to a perfectly level and true sur-
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face the table or top of the sound-board, and one
side of the sliders and bearers. No pains must be
spared to render the surface of the table abso-
lutely true. Apply a “straight edge ” rubbed with
chalk, moving it in various directions, and use
unwearied diligence in removing all inequalities
detected by this means. Take care, too, that there
is no “winding.” In short, adopt all the means
which the rules of good joinery give you for pro-
ducing a surface faultlessly level. This done,
arrange upon the table, with their planed sides

1
al =3
1 1
Ne2| o _Ja
L I
al = N3,
Nog[ = ja
a IJ; 1 = N5,
om NS,

Scale, two-thirds of an inch to a foot.
Fig. 11,

downwards, your sliders and bearers, and pin them
down upon it with very small brads, piercing
through near their edges. In doing this have
regard to the grain of the wood, as you are about
to dress the upper surfaces. Sink the brads well
out of the way of the plane with a punch, and bring
the sliders and bearers to a true level as you did
the table.

Remark.—M. Hamel advises that in making the
sound-board the table should be left 3 inches
longer at each end than the actual box beneath,
expressly to afford a bearing for the ends of the
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sliders during this business of planing them. If
this suggestion is not followed, the projecting ends
of the sliders will require separate attention.

The three upper boards may now be brought
down upon the finished sliders and bearers, and a
couple of iron pins or dowels may be let into each
of them and into the bearers and table beneath,
near their extremities, for the purpose of confining
them temporarily in the exact places which they
are to occupy. Dress over now the upper sides of
the three boards, which do not, however, require
attention to absolute truth.

8. We cannot yet bore the holes for the pipes.
Before we can do so we must prepare yet another
board or boards of clean pine, § or § inch thick, 4
feet 6 inches long, and 15 inches wide, for the
rack boards through which the pipe-feet are to
pass, and which are to maintain the pipes in an
upright position. If you have two uppér boards
the division should occur between those of the
&-feet and 4-feet stops. Pin down your rack-board
upon the upper boards with brads here and there
near the edges. ‘

Let us now consider for a moment. We have
made our box of fifty-four transverse channels or
grooves, and its top consists now of four layers of
wood—namely, the table, the sliders, the upper"
boards, and the rack-boards. Through these four
layers of wood, at the proper places, are to be
bored holes of various sizes clear through into the
channels; but it is plain that the holes in the rack-
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boards will always be much larger than those in
the three other layers, because the rack-boards are
to be ultimately raised about 5 inches above the
upper board on legs or pins, and will therefore
receive the thick part of the conical pipe-feet,
while the holes in the upper board will only
receive their tip or small extremity. But the
centres of the large holes in the rack-board must
coincide accurately with the centres of the small
holes beneath, and we shall therefore proceed to
mark the exact spots where each of the holes will
commence.

By the aid of your marked rule, trace a line on
the front and back cheeks of the sound-board,
showing the centre of each groove. From these
points draw lines across the rack-boards. It is
evident that all holes bored through the four
layers of wood at any point in any of these lines
must terminate in a channel. Draw lines at right
angles to the last, showing the widths of the sliders
and bearers; it will then be further evident that we
cannot easily get wrong in boring the holes so
that they may penetrate the sliders at the exact
points intended. But the actual boring, with
certain consequences or contingencies belonging
thereto, must be reserved for the next chapter.



CHAPTER 1V.
THE SOUND-BOARD.—(Continued.)

THE time has come when we must decide what our
five stops are to be, since the sizes and places of
the holes must be in ‘accordance with the quality
and character of the pipes supplied by them.

The Stopped Diapason we have already made;
and in our organ it will be the chief or foundation
stop of 8-feet tone. We shall assume that the
second stop in the 8-feet pitch will be a metal
Dulciana, or small open Diapason. The g4-feet
stops will doubtless be a Principal (or some equiva-
lent) and a Flute. The 2-feet stop we will call
simply Fifteenth for the moment. For convenience
of reference we will number the stops thus :—

1. Dulciana or open
2. Stopped Diapason
3. Principal } 4

4. Flute ”
5. Fifteenth 2,

} 8 feet pitch.

The pipes of No. 1, being the tallest in the
organ, will be planted nearest to the back; all the
others, occupying the successive sliders, will pre-
sent a gradation of heights agreeable to the eye
and convenient for the tuner,
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No. 1, we say, is the tallest in the organ; but be
it carefully observed that in our small instrument it
will not be carried down to its lowest note CC,
which would be 8 feet in speaking length ; it will
not descend lower than tenor C, 4 feet, and the last
or lowest twelve notes or sounds will be obtained
by using the corresponding pipes of the Stopped
Diapason as a bass for both stops.

This will be done by “grooving;” and it will
now be seen why, in cutting out the upper boards,
we were careful to have a single board for the
pipes of 8-feet pitch, and another single board for
those of 4-feet pitch. For itis plain that by boring
holes through the upper board, sliders, and table
into any groove of the sound-board, and by connect-
ing these holes together by means of another deep
groove or score cut in the wood of the upper board,
and then covered in with an air-tight covering, we
obtain a secondary channel, supplied with air by
esther or both of the sliders at pleasure; and by
boring one hole through the air-tight covering,
and planting a pipe on that hole, that pipe will
speak whenever a connection is made between
the secondary channel on which it stands and the
main channel or groove below, which is receiving
air at the moment from the bellows.

Clearly, therefore, if we bore holes through the
upper boards and sliders of Nos. 1 and 2 into the
twelve grooves of the bass octave, and then connect
these twelve pairs of holes by cutting upper grooves
in the surface of the boards, covering them in by

»
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thin boards of wood well glued down, we have then
only to plant our twelve largest stopped pipes on
twelve new holes bored in these thin boards last
mentioned, and we have at once a bass common to
both stops, and each of the two stops will be practi-
cally, and for ordinary purposes, complete down to
the lowest note when its slider is drawn. When
both sliders are drawn, the secondary groove will
receive air from both holes in the upper board ;
but this will not have the effect of over-blowing the
pipe, since the pressure or weight of the air remains
the same, and since the pipe can only receive the
quantity of air which is permitted to pass through
the aperture in its foot.

It will now be seen why we did not at once bore
the holes, or rather mark their places, on the rack-
board. Plainly, we must make these twelve
grooves first, and cover them in. Then, replacing
the rack-board as before, carefully mark on the
- latter the exact place of each bass pipe, as it will
stand on any part of its secondary groove. After-
wards, with a bradawl or other sharp-pointed
borer, prick quite through the rack-board at every
one of the points which you have marked through-
out its whole extent. At these points there will
hereafter be circular holes of various sizes for the
reception of the pipe-feet, but in the upper boards,
sliders, and tables there will be smaller holes,
adapted for conveying its stream of air to each
pipe. Before removing the rack-board, decide
upon the places where the rack-pins, or pillars
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which will hold the rack-board up above the sound-
board, are to be. Have plenty of these, say six or
eight if you have a single rack-board, or five to
each if you have two, in order to insure a firm
plantation of the pipes, and bore holes for them
with a centre-bit, say § diameter, through the
rack-board and to the depth of 1 inch in the
upper boards.

The rack-board now being put aside for the
present, all the holes may be bored through the
upper boards, sliders, and table with bits of
various sizes. From what has been said above
it will be seen that it is not the sizes of these
holes, but of the apertures in the pipe-feet, which
regulate the volumes of wind supplied to the pipes;
but you will, of course, use bits proportioned to the
pipes you have in view. The upper, or treble,
holes must not let the little pipes slip into them,
nor must the larger holes throttle or check the flow
of the wind. In the bass the holes may be as
large as the grooves will allow; and if these are
narrow, or if there is secondary grooving or con-
ducting, it will be well to cut the round hole at its
interior aperture with a sharp chisel into a square
or rectangular opening; or to bore two round holes
and connect them by taking out the intervening
wood. Afterwards, with iron rods of various sizes,
heated to redness, scorch all the holes through the
three thicknesses of wood, leaving a clear and
smooth charred passage for the wind.

We have not yet done with grooving. This seems
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to be the proper place for pointing out how the use
of this system may further assist us in the arrange-
ment of an organ.

Our bass pipes, we have said above, may be
planted on holes cut 727z any parf of the covering or
roof of their respective secondary channels. It
follows readily from this that the secondary groove
or channel may be extended or prolonged for the
express purpose of locating the pipes in situations
convenient for them. Quite apart from any neces-
sity which may exist for supplying a common bass
to two or more sliders, we may evidently plant our
larger pipes almost where and how we please by
cutting grooves in the substance of the upper
board, extending from the table beneath to the point
where we wish the pipe to be. So long as the
holes are of sufficient diameter and the grooves
of ample dimensions, the wind will reach a pipe
located at a distance even of 2 or 3 feet from its
source of supply without any appreciable interval
between the impact of the finger on the key and
the production of the sound; and the grooves may
be curved almost as we please, though sharp angles
should be avoided.

Even if, in consequence of alterations of original
plans or other circumstances, the upper boards
should not be of sufficient thickness or size to admit
of grooving, we may still avail ourselves of this con-
venient system by using an additional or supple-
mentary upper board, which we will here call a
conducting board, screwed down upon the main
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upper board, and containing the grooves. To fix
the exact places fot the holes in the under side of the
conducting board, corresponding with those in the
table, spread & sheet of white paper over the upper
board at the part where the conducting is to be,
making the edges or corners of the paper coincide
with those of the board, and rub the paper with the
finger so as to take clear impressions of the holes;
then transfer the paper to the under side of the
conducting board, guided by the edges and corners
as above, and prick out on this under side the-
centres of the circular impressions made on the
paper. It is evident that when the conducting
board is applied to the upper board, edges and
corners coinciding as before, these punctured
marks will be exactly over the wind holes in the
table. The holes in the upper side of the conduct-
ing board will be marked as before from the rack-
board, and grooves cut and roofed in with thin
wood, as previously described.

Note further, that the grooving may be, if neces-
sary, on both sides of the upper boards. All that
is needful in such case is, that after the grooves on
the under sides, next the sliders, are cut, the whole
of the board, and not merely the grooved part of it,
shall be covered or veneered with thin stuff. This
must be dressed perfectly true, as in the case of the
solid or ungrooved board, and all the holes will be
bored through it. The upper sides will also have
a neater appearance if the roofing of thin mahogany
or cedar is carried over its entire surface. Upper

D
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boards so treated are, in fact, compounded of three
layers of wood, a central thick slab containing
the grooves, and two coverings or veneers. The
gluing on of these latter must, of course, be very
sound and effectual in every part, or a running of
wind might ensue—a most provoking and really
fatal defect, incurable without complete recon-
struction. '

Short grooves may be made by boring holes with
-a centre-bit in the edges of the upper boards, and
making the wind-hole beneath and the pipe-hole
above communicate with this concealed tunnel.

- On plugging up the external aperture in the edge
of the board, or on stopping a whole row of such
apertures by gluing a band of leather, parchment,
or thick paper over them, it is clear that the wind
will pass to the pipes at pleasure. All such holes
and channels must be scorched with hot irons. To
the true joiner this may seem an unworkmanlike
expedient, but it is necessary to prevent the weak-
ening of the currents of air which would ensue from
friction. against rough surfaces, and to preclude the
risk of carrying tiny chips and particles of wood
into the pipes. If conducting boards are used, they
should be faced with soft white leather on their
under surfaces before they are screwed down in
their places, unless, indeed, they are glued down
immovably. The places for the screws, as well as
for those which secure the whole upper board to the
table, must be carefully determined with reference
to the grooves.
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Fig. 12 is intended to show, in a rough way,
how in an upper board BB grooves may conduct
the wind from the holes in a slider AA to a row of
pipe-holes near the margin of the board, resulting
in an arrangement like that shown in Fig. 8. The
dotted lines are meant to indicate grooves cut

B B

.';-:.'-'9 %\ Q.;‘\

AG[°f% Bos 8 |

Fig. 12.

in the under side of the board. It is clear that
these might be made to cross the others, so that
different plantations of pipes might be obtained, as
in Fig. 9.

Remark.—These figures, however, must be under-
stood rather as illustrations of our meaning than
as representations of actual work.

Conveyancing tubes are in constant use, not
only as substitutes for grooving, but as’ancillary
to it. They are made of pipe-metal, and from
about § inch in diameter to much larger sizes.
To manage them neatly and well you should be
adroit in the use of the soldering-iron. They are
commonly smeared over with a composition which
will not receive the melted solder; this composi-
tion is scraped off at the points where a junction is
to be made at an angle, and with the usual copper
tool, a little resin and tallow, the solder is applied.’
Much practice is needed to give mastery of this

D2
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process, apparently so easy: we have known
instances in which it has been avoided altogether
by covering the junctions of the conductors with
white leather secured by thick flour paste. It is
right, also, to add, that we have seen successful
conveyances made of cartridge paper rolled upon
wooden mandrels with paste. Any tin-plate
worker in your town or village would make them
of his own material or of zinc, and in an hour or
two would solder all the junctions for you when
you had planned your arrangement thoroughly.
Assuming, however, the use of the usual tubes,
we may say that they are thus applied. Let
us suppose that the large pipe shown in Fig. 10
is to be conducted off from the sound-board at the
higher level to the plank on which it stands. Bore
the hole in the upper board a trifle larger than the
outside diameter of the tube. Glue a patch of
white leather over the hole, and cut out the aper-
ture in this leather somewhat smaller than the
hole, leaving an excess of leather all round the
hole of about } inch. Then, making the end of
the tube a little conical, thrust it into the hole;
it will carry in with it the surplus margin of
the leather, which will form around it an air-
tight joint or collar. A right angle may be allowed
_in the tube at this first commencement at the hole
itself, but in its subsequent course sharp corners
should be avoided. The pipe is planted on a hole
bored to a sufficient depth in a plank; a second
hole, suited to a conducting tube, is bored at any
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convenient distance from this, and communication
made between these two holes by a groove in the
under side of the plank closed in with leather,
parchment, thick paper, or wood; then the end of
the tube is forced as before into the hole bored for
it and provided with leather packing, and all is
complete.

It is by these means that “speaking fronts” are
arranged according to any design.

Remark.~—If you have all your pipes, metal as
well as wood, ready at hand, it might be well to
pierce the rack-board and fit them in their places
at this stage of the proceedings, because chips and
dust are inseparable from the operation, and may
be more troublesome and mischievous after the
pallets are put in than now. Those readers who
resolve on this course may turn, then, to the subse-
quent pages, in which they will find all the direc-
tions which are necessary for their guidance. For
our own part, we prefer to continue in the next
chapter our account of the mechanism of the sound-
board.

We may further remark, that while the boring-
tools are in use we may perhaps do wisely in
piercing holes also for the screws which are to
hold the upper boards down upon the sliders. If
the planing has been perfectly true, about four
pairs of screws should be enough for each upper
board, and no extra screws should be required to
force the boards into closer contact at any inter-
mediate part. The screws should pass clear and
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easily through the holes in the boards, and should
bite well in the table beneath. The heads of the
~ screws should be let down below the level of the
upper surface of the boards by counter-sinking,
and it is a useful practice to mark the places of
these screws on the rack-board as well, and to
bore corresponding holes in this latter, in order
that if hereafter a slider should be pinched too
tightly between the upper board and table, the
end of a long screw-driver may be introduced  to
ease it by slackening the screws without disturbing
the pipes.

But we shall have to return to this part of our
subject. '




CHAPTER V.
THE WIND-CHEST.

THE somewhat wearisome task of boring more than
250 holes in the sound-board being now assumed
as accomplished, we may take the upper boards
and sliders apart, and retouch the holes here and
there, as required, with the hot iron. The apertures
of the holes in the interior of the channels must
be thus attended to, as the boring-bit may have
occasionally torn the wood -and left rough edges.
Upon the faintest suspicion arising in your mind
of any flaw or crack set up in any channel during
the business of boring, smear over the whole interior
of that channel anew with thin glue, letting it flow
as before into the angles. A running of the wind
from one channel to the next is, as we have said,
the most provoking of all defects, and might compel
us to pull the whole of the organ to pieces after it
was set up.

The running of wind from one pipe-hole to an
adjacent one, either under the slider or between
the slider and upper board, though very annoying,
is a much less serious evil. As a precaution against
its occurrence, it is usual to make little cuts or
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canals running tortuously all across the table from
edge to edge between the pipe-holes, and to make
similar canals or ducts across the under side of the
upper boards, so that no vagrant wind can pass
from a hole to its neighbour in any direction with-
out encountering one of these little cuts, and bet
conducted by it to the edge of the sound-board,
where it will escape harmlessly, - If the planing of
all the surfaces is absolutely perfect, these cuts
should be unnecessary, and we have seen highly
finished sound-boards in which they were omitted ;
but we must recommend their introduction by all
young beginners. They may be neatly and quickly
formed by using the V-shaped tool common among
sculptors in wood, and procurable at any good tool
warehouse. Its two edges should be exceedingly
keen. The cuts may be about } inch in depth.

After this is done, the movement to and fro of
the sliders should be regulated by cutting a little
slot in each of them, and letting a very stout pin
of wood or iron into the table within the slot, so as
to stop the slider at the exact points. Of course all
your sliders will have the same extent of play, say
1 inch, less or more, according to your arrangement
of the pipe-holes. You will probably have so far
thought over your whole work as to be able also to
cut the openings or slots in the projecting ends of
the sliders by which the mechanism for drawing
them in and out will be applied to them. We shall
show, hereafter, one or two different ways of effecting
this movement to and fro.
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After this, take some good blacklead in powder,
and with a stiff brush rub it over every part of the
table until the whole surface has a lustre like that
of a well-cleaned boot. Treat the sliders and the
under side of the upper boards in the same way.
This application of blacklead greatly diminishes
friction between wooden surfaces brought into con-
tact. Some operators mix the blacklead powder
into a thick paste with spirits of turpentine, or with
water. We prefer using it dry, but we heartily
endorse M. Hamel’s complaint that it is difficult to
procure blacklead of good quality. That which is
sold for household purposes is often little better
than a gritty sand.

When the blacklead has been applied, the
bearers may be pinned down in their places with
small brads. The holes which you have bored for
the screws will be conspicuous in them: over each
of these holes, using thin glue or paste, place a
slip of paper, extending 2 or 3 inches along the
bearer on each side of the hole. The use of this is
to hold up the upper board, in order that the slider
may not be pinched so tightly as to be immovable.
The upper boards may then be laid upon the
bearers, with the sliders in place, and the screws
turned until the sliders can be made to glide to and
fro with smooth and easy motion.

Our bench, let us assume, has been swept and
cleaned up after this blacklead rubbing, and now
we turn over our work and proceed to a new class
of operations.

D3
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We have to attach to this lower side of our
sound-board a shallow box of the same length,
and about 3 inches deep, called the wind-chest,
which is to contain the apparatus by which the
admission of compressed air to the channels is
governed, and which is in direct communication
with the bellows by means of a wooden tube. called
the wind-trunk.

We are mindful, of course, in drawing up this
account of organ-building operations, that the
majority of our readers stand in no need of defini-
tions of these common terms. To such readers it
is superfluous to explain that the valves by which
the channels are kept closed while the keys are
untouched by the fingers are called “pallets,” and
that these pallets are slips of wood a few inches in
length, planed to a triangular prism-like section,
faced with soft white leather, and held up against
the channels, so as effectually to prevent the ingress
of air, by springs. When the keys are pressed, the
pallets corresponding to them are drawn down or
opened by wires called ¢ pull-downs,” passing in an
air-tight contrivance through the bottom of the chest.

Fig. 13 is a transverse section of the wind-chest,
in which ¢ is the -pallet, held up by 4, the spring,
and drawn down by ¢, the wire. Part of the sound-
board is shown above, also in section, as will be
easily comprehended ; and Fig. 14 is a view of part
of the interior of thé wind-chest when the front
board is removed, four of the grooves being shown
in section.

——
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We proceed by sections, with inter\;ening re-
marks, as in Chapter III. ’

1. Seven inches will be an ample length for the
pallets in our organ ; and as our channels are about

e .
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12} inches in length (inside measurement), there
will be between 5 and 6 inches of the channels
uncovered by the pallets, and closed permanently
in another way.

Remark.—We take 7 inches as the length of our
pallets on the assumption that the widths of the
channels are propor-
tioned to a sound-board
about 4 feet long.

2. Between the bars
of the sound-board, at a
distance of 6} inches |
from that side at which _] °® ©° % ¢
you mean the movable Fig. 14.
front board to be, glue pieces of thin wood about
2 inches long and fitting nicely, and when the glue
is dry dress these over with a fine plane truly flush
with the edges of the bars and of the cheeks. You
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have now a firm wooden surface to which you will
glue, by-and-by, the little flap of leather which
forms the hinge of the pallet.

" 3. The width of the wind-chest will be governed
by that of the $pace covered by the pallets to be
enclosed within it, in our case about 8 or g inches.
3 inches will be a sufficient depth. Make the two
ends or cheeks of stout stuff, and face theth up to
correspond with those of the sound-board, with
which they will be flush, taking .care that their
thickness is not so great as to prevent the leaving
of an ample margin to the two extreme channels
for the pallet to rest upon.

Remark.—In one of these cheeks a trunk-hole
may have to be cut for the entrance of the wind.
We ourselves greatly prefer making the trunk-hole
in the bottom board of our chests. Your plans
may not admit of this, and you will act accord«
ingly.

The back of the chest, called the “wind-bar,” 4,
Fig. 13, should be of strong and sound stuff, oak or
thahogany, as it greatly helps to strengthen the
whole sound<board and to bear the weight of the
pipes. The corners should be dovetailed, or other-
wise well and firmly jointed. These three pieces,
the two cheeks and the back or wind-bar, will now
be attached to the soundsboard with glue and
screws, to be separated from it no more; but the
bottom, ¢ (of t-inch pine), will be fixed on with
screws only, strips of soft white leather being inter-
posed between the surfaces to ensure air-tightness ;

—
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and the front board, /, will be similarly fitted with
an eye to-occasional removal.

Remark.—All such screws should be dipped in
melted tallow, or otherwise well greased before
use, that they may not rust in their places.

4. Prepare the pallets from clean and very dry
pine. Every pallet will be at least } inch wider
than its channel, that it may have not less than
% inch of overlapping or margin on each side, and
it will have more than this space to spare at each
end. The pallets will be separated from each
other when finally put in by stout pins of iron or
brass, driven into the bars g, Fig. 13 and Fig. 14.
Two such pins may be necessary between many of
the pallets if the plan of your sound-board has
given unusual thickness to some of the bars, and
therefore unusual spaces between the pallets.

5. The pallets are to be faced with white sheep-
skin, and it is usual, but not absolutely necessary,
to give two layers of it to each pallet. About an
inch of surplus will be left at one end to form the
hinge ; and this hinge should be stiffened by gluing
a slip of thinner leather upon it and upon the
sloped-off end of the pallet. The quality of the
facing leather is of the highest importance, and
we must counsel the reader to procure it from a
builder, or from one of the shops which supply
builders’ materials. The price of such skins is
between three and four shillings. If an inferior
leather is used disappointment is sure to ensue;
and though leather of very promising appearance
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may be bought at the fellmongers’ or shoemakers’
in your town, you will only be put to new expense
and additional trouble in the end by using it. In
putting the leather on the pallets, a common plan
is to pin down a sheet of glass-paper of medium
roughness on a board, and to scatter a little
whitening on it. The face of each leathered
pallet (when the glue is dry) is gently drawn
across this whitened surface. If, however, the
leather is of superior quality in the first instance
the glass-paper may be omitted, and a little
whitening rubbed upon the leathered face will
suffice. Even this may not be essential.

6. In working the pallets in take great care that
each channel is covered by its pallet with an equal
margin or surplus on each side of it. It is well to
trace pencil lines on the bars as a guide. As you
glue down each hinge give a little tap with a light
hammer to the pallet, and satisfy yourself by in-
spection that the impression on the leather is equal
and similar in every part. Allow no defect to pass.
Rectify, for instance, the slightest bruise or de-
pression in any of the bars at the points covered
by the pallets. See, also, that all the pallets play
easily between their guide-pins. Finally, a slip ot
wood about an inch wide may be bradded down
upon the hinge-pieces. This is not essential, but
it is a protection against possible straining and
injury to the hinge by incautious treatment here-
after in cleaning the surface of the pallets.

Remark.—Organs have been constructed in
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which the pallets were made to play upon a pin
at the hinder end, and not upon a leathern hinge
glued to the bars. Such pallets could be taken
out one by one at any time for repair or cleaning,
But repairs and cleaning, if the original workman-
ship is good, become necessary only at extremely
rare intervals, and these removable pallets may be
ranked among the mere curiosities of our subject.
They are described and figured, however, by
Seidel.

7. The springs, see Fig. 13, are now commonly
of steel, which has extensively superseded brass, in
consequence of the deterioration to which the latter
metal is subject. We are bound to say, however,
that we have used springs of best brass wire, even
of late years, without any disappointing results,
and that sets of such brass springs are, to our
knowledge, as efficient as ever after thirty or forty
years of constant use. But it is undeniable that
the brass wire now procurable is subject to a
change under the influence of damp and (it is
said) under that of the fumes of gas, which renders
it brittle and quite useless for purposes which
require flexibility. Springs certainly cannot be
made from wire so spoilt; but, as we have said,
when once made from new wire, they may con-
tinue in use for periods practically unlimited.

Remark.—The store of brass wire should be kept
wrapped up in brown paper. This applies also to
brass plate.

Whatever the wire, the springs may be quickly
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fashioned by using a board, Fig. 15, in which you
" have fixed a stout wooden peg, «, and two pins, ¥
z y and 2. The wire, if brass,
should be about No. 17 or
LAE Z No. 18 of the gauge. The for-
P mation of the spring, by twist-
~ Fig.1s. ing the wire round , 5, and z,
is too obvious to require further remark. The arms
of the spring may be about 5 inches
in length, and they are curved out-
wards (see Fig. 16) by drawing them
between the thumb and fingers.
When so curved, and left uncom-
pressed, the gape or distance be-
tween the extremities will be 7 or 8 inches.

Remark.—The strength of the springs must be
regulated by your plans in other respects. We
ourselves like strong springs, even if the manual
touch be in consequence a little heavy.

8. The two extremities of each spring are bent
at a right angle or nearly. One of these will be
inserted, but quite loosely, in a small hole or
punch-mark near the middle of the back of the
pallet; the other, also quite loosely, in a similar
hole or depression in a wooden bar extending the
whole length of the wind-chest, and screwed down
within two notches made for it in the inside of the
cheeks. As the united pressure of the 54 springs
will certainly bend this bar, it is well to introduce
a long screw at about its middle point, passing
through it, and biting well in one of the sounding-

Fig. 16.
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bars. The spring-bar has a slip of wood, cedar
or mahogany, about 2 inches wide, glued or
bradded to it along the
side which is to be nearest
to the back of the chest.
The springs will be held
parallel to their pallets by
playing loosely in cuts,
about § inch wide, made
in this slip of wood (Fig.
17).

The socket, or punch-mark, upon which the
pressure of the spring is exerted, should be a little
in advance of the middle of the pallet, so that the
latter may be held up against the bars throughout
its extent. The spring, be it carefully observed, is

Fig. 17.

Fig, 18,

loosely held in place by the sockets and by the
rack in which it plays, and it can be removed at
any future time by the aid of the little clever tool
which we have figured in Fig. 18, and which you
can make for yourself.

‘When all this is done, furnish every pallet, if you
have not already done so at an earlier stage, with
a little ring or crook, by which to draw it down.
This ring is best made by bending one end of a
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bit of suitable wire, and thrusting the other
obliquely into the pallet (see Fig. 18a). This is
2 better than driving in a little
;_'}:_V staple vertically. The rings
Fig. 18a. may be in a line drawn across
the pallets about 1} inches from their extremities.

Remark.—But it will be convenient that the
rings to which the pull-downs will be hooked
should be quite clear of the guide-pins. v

9. The bottom board being now put in its place
for the moment, draw a line upon it from end to
end exactly above the line of rings on the pallets,
and draw lines at right angles to this corresponding
with the centre of each channel, and therefore of
each pallet. At each of these points a pull-down
will pass through the board, and it is plain that it
must be made to do so without allowing the wind
included in the chest to escape. This was formerly
effected by “purses” (French, bdoursetles), little
Jeather bags, tied or otherwise attached to the
pull-downs. We have seen this method success-
fully tried, but it is now so completely superseded
by a simpler and more effectual plan that we do
not think it worth our while to say more of it.

The arrangement now invariably adopted is thus
made :—Procure a strip of brass plate, or several
strips, equal in the aggregate to the length of the
chest, and about 1} inch or 2 inches wide. In
too many organs this plate is poor stuff, not
thicker than a visiting-card, sometimes even of

zinc only, but in our opinion it should be at least
e,
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as thick as a shilling. Drill holes in this plate
near the edges, and pin it down for the moment on
the bottom board, so that the lines of holes for the
pull-downs may run along its middle. Mark on
the brass the intersections of the lines as before.
Having previously chosen the wire for your pull-
downs (of which more directly), take a fine drill,
with your breast-plate and bow, and on a bit of
waste plate try the size of the hole made by it,
altering it on the oil-stone until the hole receives
the wire with the nicest and most accurate fit.

Remark.—It will be well to store away the drill
afterwards, with a bit of the wire as a specimen,
and to use it for no other purpose.

This drilling is not a difficult operation, and only
requires care and delicate manipulation. Of course,
however, any clockmaker would drill the holes for
you. Assuming confidently that you will drill
them yourself, we recommend you to hold the
bottom board, with the plate on it, in the screw-
clamp of your bench, or in a similar vertical posi-
tion, so that as the drill penetrates the brass it may
be received by the soft wood of the board. This
will diminish the risk of breaking it.

Remark.—Those who have a light handy lathe
will know how to utilise it in drilling the holes in
the brass plate apart from the board.

‘When all the holes are drilled, remove the plate,
and clean off with a fine file the rough projections
thrown up by the drill. With a much larger drill,
twirled gently between the thumb and finger,
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- smooth the edges of all the holes on both sides of
the plate. Try a bit of the wire in every hole, and
draw it to and fro, when necessary, until its passage
is perfectly smooth and easy. Grease should not
be used; or, if a little tallow is rubbed over the
wire, it should be wiped off clean.

The holes in the bottom board itself may be of
any size we please, since they have nothing to do
with keeping in the wind, and merely allow a per-
fectly clear passage for the wire pull-downs.

It is plain that if we now pin down the drilled

plate in its place, the arrangement will not be
complete without some provision for preventing
the escape of wind in large quantities, and with
an intolerable hissing noise, at the edges of the
plate. ‘
The builders prevent this escape and hissing by
fitting two long slips or tringles of wood (see 4, £,
Fig. 13) along the two edges of the plate with glue
and brads, or screws. These slips press the plate
closely to the board throughout its entire length,
and they protect from injury at the same time the
rings of the pull-downs, which might easily be bent
and distorted.

Using thicker plate, however, we ourselves
greatly prefer to glue a strip of white leather, of
the same width as the plate, over the holes in the
board, piercing it with a sufficiently large awl at
the centre of each hole, and we screw down our
plate upon this leather, using numerous short
screws, placed only 4 or 5 inches apart, passing
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through holes drilled near the edges of the plate,
and countersunk in the usual way. All escape of
air is thus most effectually prevented, and the slips
or tringles of wood become unnecessary, except,
indeed, in their secondary character as protectors
of the rings.

The bottom board may now be put on, and
strongly secured by plenty of screws, well lubri-
cated with tallow. Prepare the pull-downs, of
uniform length, each with its little ring neatly
formed; pass each through its hole in the plate,
and with suitable pliers form the top of the wire
into a hook, which takes hold of the ring of the
pallet.

Remark.—Or you may pass all the wires through
the holes, and form the hooks upon their ends
before you fix the board in its place.

The. builders often muffle the hook or ring with
~ silk thread, or a morsel of soft and thin leather, to
prevent a slight clicking noise which might be
heard of wire against wire. This, however, is
really not essential. It is, or formerly was, very
common also to interpose an § of wire. between
the hook of the pull-down and the ring of the
pallet. These connecting links are unnecessary,
and are better omitted.

According to strict rule the pull-downs, passing
through holes in brass, should themselves be of
iron or steel; but we have always used brass
wire, and we must refer our readers to what we
have said of this material in treating of springs.
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They must judge for themselves. The ‘essential
thing is that the wires should play easily and
smoothly through the holes, drawing down the
pallets with perfect freedom, and allowing them to
return, when released, with a pleasant smartness.
If a single pull-down fails in these respects remove’
it at once. Perhaps it is a little bent or bruised ;
possibly the hole in the plate may have been in-
advertently left with a sharp edge, which has cut a
notch in the wire; possibly, also, the pallet-ring
may not be quite in a line with its fellows, and
therefore not quite correctly above the hole in the
plate, throwing the pull-down out of a right line
into an oblique one. Rectify all defects of this kind
at any expenditure of time and patience.

‘We have left all this time several inches of each
channel open or uncovered, since the wind-chest
closes in only that portion of the channels to which
the pallets are applied. We may now finish our
work by gluing white leather, or parchment, or
even only stout paper, over the open part of the
channels, taking care that it adheres well in every
part.

We may add that it is sometimes, or often, con-
venient to place the wind-chest under the back
part of the sound-board, and not under the front;
or to place it midway between the back and front,
or a few inches from either. This is done with an
eye to arrangements connected with the action
or movement, which will be described in detail.

‘When the wind-chest is so placed care must be’
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taken to provide for the complete closing of the
front board. A ledge of wood should be glued and
pinned to the bars in such case, to afford a bearing
for the front board and to receive the screws which
secure it; or the edges of the board may be
leathered, and it may be thrust in, with a tight fit,
between the under side of the channels (roofed
with wood at that point for the purpose), the
cheeks, and the bottom board, cut an inch wider
. accordingly. Wedges are sometimes used, driven
in behind clasps or hooks of iron, to keep it in its
place. But in truth, when the organ is once well
built and finished, several years may elapse without.
a disturbance of the board.



CHAPTER VI
THE BELLOWS, TRUNKS, AND FRAME.

AFTER all our minute operations with small drills

and fine wires, calling for a light hand and patient
accuracy, we have to turn to work comparatively
rough and coarse. The business of bellows-making
presents no serious difficulty, and we hope we may
pass rapidly over it. We shall have no reader
who is not already familiar with the form of organ-
bellows, which consist of three main boards,
namely, the middle board, the top board or table,
and the feeder, and of thin plates of wood called
ribs, the whole united together with flexible white
leather forming hinges and gussets.

The shape or form of the bellows will of course
be determined by that of the organ; they may be
long and narrow, or short and wide, like the sound-
board. Their capacity, or area, will depend on the
number and character of the pipes which they have
to supply with wind. A common rule is to assign
two square feet of superficial area for each stop in
the organ; but this would be in excess of the
requirements of such a small organ as that which
we are making. 3 feet 6 inches by 2 feet, giving
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7 square feet of area, will be ample dimensions in
our case, and will work in conveniently with the
size which we have assumed throughout for the
sound-board, namely, about 4 feet or 4 feet 6 inches
by 15 inches. In arranging your plans in the first
instance, allow room for a drop or play of the
feeder of at least 10 inches, free of all interruption
from the pedal or other contrivance for blowing,
for it is upon the capacity of the feeder that you
must depend for the quantity of air supplied, the
upper part of the bellows being merely a reservoir
in which the compressed air is stored away, and
from which it is distributed to the pipes as it is
wanted. The reservoir may have a rise or play of
about 10 inches or a foot. Get out the three main
boards of deal or any sound stuff, leaving the
middle board some inches longer than the other
two, that its ends may rest upon the frame of the
organ, or upon other supports as you may arrange.
Cut out pieces, also, to form a shallow box, say
4 inches deep, upon the middle board, of the same
size as the top board. This is called a trunk-band,
and is introduced to allow of fixing the wind-trunks
which are to convey the wind to the chest. You
will want also a light frame of three-quarters stuff,
pine recommended, to carry and support the ribs
of the reservoir; the four boards of which it is
made will be of the same width as the ribs them-
selves, namely, about 4 or 4} inches. The ribs are
of very thin stuff, say } inch, but they must be quite
sound and free from cracks. You will want six-

E
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teen ribs (eight pairs) for the reservoir and six fos
the feeder; of these last the long ones will be of
triangular form.

Cut plenty of large openings in the feeder board
for the admissionr of the external air, and in the
middle board for the transfer of that air to the
reservoir. These openings may be rectangular,
say 4 inches by 1, and there may be fully six of
them in each board. After cutting them, convert
them into gratings by fitting little wooden bars
across them, 1 inch apart, let in flush with the
board, and planed level. Each of these gratings
will be covered with a valve or clack of stout white
leather, two thicknesses glued together, and held
down along one edge by a slip of wood and brads.
These leathern valves should play with perfect

- ease, and it is well to thin down the hinge-flap, or
cut it half through with a sharp penknife, that the
valve may fly open at the slightest pressure of the
windy and may not throttle or retard its passage.
It is a common plan to make these valves without
a hinge, by attaching pieces of tape to the four
corners, and pinning down the ends of the tapes to
the board. The whole valve then rises and falls.
We prefer the hinge. After cutting your ribs to
the proper shapes, in which you can hardly get
wrong, sort them into pairs, and glue a long strip
of stout white sheep-skin along the edges of each
pair. Stout calico or linen may be substituted for
leather on the opposite side, namely, the side
which will present the inner angle, and in which:
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the ribs will be in close contact when folded
together. A glance at Fig. 19 will show that the
upper ribs of the reservoir are in a position the
reverse of that of the lower ribs. This inversion of
the ribs represents the result of a clever invention
by one Cummins, a clockmaker. Before its intro-
duction, the air in the reservoir had suffefed a
slightly unequal compression as the top board
descended, in consequence of the closing-in on all
sides of the folds of the ribs, which diminished the

—
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Fig. 19.

space occupied by the air. Cummins’s ingenious
modification at once rectified this inequality, since
the upper ribs fold outwards, and allow more room
for the air, precisely in the same. proportion as the
lower ribs fold inwards and diminish the space.
An unpractised ear might not, indeed, detect the
slight change in the tone of the pipes caused by.
bellows made in the old-fashioned way, but let us
by all means follow Cummins’s plan. You will do
well first to join the inner lower edges of the upper
ribs 6 the inner sides of the middle frame; then
E2
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their other edges to the top board at the proper
distance from its margin; then attach the upper
and outer edges of the lower ribs to the outer edges
of the middle frame ; lastly, the lower edges of the
lower ribs to the trunk-band. All this must be
. done quickly that the glue may not grow cold; it
will much facilitate a distasteful operation to use a
small sponge with warm water, passed over the
outer or smooth side of the leathern strips as they
are glued on. The main hinge of the feeder will
be best made by passing pieces of hempen rope
through several pairs of holes bored obliquely for
the purpose in the feeder board and middle board,
and wedged in with pegs and glue. Fig. 20 suffi-

. ciently explains this. Two
S orthree layersof thestoutest
leather will be glued over
the line of junction formed
by this hinge. There is no
reason why the hinge should
not be on one of the long
sides of the feeder, instead
of its narrow end, if your arrangements for the -
blowing-handle or pedal render this form of con-
struction desirable. (You have doubtless well con-
.sidered your blowing mechanism.) The ribs of the
feeder being worked in like those of the reservoir,
and all the glue dry, fix the bellows in a fully
distended position by temporary appliances, and
fill up the open corners by gusset-pieces of your
best and most flexible leather., Material will be

Fig. 20.
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economised and neatness consulted by preparing
a paper pattern of the gusset-pieces in advance.
Those of the feeder must be very strong, and it
may be well, but it is not necessary, to put on a
second pair over the first, but not glued to them
in the folding or crumpled part. All must be per-
fectly tight and well glued down in every part. A.
mere pin-hole will betray itself hereafter by a
disagreeable hissing.

We had almost forgotten to say that a valve
4 inches square, or thereabout, must be fitted in
the middle of the top board to prevent over-blow-
ing. This is generally made of a small board of
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wood, planed truly level, and covered with two
thicknesses of the pallet leather, rubbed with
whitening. It opens inwards, and is held closed
by any simple application of a stout spring made
of much thicker wire than the pallet springs.
Fig. 21 suggests one of the very simplest of
arrangements. A string, fastened to the under
side of this safety-valve, and to the middle board
beneath it, may be of such length as to pull the
valve open when the bellows are fully inflated ; or
the valve may be pushed open from above by a
wooden arm or catch attached for the purpose to
some part of the frame.
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The apertures for the trunks should be cut in
the trunk-band, according to well-digested plans,
before the bellows are put together, that there
may be no sawdust or chips afterwards to get
under the clacks; and it.is well to give the whole
interior of the bellows two coats of glue-size before
the ribs are closed in.

The little contrivance a b c 4, Fig. 22, is to ensure
the simultaneous rising of the top board and
middle frame when the bellows are in action. It
may be conveniently made of hoop-iron, but oak
or any hard and strong wood will be equally good.
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Fig, 22,

If some such contrivance were not introduced, the

top board and upper ribs would rise first on the
working of the feeder, and the frame and lower
ribs would follow in their turn. This would cause
inequality of pressure, since the top board would
not at once bear up the weight of the frame and
lower ribs. The little jointed apparatus redresses
this by causing the whole of the ribs to obey the
first admission of air. A simpler form of it will
be found in Fig. 224,

We are building a very small organ, but, desir-
ing as we do to give as much completeness to this
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treatise as circumstances will allow, we here
explain that in larger instruments two feeders are
generally or always introduced, unless, indeed, a
“ cuckoo feeder ” is used, which practically amounts
to the same thing, being a long board hinged to
the under side of the middle board by a stout
tranverse piece in its middle, and provided with
two sets of ribs, each set filling up the space from
the middle hinge to the end of the board. This
feeder supplies wind with the upward as well as
the downward stroke of the bellows-handle, but it
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Fig. 22a.

would not be suitable for an organ in which the
blowing is effected by the foot.

We may have readers who are so fortunately
circumstanced as to be able to apply water-power
to their bellows. In this case two feeders should
be fitted in -order to utilise both strokes of the
ingenious little machine, which consists essentially
of a piston moving water-tight in a cylinder pro-
vided with a valve which admits water alternately
above and below it. This is not the place for
entering on a discussion of the conditions essential
to the due working of the water-pressure engine;
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they may be studied in any modern treatise on
hydro-dynamics; it is enough for our present
purpose to say that a cylinder not larger than a
common wine-bottle will give ample power for
such an organ as ours, provided that the pressure
on the piston be not less than 3o lbs. to the square
inch, and that the supply-pipes be of ample size.
Water, it must be remembered, does not expand
like steam when admitted into an empty space, or
rather into a space occupied only by atmospheric
air; hence large pipes, large valves, and large
ports, or valve-openings, must be provided, that
the water-pressure, irresistible: when properly
applied, may be thrown at once upon the point
where it is wanted. But this is by the way, and
we will only add that the water machine should be
in a room or cellar below or adjoining that in which
the organ is placed, as a slight noise is inseparable
from its action, and it should act on the feeders by
a wooden or iron rod brought up through the floor.
Still better if the whole apparatus, feeders, reser-
voir, and all, can be down-stairs or in a neighbour-
ing apartment, the trunks only passing through
the wall or floor. In very large modern instru-
ments the feeders, worked by steam or water, are
commonly made to move horizontally, in a way
which will be understood if we imagine an accordion
or concertina laid upon its side. When the reser-
voir is fully inflated it acts upon a valve, which
reduces or cuts off the supply of water or steam.
The trunks are rectangular wooden tubes made
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of half-inch pine, and well jointed. In their course
from the trunk-band to the wind-chest right-angled
mitres are permissible, for it is a mistake, though
a common one, to imagine that the wind rushes
in an impetuous stream along the trunks as it does
(for instance) along a conveyancing tube when its
pallet is open. The trunks are simply connecting
links between the reservoir and wind-chest, but
they must be large enough to ensure an equality
of wind-density in both wind-chest and reservoir
under all demands on the part of the player. Our
trunk may be 5 inches by 2, inside measurement;
or it may be g or 10 inches wide by only 1; or
we may make it 3 or 4 inches square, as may suit
our plans. The ends of the trunk should not be
glued into the openings cut in the trunk-band and
wind-chest. The ends, reduced by half the thick-
ness of the wood, and brought to a shoulder, should
be glued into an opening in a small board, an inch
or two larger on all sides than the area of the
trunk. Engineers would call this a “flange.”
This flange being leathered, and the aperture of
the trunk cut out, it may be pressed with four or
more screws against the margins of the openings
with which it is in communication, and will thus
be removable at any time if the organ is taken
down or altered. The interior of wind-trunks
should be well coated with thin glue, and the
exterior should be painted. Some builders prefer
to cover the exterior of their trunks with paper,
and to line the ribs of the bellows with the same
E3
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material, applied with common paste. Trunks
have been made, too, of zinc, and oval in section.

The frame of the organ, whatever its form or
plan, should be very strong and solid, and should
stand firmly in its place on the floor without-any
tendency to vibration or unsteadiness. The pieces
of which it is composed should be of good deal,
1} inch thick, and from 3} to 44 inches wide, ac-
cording to circumstances, that is to say, according
to the weights which it has to carry. The essential
points are these, namely, that the keys, or manual,
shall rest upon firm supports at the proper height
above the floor; that the sound-board shall be
borne upon bearers at a sufficient height above the
keys to admit the intervening mechanism; that the

bellows shall be carried on cross pieces far enovgh
removed from the floor to admit of the free play of
the feeder.

You will take into consideratmn, in designing
your frame, the question whether you will have
pedals, and the still more important question
whether you will have separate pipes for them, and
how they are to be connected with the lower keys.
Room must be provided for all the apparatus
" involved in these arrangements, and, as in every
part of our work, so in this, we say that the reader
himself must think over carefully all contingencies,
and make a preliminary drawing to scale for his
own guidance.

Enough if we lay down here the following rules :—

1. The under side of the key-board must be 25
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inches from the floor, or from the upper surface of
the pedal-board. '

2. The under side of the wind-chest should, if
possible, be at least 15 inches above the key-board.

3. The middle board of the bellows should be
fully 12 inchesabove the floor, or above any trackers
or other mechanism connected with pedals.

4. The front edge of the key-board should pro-
ject about 1 foot in advance of the panels closing
in the lower part of the case.

5. Ample space should be secured for a large
book-board by allowing a still greater distance
between this front edge of the keys and the front
edge of the sound-board above.

These are not quite all the considerations
involved in designing the frame. The draw-stops
and their connection with the sliders must be well
considered, and room left for the requisite appa-
ratus; and the position of the bellows-handle
should be determined, and the part of the frame
on which its fulcrum or centre will rest.

Fig. 23 gives, perhaps, the simplest form of .
frame usually adopted for a small organ. It is
made of four distinct frames, united at the angles
by screws, so that the whole can be easily taken to
pieces. It must be understood that the key-board
is carried upon two cross-bearers, leaving the
under part of the tails of the keys accessible; and
the sound-board in like manner rests upon two
bearers under its extreme ends. If any longi-
tudinal bar is introduced to assist in sustaining
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the weight of the sound-board, it must be after
careful consideration of all the arrangements for
the action or movements of the keys. Similarly,
the entrance of the trunk must depend on the
mechanism of the action and of the draw-stops.
It is unnecessary to screw down the sound-
board to the bearers. Its own weight when
loaded with the pipes will keep it down, while a

Fig. 23.

couple of dowels (short wooden pegs), one in each
bearer, fitting into sockets in the bottom board
of the wind-chest, will prevent it from moving
laterally.

There is another form of frame well suited to
small organs, and which we ourselves greatly
approve. According to this plan, which is sketched
in Fig. 24, the bellows are enclosed in a stout low

et
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structure rising no higher than the level of the
key-board which rests upon its top. The sound-
board is carried upon cheeks screwed or otherwise
attached to the bottom board of the wind-chest
either at its extreme ends or at points nearer to
its centre, according to your plans for the action

Fig. 24.

and the draw-stops. Or the cheeks may be united
by a stout transverse piece or girder, the sound-
board being then kept in place by dowels only.
The present writer has further modified this
arrangement by substituting a wide and shallow
trunk for one of the cheeks. This trunk is screwed
by its flange to the bottom board of the wind-
chest, where the wind enters, and it is closed at

—
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the bottom, where it rests upon the cross-bearers
of the frame. A lateral aperture is cut in it an
inch or two from this lower end, and a short mitred
trunk connects it with the bellows. All this may
be sufficiently understood by inspection of Fig. 24.

Remark.—The late eminent builder, Mr. W,
Hill, we believe, exhibited an organ at the London
International Exhibition in 1851 which had hollow
framework, serving as trunks. It is evident that
by making one end of our bellows rest upon a
hollow bearer we might omit the trunk-band
entirely, since this hollow bearer might be directly
connected by a mitred trunk with the hollow
cheek supporting the wind-chest. And by making
one leg of the bellows-frame hollow, and connect-
ing it at top with a hollow cross-bearer, carrying
the cheek on which rests the wind-chest, it is plain
that we supersede the separate trunk altogether.
Such plans as these may amuse some of our readers.

If the feeder is worked by the foot of the player
such a pedal as that shown in Fig. 25 will be found

Fig. 25.
convenient. It is made of hard wood—oak, birch,
ash, or walnut—with iron or brass hoops and
pivots, and is screwed to the floor of the room,
independently of the organ-frame. The little
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roller should be covered or muffled with soft
leather, and you will see that it rolls clear of the
valve-holes in the feeder. By lengthening the
middle piece or shaft we may work with the right
foot, a feeder having its play on the left side; but
in such a case the whole machine will be best
made of iron by a smith. He will coat the pedal
for you with india-rubber where the foot rests
upon it—a much better plan than roughening it
like a rasp. The pedal, as figured, is intended to
be on the extreme right of the player, and to be
clear of a pedal-board of two octaves.

The reader will see that by reversing the positions
of the arms of the pedal it may be made to suit
any little organ with a manual only. In this case
the muffled roller will traverse the feeder not cross-
wise, but lengthwise.

We pointed out in a former page that the posi-
tion of a bellows-blower must be considered in
your plans for the finished instrument. If he
stands close to the player on either side of him
the lever will be easily poised upon a strong pin
projecting from the frame. A piece of web or a
leathern strap will be a better connection with the
feeder than any rigid bar of wood or of iron. If
the organ is not placed against a wall the position
of the blower may with equal ease be precisely
reversed. The lever, however, may be arranged
parallel to the back wall by constructing your
bellows in the first instance with a view to this,
the hinge of the feeder being on one of its long
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sides, as we have explained in a former page. Or,
with a feeder hinged as usual at its end, the lever
may still be parallel to the back wall by acting
upon an arm with a roller precisely similar to our
foot-blower.

Another mode of effecting this is shown in
Fig. 26. a b is the handle turning on a strong pin
at a, fixed to the back of _the frame. ¢ 4 is a shaft
which should be of iron, but might be of hard

o 0 7‘
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Fig. 26.

wood, hooped at the ends, having two arms, ¢ and
/, projecting from it in opposite directions. This
shaft turns on stout iron pivots which enter holes
in stanchions securely fixed to the frame. These
holes will be better for being bushed with brass.
£ is a short wooden link connecting the handle
with the arm f; and % is a wooden rod which con-
nects the arm ¢ with a forked lug screwed to the
feeder. All these connections are by stout turned

—
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pins of iron or brass. It is plain that every down-
stroke of the handle ¢ & will bring up the feeder.
All this is a matter of mere mechanical arrange-
ment ; the simpler you can make it, by diminishing
as much as possible the number of pivots or turn-
ings, the better it will be. .

‘We conclude this chapter, and turn to the next
branch of our subject, with the assumption that
the organ is thus far satisfactorily advanced. When
the new bellows are worked we assume that no
hissing is heard, and no escape of air perceived at
any of the holes when a slider is drawn, or at
any part of the junctions of the trunk. We assume
also that when any pallet is opened by drawing
down the ring of its wire, a strong rush of wind
will immediately follow, and will be as instantly
stopped by releasing the ring, when the pallet will
close with a ready and prompt snap. The sliders,
too, must glide to and fro with perfect smoothness
and ease. :

Pass over no serious fault. Remedy all defects
with unwearied patience, even if it involves a
reconstruction of your work.

It is usual to paint the frame and bellows (leav-
ing the ribs untouched, however) with some dark
priming. A dull red was formerly in vogue;
chocolate, dark brown, or a slaty black have now
found favour in the eyes of builders.



CHAPTER VIIL.
PLANTATION OF THE PIPES.

WE explained in a former page that it is well to
plant all the pipes upon the sound-board before the
pallets are fitted, because dust and chips are in-
separable from the operation, and may be trouble-
some and mischievous if introduced into the grooves
and conveyances. Some of our readers, therefore,
having their stock of pipes by them, have perhaps
already perused  this chapter and acted upon its
suggestions. It has been reserved, however, for
this place in our work, in accordance with our wish
to meet the case of workmen and young beginners
who are under  the necessity of proceeding by
degrees.

Possessing a turning-lathe, and resolving to turn
the wooden pipe-feet yourself, you will doubtless
commence by boring four or more holes in a bit of
thin board with centre-bits of different sizes as a
guide or gauge for the diameters of the pipe-feet.
If you mount this little board at a height of 4} inches
above another board or stand, by pillars or legs, it
will represent a portion of your rack-board, and as
you rapidly throw off the feet in the lathe they will

T e ecl— —=




PLANTATION OF THE PIPES. 9t

be as quickly sorted by passing them into these
trial holes, The billet of wood, pine, willow, syca-
more, or any other suitable stuff, should be bored
while still in the rough by a bit revolving in the
lathe. The bore cannot then fail to be central.
It should ultimately be scorched with a hot iron,
unless, indeed, your borer has heen so well suited
to the wood as to render unnecessary any further
smoothing. The feet will be slightly conical, the
smaller end tapered off to fit the countersunk hole
on the board, the larger formed into a neck with a
shoulder (see Fig. 1).

The rack-pins should be of mahogany or oak, w1th
a shoulder at each end, the necks fitting tightly in
the holes provided for them already. These necks
may be blackleaded, to facilitate removal.

All the holes may now be bored in the rack-
board corresponding to our two wooden stops (Nos. 2
and 4), at the points marked long ago, when the
.grooving was finished ; the board may be placed
on its rack-pins, and the feet dropped into their
places, adjusted, where necessary, with a half-
round file. The pipes may then receive their feet
one by one, and if your calculations have been
correct and your measurements accurate they
should stand in orderly array. Use the spirit-level,
square,. and plumb-line in planting the pipes, tq
ensure truly horizontal and perpendicular lines.
The feet should not be actually glued into the blocks
until the last little adjustments have been given.

In planting the metal pipes, holes 2 inches or
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more in diameter will be required in the bass;
while those in the extreme treble will be little
larger than a common quill. Adjustable bits may
be bought, clever contrivances producing beauti-
fully true circular holes (see Chap. II.). In the
absence of these, we recommend you to use discs
of stiff paper or cardboard, representing the exact
size, as ascertained by callipers, of the conical foot
of the pipe at about 5 inches from its lower
extremity ; from these discs the outline of the holes
may be traced on the board, and all the holes, great
and small, may be cut out with a pad-saw, or bored
with common bits, in evei'y case a'trifle smaller
than they are ultimately to be. Then, the rack-
board being in place, each pipe may be adjusted in
its position by using a half-round rasp, and similar
or rat-tail files. With these you will easily give a
conical form to the holes in the board. ‘

Great care will be well bestowed in this operation.:

If, unfortunately, you cut any hole too large, line it
with a morsel of soft leather. But every true work-'
man will desire to resort as seldom as possible to.
this expedient.
- Probably none of the metal pipes will require to
be grooved off. But this you have attended to long
ago. If any of them are grooved off, take care that
the grooves are of ample size, that the wind may
not be throttled.

When all the pipes are planted, whatever  the
arrangement which you have adopted, they should

- gratify the eye by their perfect symmetry.
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“If they do not look well they will not sound
well,” was a good maxim long ago impressed
upon the writer by an ingenious German work-
man, to whom he was indebted for much valuable
information.



CHAPTER VIIL
THE ACTION.

THIS important subject will be prefaced by a few
definitions, superfluous, perhaps, for some readers,
necessary for others.

Backfall. A lever of any clean wood, } inch
or less in thickness, 1 inch or 2 inches in
width, and seldom more than 1 or 2 feet in length,
turning upon a wire as its axis or fulcrum.

Bridge. Backfalls occur in sets, corresponding
to the number of keys in a manual or of pallets in
a wind-chest. They are arranged side by side ir

— =

Fig. 27.

notches formed by taking out the wood between
saw-cuts in a balk of mahogany or oak 2, 3, or
more inches square. This balk is called a bridge.
Fig. 27 shows part of a set of backfalls and their
bridge.

e
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Square. Squares are now usually of metal, but

may be easily made of
wood, and consist of two
arms, 2 or 3 inches long,
united at a right angle to
each other, or cut at once
from a single piece, and
turning on a wire as an
axis passing through a Fig. 28.-

hole at the intersection of the arms. .Like the

backfalls, they may be arranged side by
side in a bridge, but the modern metal
squares are screwed separately in their
places (Fig. 28).

Sticker. A slender rod of light wood,
not larger than a common cedar pencil,
and from a few inches to a foot or two in
length (Fig. 29).

Tracker. A flat riband of pine, some-
times several feet in length, about ¢ inch
in width, and less than } inch in thick-
ness. Trackers, however, are now frequently
slender round rods, like the stickers (see Fig.
30).

Tapped Wires. Formerly of brass, after-
wards of tinned iron, and now generally of
phosphor-bronze or some other alloy. These
are pieces of wire about 3} inches in length,
from No. 16 to No. 18 in gauge, and cut with

Fig. 29. «

a screw-thread upon about half their length, ;. 0.

with a ring or hook at the untapped end.
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Buttons. Round nuts of old and thick leather,
or latterly of a composition into which gutta-percha
enters, pierced at their centre to receive the tapped
part of the wire.

Cloths. Little discs of woollen cloth, mostly red,
used as mufflers to prevent the rattling noise of
wood against wood, or metal against metal.

Roller. An axis or shaft of light wood (but in
certain cases of iron), turning easily on two wires
as pivots, which enter holes in studs fixed firmly.

Fig-. 31.

The roller has two (or more) arms, 2 or 3 inches
long, projecting from it, generally near its ends.
It is plain that any motion given to the roller by
acting on one of these arms will be transmitted to
the other arm. Rollers are in sets, like backfalls
and squares, and are arranged symmetrically on a
board called a roller-board (Fig. 31).
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The nine articles just described are all brought
together in the action of an organ, even of a simple
kind. We shall endeavour in this chapter to
show how they are combined in ordinary circum-
stances, involving no peculiar complications.

A simple and rudimentary example of the prin-
ciple underlying all systems of organ-action may
be seen in Fig. 32. a & is the key-board, in which

~=T]
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Fig. 32.

each key (as always in England) is balanced on
a pin-rail near its centre, and has a pin, ¢, passing
through a little mortice cut in it, while another
pin, 4, out of sight, near its fore end, keeps it in
its place, parallel to its fellows. At the tail of
the key, ¢is a sticker, having a wire thrust into
each of its ends, and projecting about 1 inch; one
of these wires is inserted in a small hole drilled in
the key-tail, and conical beneath, or cut into a
F
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little mortice. A “cloth ” is slipped upon the wire
to prevent the end of the sticker from rattling
upon the key-tail. The upper wire of the sticker
slips into a similar hole (a cloth interposed as
before) in the end of /, a backfall working in its
bridge, g. The other end of fis connected at once
to the pull-down of the pallet by a tapped wire and
button. Clearly, if a finger is placed upon the key,
its hinder end will rise and will push up the back
end of the backfall, which will draw down the
pallet; and by simply reversing the position of
the backfalls as shown in the cut, we may pull
down the pallets in the wind-chest when placed
under the back of the sound-board.

If, then, we have fifty-four keys in the manual, a
repetition of this simple apparatus fifty-four times
will be requisite to bring every pallet, with the
pipes controlled by it, under the command of the
player.

But this is taking no account of the fact that the
pipes are not planted in an unbroken chromatic
series from bass to treble. In the arrangement
shown in Fig. 5 (and in its reverse or opposite
plan) it is plain that our simple backfalls would
fail us ; while in Fig. 6 some of the bass pipes are
planted to the right of the player, equally out of
reach.

Here we resort, then, to rollers. Fig. 33 shows
a single roller, in which ¢ £ is the roller, turning on
pivots in studs, and having arms, /, », of wood or
of iron, projecting from it. The sticker from the
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key-tail pushes up the arm / when the key is
depressed ; the roller turns on its pivots, and the
arm m pushes up the tail of the backfall by another

i -Lrll I uJ-k

l

. m
Fig. 33.
sticker, the pallet being thus opened as before;
and it is plain that by arranging a set of rollers on
a board, as in Fig. 31, we may act with ease upon
pallets to the right and left which could not be
reached in any other way.

The roller-board as here described is placed
above the key-board, with action by stickers; but
it might be as easily placed immediately under the
wind-chest, with action by trackers. In this latter
case, the key-tail will push up the end of the back-
fall, the other end of which will draw down a
roller arm by means of a tracker; the other arm
of the roller will be hooked to the pull-down of the
pallet by means of another tracker. If so placed,
room must of course be left for the roller-boards by
fixing the wind-chest at a sufficient height above
the backfalls. Figs. 34 and 335 show, sufficiently
for our purpose, but without any pretension to
exactness of detail, the two positions of the roller-
board, and it is easy to see that by reversing the
backfalls, and in Fig. 35 the roller-board also, we
can act upon a back wind-chest.

Probably the reader has already surmised that
the notches in the bridge are by no means neces-

F2



—

100 ORGAN-BUILDING.

sarily parallel to each other, or, in other words,
that the backfalls themselves are not parallel. The
left-hand pipes, as shown in Fig. 6, are reached by

Fig. 34.

cutting the notches in the bridge askew, so that
while one end of the backfall is over the key-tail,
the other may be under the pull-down; and as this
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applies to the whole set of backfalls, except those
connected with the rollers, the whole of the notches
will be cut at varying angles to the central line or
axis, and the complete set of backfalls, when put
in their places, will present a fan-shaped plan.
Hence it is sometimes called a “fan-frame.”

But parallel backfalls occur constantly as trans-
mitters of motion from the keys to the rollers, and

Fig. 35.

in other positions which will be noticed. The
.plantation of pipes shown in Fig. 5, for instance,
and the reverse of it, which has the larger pipes in
the centre, can only be adopted by having a roller
for every pallet; and in this case the backfalls will
be parallel, whether the action be by stickers or by
trackers.
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Already, we hope, we have given explanations so
far intelligible that ingenious readers might have
no difficulty in devising for themselves sone one
of the numerous distinct combinations which may
be made of the nine pieces or members which we
began by defining.

Let us take, however, the very common arrange-
ment of Fig. 6 as that of our organ, and apply to it
the rules already laid down.

1. The keys will be procured, of course, from a
maker, unless the cost—fifty to sixty shillings—can
be saved by adapting an old set. We ourselves are
admirers of the old-fashiohed claviers with black
naturals and white sharps, or sharps of bone or

ivory with an ebony lihe down the middle of each.
- We possess two specimens of double manuals of
this kind ; one of them, taken from an organ by
the elder England, is extremely handsome, with
a mahogany frame almost black from age, purfled
like a highly finished violin. It was presented to
the writer many years ago by the late excellent
builder, Mr. Walker. The other double set, in a
plainer frame, was bought at a sale for the sum of
one shilling and sixpence! The chief objection to
the use of old claviers is that the keys, from long
usage or from original faulty construction, rattle
audibly against their guide-pins. This, however,
may be quite obviated by bushing the little mortices
which receive the guide-pins with fine cloth, as
modern piano keys are bushed, or with thin leather
—for instance, the kid of old gloves. If the keys are
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handsome, a little patience bestowed in this way
may well reward the operator, who will find the
movement of his old manual when this is done as
silent as he can wish it to be.

2. We shall assume that the front board of the
wind-chest is above the keys, and that the organ is
to stand against the wall. Hence the backfalls
will be turned towards the player, as in Figs. 32
and 34. But all that we shall say will be ap-
plicable to backfalls acting on a back wind-
chest.

The keys, whether new or old, will probably be
18 or 19 inches in length from their front edges to
the rear. Their.position in the frame should be
such as to allow the front edge to project 10 inches
at least beyond the front line of the wind-chest, in
order to allow room for a book-board ; hence our
backfalls will be short. But their shortness will
not be an evil, since the extent of their play or
oscillation is extremely trifling. One-third of an
inch will be a sufficient descent of the pull-down ;
the other end of the backfall will traverse a similar
space, and it will easily be seen how small an arc
will be described by any point near the centre.
Backfalls from 4 to 6 inches in length will, there-
fore, present no practical inconvenience. At the
same time it must be admitted that with such short
backfalls the obliquity of those to the extreme left
will be somewhat embarrassing, and we shall
recommend the use of rollers for the six pallets to
the left as well as those to the right, especially since,
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as we shall show, the width of the roller-board will
not be materially increased thereby. ‘

The backfalls should be of oak or mahogany, and
the bridge of the same, or other hard wood. If the
bridge is not sufficiently strong and rigid, a dis-
agreeable and perceptible yielding of the whole
manual will take place when the player presses
down a chord. The backfalls, if parallel, or if only
at a moderate degree of obliquity, will oscillate
upon a single wire extending throughout the whole
range. This wire should be sunk in a score or
channel made with a V-tool before the notches of the
bridge are cut; and it should be held firmly down
by small cross slips of oak screwed with very fine
screws into the wood of the bridge between every
six or so of the backfalls., This is much better than
the common way of driving in little staples of wire,
which are apt to split the wood, and are not easily
extracted in case of repairs becoming necessary.
The small holes for such screws may be bored con-
veniently with a drill, revolving by means of the
Archimedean drill-stock, now sold in all tool-shops
for the use of fret-cutters.

Stickers may be quickly, easily, and neatly made
by a bead plane. Take a piece of three-eighth pine
board of -.the requisite length and dress it over.
Then, with a three-eighth bead plane, strike a bead
along one edge, reversing the board when cut half
through, and using the plane as before. A slender
wooden rod will be the result, which will only
require a little smoothing with glass-paper. To fit
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the wires into the ends of the stickers, mark the
centre of the rod with a punch or other suitable
pointed tool, and pierce a hole with a fine drill
revolving in the lathe. The wire may then be
driven down without fear of splitting the sticker
or of entering it obliquely and penetrating the side
of it.

For trackers we prefer round rods, made precisely
as above, but with a }-inch bead. If tapped wires .
are to be inserted in the ends of the trackers, it is
well to flatten the inserted end of the wire by
hammering it, that it may not turn round in the
wood when the button is afterwards applied. A
fine saw-cut is made in the end of the tracker, the
flattened part of the tapped wire inserted, and
strong red thread, well waxed, neatly tied round.
The ends thus whipped are sometimes varnished
with a red composition. But this is superfluous.

If flat trackers are unavoidable, they may be cut
from a three-eighth pine board with a gauge, armed
with a cutting-point instead of the usual scoring-pin.
A smoothing plane should be specially prepared
by fixing two slips of wood to its face. These
slips will prevent the plane from cutting anything
thinner than themselves. Then, the plane being
held firmly down upon the bench, an assistant,
walking backwards, draws the tracker beneath the
blade until it is reduced to the same thickness as
the slips, say 4 inch. The tapped wires will be
inserted and the ends whipped as before.

The squares shown in Fig. 28 are cut from thin

F3
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boards of oak or mahogany. Perhaps it will be
found less troublesome and laborious to make each
square of two distinct arms, halved together and
glued at the angle, or more effectually joined by
tenon and mortice. Metal squares can be bought
ready made, or they may be cut with shears from
brass plate. But we should use wood ourselves.

The rollers will be of pine or deal. They are
cut out and dressed up as square or rectangular
rods of the requisite length, but two of their sides
are afterwards rounded or curved. It follows from
this that when arranged side by side on their
board the curved sides may be nearly in contact.
As our rollers are short, three-quarters stuff will
suffice for them, but rods inch or more square
should be used when rollers have a length exceed-
ing 2 feet or 30 inches.

Iron roller-arms have some great advantages,
and they may be bought at a moderate price per
gross, neatly bushed at the holes to prevent a
rattling of metal against metal. But we ourselves
deliberately prefer arms of wood, involving, as
they do, much greater labour. If these are used,
they should be made of oak or other hard wood,
and let neatly into a little mortice in the flat side
of the roller. After they are glued in, the holes
may be pierced in each end of the roller to receive
the wires or pivots on which it revolves, and which
should be stout and rounded smoothly at the
external extremity. One of the reasons why we
prefer wooden arms is this, viz. that the pivot can

..
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be driven into or through the arm, which may thus
be at the extreme end of the roller; while if iron
arms are used a margin or surplus must be left at
each end of the roller to allow room for the inser-
tion of the pivot without interfering with the arm,
the screw of which passes through the axis of the
roller. But it is undeniable that iron arms abridge
labour and save time.

The studs in which- the pivots are supported are
also among the fittings which can be obtained
from the shops; but we have always made our own
of oak, turning the peg or shank in the lathe.
These studs must be bushed with cloth. Drill the
hole truly through the stud, using a borer much
larger than the pivot-wire. Cut a strip of red
cloth about ¢ inch in width. Point one end of it,
and draw it through the hole in the stud. It will
adapt itself to the circular hole, and will take the
form of a cloth pipe lining the hole, and effectually
preventing a rattling noise which would certainly
be heard in its absence.

The planning of a roller-board, so as to econo-
mise space as much as possible, is one of those
operations which call for forethought and inge-
nuity. The forms which it may assume are
numerous ; we shall indicate by one or two simple
diagrams some of the combinations of the fan-
frame with rollers which occur in ordinary practice.

Fig. 36 shows the usual way of carrying the
touch to the pallets on the right and left in the
common form of sound-board shown in Fig. 6. A
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set of backfalls is assumed as 77 sz under the
wind-chest, parallel to

each other as regards the

six pallets at each ex-
tremity, but fan-frame-

wise as regards the pallets

from Tenor C to the top.

A As the actual key-board
(disregarding its frame) is
about 2 feet 6 inches in
width, while the row of
pull-downs on which it
is to operate extends to
a length of 4 feet or
more, we see that there
will be an overhanging
margin or surplus of the
wind-chest on each side
of some g or more inches,
_ and it is probable. that
— all the pallets affected by

___: rollers will be included
— in these overhanging por-

|

Fig. 36.

1 l'll'llllll[J||I|I|llLlllll|||llh A G"mcc’

8  tions of the chest.

Take a piece of three-
quarters or five-eighths
board, the full length of
the wind-chest, and wide
enough for your twelve
rollers when placed as we

shall now direct. Dress it up, and give it two

———
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coats of priming. At its lower edge mark the
exact centres of the key-tails from end to end of
the key-board. At its upper edge mark the precise
centres of the tails of the twelve backfalls on which
the rollers are to act, fixing the board temporarily
so that precision may be secured. Along the two.
side margins of the board (which has been squared
up true) mark rows of dots at equal distances, say
1 inch or considerably less, according to the scant-
ling of your rollers, which may be placed as close
to each other as possible without actual contact
when made to revolve through a small arc on their
pivots. You have now all the da/s which you
require, and may draw pencil lines showing the
exact place of every stud on the board, the exact
length of every roller, and the exact spots on each
roller at which the arms must be inserted.

Fig. 36, in which x y is the key-board, the rollers
and stickers being represented by lines only, shows
that the longest roller, that of CC sharp, is placed
by itself at the top. This is done in order to enable
us to use a single stud, common to two rollers,
throughout the board until we come to the last,
which will stand alone. If the rollers of CC and of
its sharp were thus placed in a line, running into a
single stud, there would be hardly room enough
for the latter, as the arms would be in immediate-
contiguity. By giving the CC sharp roller a place
by itself, we get the following pairs: CC and DD
sharp; DD and FF; EE and G; FFsharp and A;
.G sharp and B natural; A sharp will have its own



110 ORGAN-BUILDING.

two studs. Thus we obtain a distance of fully
1§ inch between the centres of the contiguous arms
of these pairs of rollers ; and if iron arms are used,
there is room to drive in the pivot without meeting
with the interruption of the screw in the heart of
the wood.

‘When these measurements have been made, and
lines drawn in pencil or chalk, the holes for the
shanks of the studs may be bored, and the board
cleaned over and perhaps repainted. When the
work is complete, the cleanly planed rollers with
their neat studs on the dark background of the
board should present a pleasing appearance.

Sometimes the roller-board lies horizontally.
It is then usually called a roller-frame. Fig. 37 is

€ I__

Ay

a slight sketch showing how a roller-frame may
be united with squares in certain cases. ¢ & is a
key-board, acting by stickers on a set of squares, ,
arranged in a bridge. Jis another set of squares
in a longer bridge under the pull-downs of a chest,
. ¢ let us say that of the second manual in an instru-

.
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ment of considerable size, placed at the back of the
case, and possibly some feet from the player. fis
a roller-frame, transmitting the touch by trackers
to the extreme pallets right and left.

If economy of height is no object, however, the
roller-board will be placed between the squares &
and the chest ¢ in the usual vertical position, or it
may be above the keys.

Sometimes space is saved by inserting the roller-
arms on opposite sides of the rollers, cutting aper-
tures in the board through which one arm of each
pair may protrude. This plan may be regarded as
a compromise between the fan-frame and roller-
board, the latter doing duty as a set of backfalls.

This arrangement is sketched in Fig. 38. The
roller-board, g, is above the key-tails, which act by
stickers on arms
brought through ___J
openings in the |
board. The oppo- L

e

site arms, % %, in
front as usual, act
on the pull-downs

by trackers. We k
have adopted this \ L
planin a very small T yamy —
organ, and under Fig. 38.

the necessity of economising space as much as
possible, with complete success, although every
pallet had its roller, the fan-frame being entirely
absent.
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Rollers are often made of iron, especially in the
case of pedal movements, where space is not
abundant. It will easily be understood that iron
tubes of small calibre, plugged with wood at the
ends to receive the pivots, and having iron arms
screwed into drilled holes, would present no
serious difficulties to the workman, and might be
arranged upon a board little more than half the
size of that required by a set of rollers in wood.

‘We must not close this chapter without explain-
ing that the plantations of pipes sketched or
indicated in Figs. 8 and 9 may be contrived without
grooving by an arrangement involving no serious
difficulty or complication.

In Fig. 39, @ & ¢ is a sound-board shown in
section, divided internally into two unequal parts

a T T I T T T c

(

! .|
A Y

Fig. 30.

by a longitudinal bar at 4. The front part, 4,
nearest to the player, has 42 channels, and carries
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all the pipes from Tenor C upwards. The hinder
part has 12 channels only, and supplies the bass
octave. These two separate internal divisions will
have their pallets and springs as usual, and a single
wind-chest may include both sets of pallets, or two
wind-chests may be united by a short trunk, or
separate trunks may be fitted to each, at the dis-
cretion and convenience of the builder. We have
now only to adapt a set of backfalls in a fan-frame
to the front pallets, and a roller-board acting on
twelve parallel backfalls to the pallets of the bass
octave, and we have a very compact and sightly
arrangement of pipes without a single groove,
every pipe standing on its wind. If the back pipes
were these—Stopped Diapason, Bass, 4-feet tone,
and open Flute, wood, 4 feet; while the front
pipes comprised a Dulciana, Stopped Diapason,
and Principal, or some equivalent— this little
instruinent might be entirely satisfactory in all
respects.

We may add that this arrangement of a double
sound-board and wind-chest has been successfully
applied by the writer to an organ with two manuals.
The sound-board was about 5 feet 3 inches in
length. The front division had 84 channels,
viz. 42 for each of the two manuals from Tenor
C to top F; the hinder division had 24 channels,
viz. 12 for each manual bass octave. There were
practically eight stops, two of them grooved to each
other in the bass. Of this grooving, when there
are two manuals, we shall have something to say
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in a subsequent page. It is not quite so simple an
affair as the grooving already described.

When the key-board is in its place, the stickers
adjusted, and the keys levelled by attention to the
buttons on the tapped pull-downs, a heavy damper
or “thumping-board ” should be laid across the
key-board. In modern organs this is generally a
solid bar of lead, about } inch thick, and about
1} inch in width; it is covered with baize on its
under side, and a guide-pin, moving loosely in a
little vertical groove cut in the key-frame at each
end, keeps it in position. Our damper may be of
oak or mahogany, very straight and true, and
loaded with lead, run when fluid into cavities made
with a large centre-bit. The damper, lying upon
the keys, and supported by them, helps to keep
_ them level, and by receiving the blow or shock of
each key, as the finger leaves it, it prevents a
tapping noise which might be heard if the rising
keys were stopped only by the board of the key-
frame.

The descent or fall of the keys when pressed by
the fingers should not exceed } inch.



CHAPTER IX.
VOICING AND TUNING.

THE time has now come when we may bring our
little organ into musical order, and reap some of
the fruits of our toil.

If the processes described in previous chapters
have been steadily carried out, the instrument is
now complete (so far as the manual only is con-
cerned) with the exception of the draw-stop action,
which we intentionally reserve, and the external
case.

We shall insert here, therefore, a few pages on
voicing, the important and delicate operation by
which the correct speech and distinctive tone of
organ-pipes is imparted to them.

Let us warn the reader at once, and with
emphasis, that the process of voicing metal pipes
is so complex that a complete mastery of its
practical details is by no means uniformly at-
tained, even after years of steady practice under
skilled guidance. A very sensitive and educated
ear, a delicate sense of touch in the handling of
fine tools, and a thorough familiarity with the
tonal quality, or Zimbre, of the best examples of
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the many varieties ot pipes—these gifts are
essential to the successful voicer. Hence we
cannot counsel beginners to attempt the voicing of
metal pipes, unless they are fortunate enough to
find themselves in a position to obtain lessons
from some clever operator willing to give them,
or unless they can gain permission to attend at
some first-class factory, for the express purpose
of watching the pipe-makers and voicers at work.

We shall not be deterred, however, by these
considerations from describing, to the best of our
ability, the business of voicing and regulating an
ordinary metal pipe, pointing out specially, as we
go on, all that may be necessary for the removal
of defects and faults in pipes already voiced by
other hands. But we must acknowledge our own
obligations to the little treatise on voicing and
tuning mentioned in the preface to this work.
Those who obtain and peruse this thoroughly
practical little tract will find all the information
which they can require.

Figs. 40, 41 show the well-known forms of metal
organ-pipes as seen in the Open Diapason, Prin-
cipal, &c. Figs. 42, 43 give details. The languid,
Fig. 42, is a little enlarged. It will be seen that
the essential features of wooden pipes have their
counterpart in those of metal—the language, or
languid, answering to the wooden block, the
conical termination to the wooden pipe-foot,
the cylindrical body to the rectangular -wooden
tube.
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We have never made any metal pipes ourselves,
and we doubt if our readers will do well to embark
upon an undertaking requiring special “plant”
and appliances in a separate workshop, and call-
ing for great dexterity and neatness in a class of

operations familiar only to trained artisans. For -

the information, however, =

of those who choose to r:z

make the experiment, we

may explain that the

metal sheets from which @
the pipes are made are Fig. 4x:

thus produced :—

“The ingredients (viz.
tin and lead in various
proportions) are melted
together in a copper and
then cast into sheets, a
process effected by pour-
ing it in a molten state
into a wooden trough, and
running thetroughrapidly
along a bench faced with Figre  Figar
tick. The metal escapes from the trough through a
narrow horizontal opening at the back, leaving a
layer of metal behind it as it proceeds; and the
wider the cutting is, of course the thicker will be the
sheet of metal produced. After being cast to an
approximate thickness, the metal is planed down
to the precise thickness required. It is then cut
into portions of the shape necessary to give to

Fig. 43.

R —
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the pipes the required size and form, and is thus
finally worked up.”*

The three parts which compose the pipe are first
separately prepared. The sheet of metal is rolled
round a wooden cylinder or cone, called a mandrel,
and the edges are soldered together. The extreme
neatness of this soldered joint is secured by smear-
ing the metal with composition, which is scraped
off at that part only which is to retain the solder;
but a steady hand, and long familiarity with the
manipulation of the heated copper tool and with
the properties of soft solder, are absolutely essen-
tial to success.

At the lower part of the body thus soldered, the
mouth is formed by flattening a portion of the
cylinder and by cutting away a horizontal slip of
the metal. The width of the mouth is to be in all
cases a quarter of the circumference of the pipe.
In the case of large pipes the mouth is formed by
cutting away a piece of metal of considerable size,
and replacing it by a sheet called the “leaf,” hav-
ing the mouth cut on its lower edge.

The foot is formed in a similar manner, and has
a flattened portion corresponding to that of the
body.

The language, or languid, is a circular disc of
much thicker stuff, bevelled off round its peri-
phery, which is altered into a straight line at that
portion which will lie beneath the mouth when the
pipe is complete.

* Hopkins and Rimbault, p. 76.
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The three component parts are thus worked
together. '

The languid is placed on the wide opening of the
foot, and the windway formed by leaving a narrow
slit between the straight edge of the languid and
the flattened lip of the foot. The two are then
neatly soldered together. The body is then sol-
dered to the foot, care being taken to adjust the
mouth exactly opposite to the windway.

The larger pipes have ears, namely, rectangular
pieces of metal soldered on each side of the
mouth.

Thus completed and cleaned over, the pipes are
handed to the voicer.

It will be remembered that we left a wooden
pipe, similarly put together but unvoiced, in an
earlier portion of this book. We have now to
explain that both classes of pipes pass through a
similar or analogous course of treatment at the
hands of the voicer.

‘With small metal tools, called notchers, of which
he has four or five, he cuts a row of nicks in the
straight edge of the languid, causing it to resemble
somewhat the edge of a saw. These nicks or
notches, coarse or fine, close together or at rarer
intervals, as the case may be, conduct the sheet of
wind from the foot-hole against the upper lip of
the mouth, and influence to a most important
extent the character of the tone.

In a similar way, and using a file ground to a
saw-like edge, the operator on a wooden pipe cuts
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nicks in the slightly bevelled upper edge of the block,

and continues or prolongs these notches obliquely

_across the front of the block, letting
them die away or come to nothing at
their extremity. Fig. 44 shows the
front of a block thus treated.

The art of the voicer, however, is by
no means expended upon this notching
of the languids and blocks. It extends
to the accurate and nice adjustment of

Fig4¢  the height of the mouth, the aperture of
the foot-hole, and the width of the windway. All
these will bear strict proportion to the scale or
size of the body of the pipe, and to the weight or
pressure of the wind.

It will be seen, therefore, that the tone, quality,
or &imbre of an organ-pipe, and therefore of a
“stop ” or set of organ-pipes, depends upon skilled
attention to at least six distinct considerations,
viz.:—

. Scale of pipe.

. Height of mouth.
Diameter of foot-hole.
. ' Width of windway.

e. Character of notching.
J- Weight of wind.

O >n

It is the thorough mastery of the art of manipu-
lating pipes, with all these essential points kept
in view, which enables the voicer to produce the
exquisite contrasts of tone heard in good organs
between the tranquil Dulciana and the delicate
Salcional ; between the Violin Diapason and the
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Gamba ; between the Keraulophon and the Viola,
as variously constructed ; between the fluty-toned
stops, of wood or of metal, to which various names
have been given: and the full chorus or combined
power of a large instrument will be majestic, im-
posing, and dignified, or, on the other hand, shrill,
harsh, and unpleasing (quality of materials being
assumed to be similar), in proportion to the skill,
taste, and judgment with which it is finally voiced
and regulated.

‘We have said enough, perhaps, to justify our
advice that metal pipes be procured in a finished
condition from competent makers.

Our little organ contains two metal stops, viz. a
Dulciana (or a small Open Diapason) from Tenor C
to f in alt, and a Principal of 4 feet throughout.
Each of these, made of good metal, should cost
£6 or £7. Cheap pipes mean inferior metal, and
this we cannot recommend in any organ, great or
small. The nearer the approach made to pure tin
the better (other essential points being assumed)
will be the quality of the tone.

In ordering the pipes, the weight or pressure of
wind on which they are to speak must be carefully
specified. This may be easily ascertained by using
a wind-gauge, a little instrument which we sketch
in its simplest form in Fig. 45. It consists of a
glass tube, bent as. shown in the figure (this can
be done at any glass-blower’s or optician’s), and
having its lower end inserted in a wooden pipe-
foot. Planting the gauge on any hole of full size

G
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in any part of the sound-board, we pour a little
water into the bent part or dip of the gauge. On
blowing the bellows steadily, and depress-
ing the key on the manual corresponding
to the groove on which the gauge is placed,
the water will be depressed in the inner
column, and will rise in the outer. By
adjusting the weights on the bellows we
may make this difference in the levels of
the two columns greater or less as we
please. In our organ we shall have a
“2-inch wind;” that is to say, we shall
load the bellows so that the gauge may

Fig.4> indicate a difference of 2 inches between
the two columns.

We may note here that about 7 lbs. per square
foot of surface of top-board will be required to give
this pressure. Pieces of old cast iron about an
inch thick may be procured at any foundry, and
form the most suitable material for weights.

The voicer having worked to a 2-inch wind, it
is probable that when the new metal pipes are
planted in their places they will speak with
charming evenness and truth. If some or any of
them, however, betray some defects, it will be well
not to meddle with them until we have satisfied
ourselves that the fault does not belong to our own
mechanism. If, for instance, one pipe should be
softer or less prompt and clear than the others, let
us be sure that the flow of wind to that pipe is not
interrupted or throttled by a chip in the wind-hole
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or (if there is conveyancing) in the channel. This
will be ascertained by planting the pipe for the
moment on some other groove than its own. If the
holes and channels are all clear, and the pallet is
opened freely by the key, the fault must be in the
pipe. This may have suffered some little injury in
the packing case, ¢.g. the lower lip may have
been nipped too close to the edge of the languid,
thus reducing the width of the windway. This
may be carefully rectified with the flat blade of a
common table-knife, or similar object. Or the
languid itself may have been bent or depressed by
the weight of another pipe, packed within it to save
room in the case. If this is so, the languid must
be carefully pushed back to the level by a stout
wire or rod inserted through the foot-hole. If the
wupper lip has been pressed inwards, we must
counsel the utmost care in bringing it back to its
position. The pipe should be sent back to the
maker if the distortion is serious or considerable.
If it is slight we may rectify it by passing a slip of
iron bent into the shape of the letter L through the
mouth, and thus pulling forward the whole of the
lower par of the “leaf,”” preserving its regular
slope as before. If the mouth, lips, and languid
are all right, it is possible that by some accident -
the size of the foot-hole has been reduced. It may
be cautiously enlarged with a penknife or with a
broach; and if under other circumstances the foot-
hole requires reduction, this may be done by gently
rapping or hammering the metal round the aperture
G 2
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with the flat side of a chisel. The builders have a
heavy brass cone for effecting this reduction called
a “knocking-up cup.” Similar brass cones, we may
here add, are used in tuning. They are expensive,
however.

All that we have said of possible defects in metal
pipes applies, multatss mutandss, to wooden pipes;
and as we make these ourselves we may deal more
boldly with them.

An unvoiced wooden pipe will generally emit a

chirp or whistle before its note. The nicking of -

the block will remove this, but if we overdo this
nicking we shall hear a huskiness or buzzing
equally or more disagreeable. This husky quality
may also be due to a too wide windway ; in this
case, remove the cap and rub the inside face of it on
a sheet of glass-paper pinned down upon a board,
or plane off the inside face and file the windway
anew. If the mouth has been cut too high, there
may be nothing for it but to take off the front board
and remake the pipe. If the pipe, in other respects
good, is too loud, plug the foot-hole with neat flat
plugs. If it is too soft, the pipe-foot may have
been imperfectly bored, or may be defective in
some way, or chips may have been left in the throat
of the pipe. Ill-fitting stoppers are a fruitful source
of defects in wooden stopped pipes. Refit them in
every case of doubt, and leave no room for mis-
givings as to the soundness of the joints of the pipe
near the top.

‘We must point out to our readers that strength,

e—
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sonority, or power must on no account be expected
from wooden pipes. A tone utterly harsh and
intolerable will be the result of over-blowing the
Stopped Diapason or Flute, stops of which the
characteristic quality should only be tranquil sweet-
ness and softness. The flute of 4-feet tone, espe-
cially, cannot be too delicate, and in its upper
octave great patience will be requisite in the ad-
justment of the tiny mouths and windways to
prevent shrillness.

These remarks apply also to our fifth stop, which
we have been content hitherto to call simply
« Fifteenth” 2-feet. The Fifteenth proper is a
metal stop of strong shrill quality, having its value
in large instruments, where it is balanced by other
stops in affinity with it. Such a stop would be
quite unsuitable to our little organ. If we are to
have a 2-feet stop at all, it should be a “ Flageolet”
or “ Flautina,” an echo, in fact, of the 4-feet Flute.
This may be successfully made by diligent opera-
tors in wood, the lower part stopped, the upper
part open. The professional voicers produce the
fluty quality from ordinary metal Fifteenths by
peculiar treatment of the mouth. Inforeign organs
such stops are generally or often of conical form,
the narrow aperture at the top. These stops (which
may also be of 4-feet or 8-feet pitch) usually bear
the names “ Gems-horn” or “ Spitz-flute.”

We may dismiss the subject of Tuning with a
very few remarks. The general principles of Tem-
perament—that is to say, of the compromise or
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adaptation requisite in the modern scale of an
octave containing twelve semitones—are not pecu~
liar to organs, and may be studied in any treatise.
Mr. Hopkins exhausts the subject in a very inter-
esting chapter of his great work. Our useful little
tract on voicing gives all needful information. A
sensible and practical pamphlet on the same sub-
ject has been published by Mr. Hemstock, organist
of Diss.

You will begin with Regulation, that is, with
equalising the power or strength of the pipes com-
posing each stop. DBestow every care on this,
especially in the upper ranges of the small wooden
pipes. The pleasing effect of the organ will
greatly depend upon success in this operation.

‘When satisfied on this point, tune your wooden
pipes to the metal Principal, which has been sent
from the maker’s ready tuned and voiced. After
this rough approximation to absolute correctness,
go over the whole organ with great deliberation
and care, following the rules given in the works
which we have cited, or in any one of them. A
second or third tuning may be requisite before a
sensitive ear is quite satisfied.

Cones and cups of boxwood, or made of sheet
copper with brazed seams, may be used in the
absence of the expensive cast-brass articles.



CHAPTER X.
THE DRAW-STOPS.

WE have provided no means as yet for bringing
the sliders under the control of the player. The
mechanism by which this will be effected must
depend upon our plans for the case and book-
board.

Method 1.—As we have only five stops we may
have resolved to arrangethe knobs in a horizontal
row above the key-board, and below the edge of
the book. We shall soon see that this arrange-
ment will result in much convenience and sim-
plicity.

The ends of the sliders project at each end 2 or
3 inches beyond the margin of the sound-board.
To the cheek of the wind-chest, below these pro-
jecting ends, will be screwed a stout balk of oak
or mahogany (say 2} inches square), constituting
a bridge, and having stout levers, after the manner
of backfalls, working in notches. These levers
should be of oak, birch, or other hard wood, at
least } or- £ inch in thickness, and not less than
2 inches wide; and the pins on which they
work should be very stout, say # inch in dia-
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meter, and should be held down in their places by
slips of hard wood firmly screwed down to the
bridge. All this is
sufficiently shown
in Fig. 46, and it
will be quite plain
to the comprehen-
sion of everyreader
that these levers
(like  backfalls)
may be askew to the straight line of the bridge, so
that while their upper ends spread out to reach the
sliders, their lower extremities may be brought
into any position convenient of access.

The arms of these levers will of course be of
unequal lengths. About 2 inches, or a trifle more,
will be found a sufficient and agreeable play for
the draw-stops. If the sliders have a play of 1
inch only, it is clear that the lower arm of the
levers must be twice the length of the upper arm.
At any rate the adjustment of the play of the
draw-stops to that of the sliders should be made in
fitting these levers, and not in any other part of
the mechanism. The upper end of the lever,
shaped into a tenon or tongue, will enter a square
aperture in the end of the slider, and the edges of
this aperture should be bevelled, in order that the
lever may bear equally upon it in all positions.
Rub the end of the lever with blacklead, and use
this wherever there is friction of wood against
wood.
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The levers being fitted, three at one end and two
at the other, or all the five at the same end, as may
best suit the position of the wind-trunk, the form
of the frame, and other considerations, it will be
easy to connect them with the draw-stops by means
of squares or bell-cranks.

Fig. 47 shows these squares or bell-cranks ar-
ranged upon a board which is screwed upon the
key-frame. They may be cut out of sheet iron' or
may be made of oak, thé arms halved together or
joined by tenon and mortice. They should work
upon a strong pin of iron or brass, and a small

)

.‘ N_"

Fig-. 47.

block underneath each square lifts it above the
level of the board. A trace, or light rod of pine,
1 inch or % square, notched at one end to receive
the arm of the crank, and at the other to catch
the end of the lever, is connected with each by
a pin of iron or brass, and blacklead is used as
before.

The draw-stops are generally turned and polished
for a few inches at the end which appears in sight,
and which carries the knob, and it is usual to line
the holes through which this turned and polished
part protrudes with scarlet or other cloth. The

G3
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tails of these draw-bars, left square, should work in
guides cut in a vertical piece at the back, or other-
wise arranged to ensure parallel movement. A
short slip of hard wood or of metal connects each
draw-bar with its bell-crank. The action of this
mechanism must not be considered satisfactory
unless each stop operates with ease and exactness,
and without any sense of elasticity or unequal
resistance.

The knobs will be easily fashioned, from a good
pattern, by any turner possessing a light lathe;
nor is it difficult to engrave the names on the ivory
faces. A convenient tool for this latter purpose
- may be made by grinding down the end of a small
triangular file. But the engraver’s “burin” may
be bought at the tool-shops. The knobs will not
be glued into the ends of the draw-bars until all is
complete, that the engraved titles may be rightly
adjusted at a true level.

Method 2.—1If it is preferred to place the draw-
stops to the right and left of the player, as in large
organs, we shall have the bridges and levers as
before. The draw-bars will run through guides at
the back, fixed to some part of the frame, and their
polished ends will be brought through lined holes
in the cheeks of the case, fitted according to taste.
The connection of these horizontal draw-bars with
the vertical levers will be effected by squares or
bell-cranks of a form known as “trundles.” We
give a representation of one of these in Fig. 48,
where ¢ is the slider, 4 the lever acting upon it,



THE DRAW-STOPS. 131

¢ the trace connecting it with 2, an arm of the
trundle ¢ /. This trundle should be of oak, birch,
or other hard wood; it has
pins at each end, which are “
received into holes bored in
bearersarranged accordingly,
and not shown in the figure,
or in the frame itself of the
organ. (It is well to char
these holes.) The trundles
. are of course placed parallel
to each other in a row, and
the second arm of each
- trundle will be inserted at the
level answering to the posi- _
tion of the draw-bar. In Fig. 48
the cut g 4 is this second arm and draw-bar.

The trundles are easily made of iron, and with
manifest increase of strength and neatness. We
have used gas-pipe for this purposef 4 inch in
external diameter. The arms made from iron slips,
4 inch wide and } thick, were brought to a round
pin at one end in the lathe. This round pin passes
through a hole drilled through the trundle (whether
tubular or solid), fitting it tightly, and the pro-
jecting end is spread out with a riveting hammer.
All this may be done cold, but still more effectually
with the aid of a forge. The ends of the trundle
will be received in charred holes in bearers as
before, using tallow as a lubricator; or if tube is
adopted, brass or iron pins may be jammed into
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the ends of the tube, and trued up in the lathe.
All such iron-work, introduced here or elsewhere
in the organ, may be painted over with the com-
position known as “Brunswick black varnish,”
which will prevent rust. The holes in the arms, to
receive the pins of the traces and draw-bars, will be
drilled with ease in the ever-handy lathe, or with a
bow and breast-plate, or by any blacksmith.
Method 3.—In small organs, with short sound-
boards, the iron trundles may be made to act at
once upon the sliders, without the intervention of
q the levers and bridge.

)
| ‘When this is done
%—

the upper arm of the
trundle will be quite
at its top, and will be
sloped or bentupwards
as shown in Fig. 49.
Fig. 40. Near its end will be a
short and strong pin, which will enter a little slot
or oblong hole in the slider. The trundle will
revolve in a wooden collar screwed to the cheek of
the wind-chest, and at its base in a hole in a bearer
or in the organ-frame as before. The draw-bar will
act directly upon the lower arm of the trundle, and
the lengths of the two arms must be proportioned
to each other, so as to compensate for the difference
between the play of the slider and that of the
draw-stop.
Cases of peculiar construction may be easily
imagined, in which two sets of trundles may be-
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come necessary, communicating with each other
by long traces. In some other cases the trundles
may be horizontally placed, like a roller-frame, and
common squares may act upon the sliders; with
upright traces connecting them with the arms of
the horizontal trundles; while combinations of
these various plans will suggest themselves to the
inventive reader to meet possible exigencies of
position or arrangement.

Method 4.—~We may still further explain that
trundles may be discarded by fixing common
squares or bell-cranks upon steps or stages cut on
the edge of a piece of thick plank, screwed to the
organ-frame, the steps or stages corresponding to
the levels of the draw-stops as arranged in the
cheeks or jambs of the organ. The draw-bars will
act directly on these squares, which will transmit
the movement to the levers by traces; but in this
case it is plain that the levers will be of varying
lengths, and must be provided with separate
bridges, in order that the proper relation may be
maintained between the play of the several parts.
This plan has much to recommend it.

‘We have entered at some length into the subject
of the draw-stop action, because much of the com-
fort of the player depends upon its efficiency. The
arrangement to be adopted should be well con-
sidered, and the plans for it matured at an early
stage of the work. All the pins used should fit
accurately, and it is well that means should be
taken to prevent the dropping or working out of
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these pins. A very neat way of guarding against
this common accident is to reduce a small portion
of the end of the pin with a file or in the lathe, and
to cut a screw-thread upon this reduced portion; a
leather button will then render failure impossible.
The other end of the pin is uSually bent down at
a right angle.

Composition pedals, for drawing and shutting off
the stops in groups by the foot, are not wanted in
so small an organ as ours, and we need not describe
them.

’



CHAPTER XI.
PEDALS.

WE have hitherto said nothing of pedals. What
we shall now say will not occupy much of our
remaining space.

We have to fit our little organ with a set of
pedals pulling down the bass keys of the manual,
but commanding no separate pipes of their own.

What is to be their compass? On this we have
to remark that when an organ is intended for the
practising of a student or professional musician, or
for the performance by any player whatever of
genuine organ music, the full compass of thirty
notes, C to f, is quite essential. On this point no
room must be left for misconception. But small
organs, designed for humble and unambitious
players, or for the accompaniment of voices in a
room or in a village church, may be fitted with
pedal-boards shorter by a whole octave than this
complete or full compass. A range of seventeen
notes, C to e, will certainly suffice for the ordinary
practice of the great majority of persons who are
at all likely to sit down to our little organ.

Observe, however, that this curtailed pedal-board
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must be placed in the same position relatively to
the key-board which would be occupied by one of
full range. In other words, it must 7of be located,
for appearance sake, in the middle of the case, but
must be pushed away to the left of the player,
leaving a blank space on the floor to the right.
If this were overlooked, it is plain that a player
accustomed to the imperfect pedals would be utterly
at fault when introduced to an instrument of higher
character.

An excellent rule on this subject has been laid
down by Mr. Hopkins, whose opinion in such
matters is judicial. It is this:—To place the central
C of the pedals—the thirteenth note, commencing
from the left—directly underneath the middle C of
the manual. If this rule be observed, the foot will
-easily find all the notes of the lower octave, whether
the compass be complete or curtailed ; and we must
leave to our readers to decide upon the range of their
pedal-board after a due consideration of circum-
stances. Seventeen notes (an octave and a third)
must be taken as a minimum ; twenty notes (octave
and a half) and twenty-five notes (two octaves) are
alternatives still falling short of the full compass
of thirty notes necessary for ‘the practice of the
preludes and fugues of Bach and other great
masters.

The pedals should be made of oak, and should
be from 18 to 20 inches in length, 1 inch wide or
thick, and at least 1} or 2 inches in depth. The
sharps, or short keys, should be about 5 inches in

et
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length, but they are glued or otherwise fastened
upon strips of oak as long as the other pedals.
The front or near end of the sharps should stand
up about 1 inch above the level of the naturals;
from this point they may slope up to 1§ inch. The
long tails or bearers of the sharps must be sunk
_ about 1 inch below the level of the naturals, in

order that they may not be touched by the foot.
The fore-end of the sharps will be well rounded
off, and the upper edge of all the pedal keys will
be made slightly convex. Lastly, the distance
between the centres of any two adjoining naturals
may be 24 inches precisely. Of course an empty
space or gap will appear between E and F and
between B and C in each octave, as those intervals
have no intervening short key.

‘We have found the following arrangements con-
venient and satisfactory. Make the pedal-frame
of stout oak ; the back bar, behind the heels of the
player, a balk 3 inches or more by 2 inches. The
fore end of the frame under the organ-panel is
formed by an upper and a lower bar, between
which strong round pins of oak are placed, making
a rack through which the ends of the pedals pro-
trude an inch or twa. These protruding ends,
where they pass through the rack, are muffled with
clath to prevent rattling, and each pedal descends
upon a small pad of vulcanised india-rubber, and is
met by a similar pad under the upper bar when it
recovers its position. If this is properly managed
the movement will be quite noiseless,
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The builders commonly use a spring, screwed at
one end to the under part of each pedal, and press-
ing at the other extremity upon a board or bar; or,
on the other hand, the springs are screwed to this
board or bar and press against the under sides of
the pedals. In this case the tail of the pedal key,
out of sight under the back bar of the frame, works
upon a pin passing into a mortice.

We ourselves, however, have long used a spring
which serves both for spring and for hinge. Itis a
simple slip of steel, 54 inches long, § inch wide, and
T inch thick, having two holes near the one end,
and one hole near the other. This latter is screwed
firmly down to the back bar of the frame, which,
as we have already explained, is a balk 3 inches
by 2. The fore end of the spring is screwed by its
two holes to the under side of the tails of the
natural keys (cut away to receive it), and to the
upper side of the tails of the sharp keys. Or, the
spring may be quite concealed from view by being
let into a saw-cut in the tails of all the pedals.  We
have found this plan perfectly effectual, and we
strongly recommend it to our readers. The springs
can be made by any smith for twopence or three-
pence each. Their strength or resistance can be
easily regulated by screwing them, not to the plane
surface of the back balk, but within grooves cut
in it, } inch deep at the back, diminishing to
nothing in front. A few turns of the screw (which
should be well greased with tallow), by lowering
the tail of the spring, will bring on it a strain or
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tension which enables us to adjust with accuracy
the resistance of each pedal to the pressure of
the foot.

The pedal-board should be laid upon the floor so
that the distance between the upper surface of the
pedal natural keys and the upper surface of the
manual natural keys may be 28 inches.

The manual should overhang the pedal-board so
that the front of its sharps may be just over the
front of the pedal-sharps.

The seat of the player, to correspond with these
arrangements, should be 22 inches above the
pedals. The dip, or fall, of the pedals, under the
foot of the player, need not exceed £ inch, or at
most £ inch, where they pass through the rack.

The connection between the pedals and keys
will be by backfalls, working in a strong bridge
secured to the frame below the key-board. These
may be parallel, in which case a roller-board will
be requisite, or disposed as a fan-frame. The
hinder end of each backfall has a tapped wire
passing through a hole in it, and carrying a button
on its top, muffled with a disc of cloth or baize.
The lower end of the wire underneath the backfall
is bent into a ring, so as to be easily turned round
by the finger and thumb. These adjustable but-
tons push up the tails of the keys when the fore
ends of the backfalls are drawn down by trackers
connecting them with the pedals. The eyes or
rings on the pedals, to which these trackers are
hooked, should be bushed, and great care should
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be taken to secure noiseless action in every
part.

The pedal-board is usually secured to the floor
by a couple of screws passing through the side
cheeks. But it is sometimes convenient, espe-

t| cially in small rooms, to make it removable at

" | pleasure. This can be easily done by fitting a set

v | of false or dwarf pedals, about 6 inches in length,
in a bridge spaced to correspond with the keys of
the pedal-board, and screwed to the floor under
the organ. These false pedals are practically short
backfalls, turning on a wire near their hinder end,
and having the trackers hooked to them an inch or
two from their fore end ; and some simple form.of
spring should be placed under each. Then we
have only to adjust matters so that the protruding
ends of the organ-pedals may rest upon the fore
ends of these false pedals, either or both of them
being leathered or otherwise muffled at the point
of contact, and it is plain that the pressure of the
foot on any pedal will pull down the manual key
as before. Two iron pins should be fitted to the
pedal frame, going into holes in brass or iron
plates screwed to the floor. These guide-pins will
insure instantaneous fitting of the pedal-board at
any time.



CHAPTER XIIL
TWO-MANUAL ORGANS.

THIS treatise must not close without some reference
to organ work of a more advanced kind than that
which we have taken as the groundwork or medium
of our hints on this subject.

Some of our readers may very naturally wish to
understand the construction of an organ with two
or more manuals and a pedal with separate pipes;
and this implies a description of coupling move-
ments and of the swell-box and its appliances.

In the first place, let us remark that as the swell-
organ is a modern invention, innumerable examples
of organs with more than one manual and with
numerous stops, but entirely without the swell,
were in existence in England up to a recent period,
and are still to be found in every part of the con-
tinent of Europe. A great number of the most
renowned organs of Germany and of Holland,
organs furnished with four manuals and an
immense aggregate of pipes, are without the swell
to this day.

This is not the place to discuss the question
whether the introduction of the swell, as the second
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division of an organ with only two manuals, has
- been an unmixed advantage, and whether it has or
has not tended to raise the standard of organ music
and organ-playing in England. But some few
musicians may agree with the present writer that
it is quite possible to sacrifice sound principles of
organ-building to the prevailing worship of the
pretty and fanciful effects of the swell, and may
even go so far as to regret, with him, the superses-
sion of the old “choir organ,” with its sweet tran-
quil tone and quiet cheerful brightness. We our-
selves make no secret of our wish that in the design
and erection of organs with only two manuals, the
second manual should act upon a choir organ,
while the swell should be reserved for those in-
struments in which a third manual is introduced.
But we are quite aware that these views will be
received with derision by a great majority of
.persons, who have become accustomed to the con-
stant use of the swell and of the pedal Bourdons
which characterizes the playing of many English
organists on modern English organs.

Quite apart, however, from these views, which
must be taken for what they are worth, there are
reasons why any reader, resolving from the first
to construct a small organ with two manuals for
chamber use, will do well to resist the temptation
to introduce the swell. These reasons will become
apparent if we sketch out one or two plans for such
chamber organs, and we should only occupy space
needlessly by stating them in advance.
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Resolving, then, to indulge ourselves with two
manuals, but compelled to be economical of space
and of pecuniary outlay, we decide at once to plant
all the pipes, belonging to both manuals alike,
upon a single sound-board, and by the system of
borrowing to avoid the reduplication of large pipes
in the bass octave.

" To our original design of five stops on a single
manual, let us suppose that we have added three,
played by a second key-board. We must assume
that the five stops belonging to the first manual (the
lower), will be all throughout, and may be some-
thing like this, viz.: an open Diapason with wood
bass octave; a Clarabella, with stopped bass octave;
a Principal, Flute, and 2-feet stop as before. Then
the second or upper manual should have some such
stops as these : Stopped Diapason, the bass octave
borrowed from that of the Clarabella ; Dulciana to
Tenor C; Gems-horn, or some other light 4-feet
stop, the bass octave borrowed from that of the
Flute or Principal.

As the sound-board will have two grooves for
each note throughout its whole extent, namely
108 grooves if the manuals are of the usual com-
pass, its length might be unwieldy and incon-
venient, ill adapted to the size of ordinary rooms.
‘We must strongly recommend, therefore, that the
arrangement shown in Fig. 39 (see p. 112) be
adopted. On the front portion, 4 ¢, containing
eighty-four grooves, and carrying eight sliders, all
the stops from Tenor C to top F may be planted.
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On the back portion, a 4, which will have twenty-
four grooves only, all the bass pipes will be placed,
unless, indeed, we assume that the large open
8-feet pipes are conveyanced off. This back portion
will carry one slider for this open bass, one for
each of the 4-feet and 2-feet stops, and two pairs of
twin sliders, placed close together, for the borrowed
stopped bass and borrowed 4-feet bass.

Our readers may feel confidence in the direc-
tions now given if we say that we are describing
an organ built by ourselves and now in our pos-
session.* The sound-board, admitting of eighty-
four grooves in its front division, is § feet 3 inches
long, and its seven sliders (we have no stop-
ped Flute), with the bearers, occupy a width of
16 inches; but the 4-feet octave of the Open Dia-
pason, and six pipes of the Dulciana, are brought
into sight as a “speaking front,” and therefore fill
no space on the board itself. The back part of the
board, with four sliders (two of them twin), has
also a width of about 16 inches, our large open
wood bass being on a board at a lower level, as
in Fig. 10. Thus the whole board, carrying prac-
tically eight stops (one of our stops is of two ranks,
viz. a Twelfth and Fifteenth) throughout, is 5 feet
3 inches long and 32 inches wide.

‘We hope we have said quite enough in former
pages of roller boards and backfalls to enable any
intelligent reader to devise for himself the double
action of such an organ. An inspection of Figs.

* This organ is sketched in the frontispiece,
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37> 38, and 39 may suggest ideas to him. An
essential point is that everything should be within
reach if defects should require attention; and access
to the back as well as to the front of such an organ
is indispensable.

A word about the borrowing. It is plainly not
enough to groove the two channels of each note to-
gether in the bass, as in the case of a single manual.
If this were done the wind would fill the whole of
the two channels upon lowering a key in the bass
octave of either manual, and a// tke stups of which
the sliders happened to be drawn at the time would
speak together. Thus our purpose of borrowing
one particular stop would be defeated. We must
effect it thus: the twin sliders will be closely con-
tiguous, and will only be separated by short pins
of brass or iron let into the table, to prevent the
friction of actual contact. Thus the two holes
which are to be brought into connection are near
ta each other, and the communicating groove will
he short. If this is cut in the upper board itself it
must be neatly executed, and the bottom of the
_groove must be level and smooth. Over each of
the two holes within the groove so cut must
be placed a valve, consisting of a small piece
of pallet leather covering the hole completely,
and rising with complete freedom by a hinge
along its edge, like the clacks of the bellows.
Each pair of holes being furnished with these
valves the grooves are roofed in and the pipes
planted, as described in earlier pages of this book.

H
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On lowering one of the keys the wind will affect the
borrowed pipe only, since the little valve will stop
the twin hole and prevent the flow of air through
it into the channel. If the key corresponding to
the same note be pressed down.on both manuals,
then both the little valves will be blown open by the
wind ; but if all the channels, grooves, and holes
be of ample size, so that there is no throttling of the
wind, the speech of the pipe will be entirely un-
altered, since it will only receive a given guant:ty
of wind through the perforation in its foot, and this
wind will be of the same weight or pressure as
before.

The borrowing grooves may be cut in the under
surface of a separate board, which will then form
a roof or cover to the several pairs of valves
arranged over the holes on the upper surface of
the sound-board itself. Or this borrowing-board
may be put together with bars, cheeks, and an
~ upper table like a light sound-board. The essen-
tial point is that all the openings be of ample size,
and that the valves fly open widely at the slightest
breath of wind, and close the holes as promptly
when the wind is withdrawn. If due attention is
given to all this no failure need be anticipated:
with the borrowed basses. )

We have proposed the lower key-board as
¢“Manual I.,” in accordance with the German usage,
and because that arrangement will facilitate some
of our mechanism, for instance, the pulling down
by the pedals of the bass notes. But lovers of
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old English organs, among whom we must reckon
ourselves, may prefer to make Manual I. the upper
manual of the two. A beautiful instrument of this
class, built by the late J. C. Bishop, stands in the
chapel of Jesus College, Cambridge, and was the
gift of an accomplished amateur, whose perform-
ances on it are still remembered.* The same
gentleman was the possessor of a chamber organ
of exquisite tone by Bernhard Schmidt, of such
remarkable composition that it merits description
here. Thelower manual, or Choir, had three stops,
an Open Diapason, a Stopped Diapason, and a
Principal, all made of oak, and of extreme delicacy
and beauty. The upper manual, or Great, had
likewise three stops, all metal, namely, Stopped
Flute, Fifteenth, and Mixture of two ranks (19th
and 22nd in the bass, 12th and 17th in the treble).
The Stopped Diapason could also be played upon
this manual by borrowing. A coupler united the
lower to the upper at pleasure, and then the * Full
Organ” was produced upon the upper manual
with an astonishing effect of sprightliness and
brightness. Such an organ as this, with some
changes (its key-boards were very antiquated, and
so high from the ground that the player was
perforce erect), might afford an admirable model
for imitation. ’

Let us add that if pedal notes of 16-feet tone are

® The late Sir John Sutton, Bart., author of ¢ A Short Account of
Organs built in England from the Reign of King Charles II. to the
Present Time.” Masters, 1847.

H2
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added to an organ of this class, namely of two
manuals, Great and Choir, only twelve large pipes
will be necessary, even though the compass of the
pedal-board be of thirty notes complete. This
great economy of space and outlay will be secured
thus: 1st, by making the pedals pull down on the
chief manual throughout their whole extent as
before; 2nd, by adapting the twelve deep pipes to
the lower octave of the pedals, and by making
their upper octave and a half pull down upon the
lowest keys of the second manual. A moment’s
reflection will show that the 16-feet tone is thus
obtained throughout the whole compass, and no
inconvenience whatever will ensue to the player.

The mode of introducing the large bass pipes,
and of pulling down as above, will be described
before we conclude this work.

Still desiring to erect a chamber organ, and,
therefore, to be chary of space and cost, we must
now show how the swell-box may be included in
our design.

We shall suppose that the organ has been
completed so far as the lower manual is concerned,
with all that pertains to it, according to the rules
which have now been given at length and in
detail. In laying it out we must assume that care
has been taken to give increased size to the
bellows, and to arrange the frame for the reception
of a second sound-board.

We feel it due as well to our readers as to our-
selves to explain that we confine ourselves in all



TWO-MANUAL ORGANS. 149

that follows to a description of work done by our-
selves in our own workshop.

We shall place only three stops in our swell,
which will have a compass of forty-two notes, from
Tenor C to top f. The stops will be a Diapason in
wood, partly stopped, and the rest open ; a Flute
of 4-feet tone in wood, open throughout; and a
Gamba of reedy quality, in metal, of 8-feet
pitch, but only descending to Fid. G., 3 feet, the
remaining notes being grooved to No. 1. This
curtailment is greatly to be regretted, but such
imperfections are among the objections to the
swell-box, which would assume dimensions incon-
sistent with a ckamber organ if an attempt were
made to give full compass to its 8-feet stops.

The sound-board for these three stops will be
only 2 feet g inches in length, and 1 foot in width ;
but the upper boards must have an ample margin
or surplus in both directions to afford support for
the box which will rest upon them.

This box must be made of thick stuff, say 14 inch
deal; it will therefore be very heavy, and care
must be taken to provide for its weight in planning
the frame. It should be put together with screws,
so that it can easily be taken to pieces for transit,
and it is usual to line the whole of its interior with
sheets of thick brown paper, applied with glue.
It will be very convenient, if access can be had to
the back of the organ, to fit the back of the box
with hinged doors, or to make the back removable
like a shutter; in this case the pipes should be
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planted so as to present themselves readily to the
tuner. If access to the back cannot be had, then
a space is inevitable in the middle of the organ
for a passage-board, on which the tuner may
stand, or at least place his foot, while he removes
the front shades in order to reach the pipes
planted accordingly. In the swell-boxes of church
organs the sides of the box are generally fitted as

NANNAMNNON

Fig. so.

doors; then, the pipes being planted with the
tallest in the centre, diminishing in height to each
end, half of them can be tuned at one operation.
When the pipes are thus planted, the- top of.the
box will slope towards each side from a central
ridge, like the roof of a house.

‘We cannot doubt that many of our readers have
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had, or may have, opportunities of examining the
construction of the shutters or shades of a swell-
box. We have sketched it, however, in Fig. 50.
The shades are 6 inches in breadth, and of the
same thickness as the rest of the box, and each
shade turns on pins let into the ends of it at a
distance of 2 inches from its upper edge. These
pins work in notches cut in the cheeks of the box,
so formed that any shade may be easily lifted
out and replaced. The edges of the shades are
bevelled to half a right angle so that they .
overlap when closed, and the bevelled sur- ‘?
faces are faced with leather or cloth to r
shut in the sound more effectually.
The mode of opening the shades, and LJ
so producing a crescendo, is shown in Fig. af
51. a, b, c are arms of oak, morticed into
the shades at the level of the pins, viz. } J
2 inches from the upper line; 4 ¢ is a long
rod or tringle of wood, connecting all these
arms by pins passing through them and e
itself. It is evident that by drawing up {
this rod at its top, or by pushing it up
from below, we shall open all the shades
at once, and as they are hung on axes eV
placed at one-third of their breadth, they F& 5"
will close by their own weight when released.
The leverage by which this movement is brought
under the control of the player may be safely left
to the inventive powers of the reader. It is usual
to give promptness to the return of the swell-pedal,

—°)
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and therefore to the closing of the shades, by at-
taching a strong spiral spring to the pedal, and to
some firm point in the frame.

As the swell-box is at the back of the instru-
ment, its key-action will have to pass or cross that
of the Great organ. The way in which this will be
effected must depend a little upon circumstances—
for instance, upon the length of the key-tails in the
two manuals. If the swell manual acts by squares
and trackers, while the Great has backfalls and
stickers, the small trackers, being thin ribands of
wood, can be easily made to pass between the

1 onmm—. ¥
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Fig. s52.

Great stickers. Or if the swell-keys act on back-
falls, these backfalls may be thinned down behind
the line of key-tails, so as to allow the stickers of
the lower manual to pass between them. This
may be understood from Fig. 52, though that figure
refers to another subject. The worst plan of all is
to make the lower stickers pass through holes or
mortices in the upper key-tails, since this prevents
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the removal of the upper key-board without a dis-
turbance of the whole action.

We believe that these constructive details con-
tain in themselves the grounds on which we based
our advice to hesitate before including a swell-box
in the design for a small chamber organ. It has
been made apparent that it brings with it a con-
siderable increase of bulk, weight, and complica-
tion, and that it cannot possess the full compass.
‘We must add that if the bellows are worked by the
foot, the use of the swell-pedal at the same time is
of course impossible.

The large swells of church organs owe their
grandeur of effect to their reed-stops; the
trumpet, of which the oboe is a soft echo and our
little gamba a faint and humble imitation, the
hom or cornopean, and the double trumpet or
bassoon, a stop of 16-feet pitch. All reed-stops
are quite beyond the range of amateur construc-
tion, and each of the above will cost about £25 if
purchased from a good maker and made of first-
class material. Beautiful as such stops are when
made and voiced by highly-skilled workmen, they
may easily be unpleasing and even offensive.

Let us add that the twelve notes of the swell
manual, below Tenor C, may be made to act on
the lower manual by a “choir coupler” (see next
section, and Fig. 52); or, if there is a complete
pedal Sub-bass or Bourdon of twenty-five or more
notes, the silent keys of the swell manual may
borrow the pedal notes from CC, 8-feet tone

H3
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upwards. An easy mechanical movement of
squares and trackers will effect this.

Two manuals imply couplers, though we greatly
regret the incessant use of these contrivances by
modern organists.

We shall treat, very briefly, of couplers under
three heads, viz. the coupling of—

(a) Upper Manual to Lower Manual.

(8) Lower Manual to Upper Manual.

(¢) Manuals to Pedals.

(2) The common Tumbler coupler is represented
in Fig. 53. ais a slender bridge, having as many

£ 1 1
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‘Fig. 53.

notches as keys in the manual, and fitted with
short stickers called tumblers. These tumblers, or
stickers, are generally rectangular in section, and
they must fit the notches neatly but with free-
dom of motion; the notches are closed in by a
tringle of wood glued over them, thus forming a
series of mortices; and each sticker has alittle pin,
or a pair of pins, to prevent it from falling out of
its notch or mortice. Or, the tumblers may be
made from round rods, and may pass through
round holes in the bridge. They are well black-
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leaded in either case. Now if this bridge, with its
tumblers, is placed between the manuals near
their hinder extremities, if the length of the
tumblers is equal to the interval between the upper
and lower key-tails, it is evident that on pressing
down a key of the lower manual the tumbler will
push up the tail of the corresponding key on the
upper manual, and so on throughout the full com-
pass of both. To reverse this, and to leave the
manuals separate and independent as before, the
bridge is made to take a quarter of a revolution in
sockets fitted to carry its ends, which are rounded
or turned in the lathe; the tumblers, by this
partial revolution, are then no longer perpendi-
cular, but parallel to the key-tails, as shown by the
dotted lines in the figure, and cease to be touched
by them, On the whole, this is the simplest form
of swell-coupler.

The tumblers may also be placed on or off by
causing the bridge to slide between guides for a

Fig. 54.

distance of 1 inch or 2 inches. When- the bridge
is pushed back by drawing a stop-handle (which
acts upon a horizontal trundle with arms and traces
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to give the sliding motion), the tumblers act on the
key-tails ; when it is drawn forward by thrusting
in the stop, they fall into a hollow cut in the key-
tails, and are too short to be of use. The hollow
in the key-tails is bevelled, and the inclined plane
so formed is leathered and blackleaded (see
Fig. s54).

The ram coupler, Fig. 55, acts in a way closely
resembling the last. Instead of tumblers, the
bridge carries a set of short backfalls, turning on a
wire as usual, and cut at the free end into a circu-
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Fig. 55.

“lar form. The sliding of the bridge brings these
circular ends into contact with the key-tails of both
manuals, or places them in a hollow cut in the
keys, bevelled, leathered, and blackleaded as
before. The ram-coupler can be used between
manuals arranged too closely to admit of tumblers.

(6) It will facilitate our description of the choir-
coupler and pedal-couplers if we here point out
that if a bridge with backfalls {or squares) be made
to rise or fall { inch or more at pleasure, the action
connected with it will be thrown into or out of
gear at the will of the player. If, in Fig. 32, for
instance, the bridge ¢ be made to rise § inch by
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drawing a stop-handle, the stickers ¢ will then be
too short by } inch, or the pull-downs % will be too
long in an equal degree, and the manual will be
silenced.

An easy way of making such a bridge rise and
fall is shown in Fig. 56. The bridge a, which
cannot be too solid and heavy, is held between
guides, ¢ d, which are blackleaded and accurately
adjusted. At each end of the bridge is fitted a
little roller or wheel of box-wood, turning freely on
a pin. To the frame below is fitted another such

e d
e -----
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roller, or two, as in the figure. Between these two
or three rollers, at each end of the bridge, an
inclined plane of wood, ¢, is made to traverse by
means of a horizontal trundle and arms. It will be
seen at a glance that when the inclined plane is
pushed between the rollers by drawing or thrusting
in a stop-handle, it lifts the bridge between the
guides and dislocates the action; when it is with-
drawn, the bridge resumes its place by its own
weight, and the action is again in order.

It is now easy to understand the construction of
the remaining couplers. The choir-coupler (Fig.
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52, p. 152), has two bridges, ¥, y, with two sets of
short backfalls and communicating stickers. If the .
bridges are fixed, then on depressing any key on
the upper manual its tail raises the backfall, which
presses down the lower backfall, which in its turn
pushes up the tail of the lower key and causes the
note to be heard. If the upper bridge be made to
rise or the lower to fall § inch, then the keys are
at once disconnected.

(¢) The coupling of manuals to pedals is generally
effected by rising and falling bridges, carrying
backfalls which push up the tails of the keys.
These bridges are arranged one above the other
beneath the keyboards in large organs with three
or four manuals, each bridge bringing its own
manual into connection with the pedals by the
movement already described. One roller-board
(the rollers are often of iron for the sake of com-
pactness) suffices for all the sets of backfalls, and
the stickers (in this case generally flat strips of
wood) pass through mortices cut in the tails of
the lower keys to act upon the tails of the keys to
which they belong.

The reader will easily perceive from these hints
how the pedals may be made to act through their
whole extent upon one of our manuals, and through
only a part of their extent upon the other manual,
as we have hinted at page 148. There will be two
bridges, one over the other, and a very little
ingenuity will be required to plan the roller-board
so that the central C of the pedals shall pull down
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the lowest C of the second manual (be it upper
or lower), and thus give the octave below (or 10-
feet pitch) without additional pipes from that note
upwards. But this, perhaps, belongs to the subject
of the pedal organ, which we reserve for the con-
clusion of this book.

It is right to add here that in old-fashioned
organs, both in England and on the Continent
(where many such instruments remain unaltered),
the manuals were made to couple by being drawn
out or pushed in about { inch. A spur or pro-
tuberance of wood was glued to the upper part
of the tail of each key, and a similar spur to the
under part of the tail of the key in the manual
above. These spurs had rounded ends covered
with leather. On shifting one of the key-boards
backwards or forwards the spurs met each other,
and the coupling was effected. Or the spurs were
glued under the front of -each key, immediately
behind the beading of the key-frame, and upon
the upper surface of each key in the manual
beneath it, and a similar shifting brought about
a like result. We see no objection to this very
simple old-fashioned arrangement strong enough
to induce us to discard it from consideration.

The common type of small church organ with
Great and Swell {throughout) would be vastly
improved by the introduction of a manual between
the other two, having no stops of its own, but
coupled to both by such spurs. Instead of two .
qualities of sound, namely Swell alone and Great
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and Swell combined (the incessant use of the
coupler being the inveterate habit of most players),
we should have three: Great alone, Swell alone,
and combination of Great and Swell. This obvious
improvement could be introduced into new organs
or added to existing instruments at a very small
cost. There should be a coupler to connect this
Combination Manual with the pedals.

It is undeniable that the addition of a pedal
organ with a Sub-bass or Bourdon of 16-feet tone
is a very important.and valuable improvement
to any organ, large or small. It gives a dignified
cathedral-like solemnity and grandeur which every
ear can appreciate. We shall bring our treatise
to a close by a few remarks upon it.

1. The pipes will be made precisely like those of
the Stopped Diapason, of which they may be
regarded as a continuation, and they should be of
stout material, the last four or five of inch stuff,
then three-quarters to the twelfth or thirteenth
note above.

On the question of scale the most diverse
opinions have found favour of late years. A
writer whose dicfa are entitled to respect * urges
that the lowest pipe (CCC, 16-feet tone) should
have the enormous if not preposterous scale of 11}
by 13 inches inside measurement, and that the
next six pipes above it should be in proportion.
After that, he says, a smaller scale may suffice.

* Rev. F. G. Hayne, Mus. Doc., * Hints on the Purchase of an
Organ.” Novello, 1867.

.
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It is clear that if this ruling be correct we may
dismiss the idea of introducing a Sub-bass into our
chamber organ. Mr. Hopkins, on the other hand,
prints two scales for 16-feet toned Bourdons, the
larger of which gives 6} inches by 4% as the inside
measurement of the CCC pipe; while the smaller
gives 5 inches by 33 for the same pipe. We may
safely adopt this larger scale of Mr. Hopkins; and
we will only say further that with our light 2-inch
wind the mouths should be cut up one-third of the
width, or rather less, and the foot-holes should be
of ample size. .

2. Their location in the organ must depend very
much on special circumstances. When they can
be placed in a row at the back of the instrument,
their connection with the pedals becomes very
simple, two sets of squares with trackers running
under the bellows being all that will be necessary.
If the room has abundance of height, the back set
of squares may act on a roller-board, and then the
pipes can be disposed symmetrically, the largest
at each end.

3. The board on which they stand will not
require a slider. It will be, in fact, a wind-chest
only, a long box of stout pine or deal, having holes
in its top countersunk to receive the pipe-feet.
Under each hole is placed a pallet or valve, held
up by a strong spring, and having a pull-down
wire passed through a brass plate in the usual way.

The aperture of the wind-trunk is in the lower
board of this chest, and over it, before the board is
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in place, is fitted a valve, faced with leather, and
made to slide to and fro between guides. An iron
spindle, turned to fit accurately in a brass collar,
carries an arm jointed to the valve by a connecting
rod or trace; and outside the chest it carries
another arm, at right angles to this, jointed to the
draw-stop handle or its trace. We have, in fact, a
trundle passing air-tight through a collar, and by
this simple contrivance we can shut off the wind
at pleasure from the chest. Other methods of
effecting this are in use, and may easily be
devised. The pipes are very frequently placed on
both sides of the organ, to the right and left. In
this case the two chests will be at right angles
to the manual chest or chests, and the action will
be less direct. But it will be readily arranged as
follows:—The pedal roller board will be long
enough to act upon sets of squares, carried on the
organ-frame to the right and left of the player, and
at any convenient height. The other arms of
these squares act by trackers on roller-frames
placed under the chests.

There are cases in which this roller-board will
be better placed at the back of the organ, the con-
nection between it and the pedals being by squares
and trackers; and there are also cases in which
a large roller-frame lying upon the ground under
the bellows may be made to answer every purpose.
Bell-cranks, or horizontal squares, may also trans-
mit the pressure of the foot on the pedal by other
squares and trackers to the pedal pallets in a
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manner analogous to that of the draw-stop action,
Fig. 49. There is abundant room for ingenuity
and contrivance in all these details; the essential
points are strength, quietness, and accessibility
for repair or adjustment.

Some of our readers may be able to indulge in
the luxury of a second pedal stop. This should be
a Violoncello in metal, of 8-feet tone and length.
In this case the pedal chest or chests will be regular
sound-boards, with sliders; or the Sub-bass may be
on a chest as already described, while the Violon-
cello may be on another, with two actions.

'~ We have only to add, that the power and effec-
tiveness of small organs may be increased by the
contrivance called a “ Terzo Mano ” (Third Hand),
or octave coupler. Let us suppose that an ordinary
action has been fitted with backfalls in the usual
positions. Then a second bridge, rising and falling
by a draw-stop, is introduced, carrying skew back-
falls which act on the pull-downs an octave higher
than the first set. Thus the key CC will take down
the Tenor C note, and so on throughout the scale.
It is evident that the effect on the ear will be nearly,
though not quite, the same as if each 8-feet stop
had its corresponding 4-feet stop drawn with it.
An Open Diapason will sound like an Open Dia-
pason and Principal; a Stopped Diapason, like a
Stopped Diapason and Stopped Flute, &c. To
render the illusion complete, the pipes should be
carried up twelve notes higher than the apparent
compass of the key-board, that is to say, if the key-
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board has fifty-four notes the sound-board should
have sixty-six grooves.

In a similar way the pedal Sub-bass may be made
to play in octaves, producing the effect of a Sub-
bass, 16-feet tone, with a Flute-bass of 8-feet tone
added to it.

Of all such mechanical devices it must be said,
finally, that neatness, accuracy, and noiseless pre-
cision of action are the conditions-necessary to
complete success.



CHAPTER XIII
VILLAGE CHURCH ORGANS.

OUR labours have hitherto been exclusively directed
towards the production, in private workshops and
by young workmen, of small organs adapted for
domestic use. That such organs should be of
varied character, and that they should represent
the differing musical tastes and unequal mechanical
ingenuity and adroitness of their unprofessional or
self-taught constructors, is the legitimate outcome
of the circumstances assumed.

The case of organs for churches must be re-
garded from a different stand-point. Designed for
public use, and consecrated to lofty purposes, they
should reflect no private fancies or peculiar tastes;
should admit of no experiments or eccentricities ;
should be distinguished by excellence of material,
finished perfection of workmanship, and solid sta-
bility of structure. We cannot, therefore, recom-
mend the construction of any church-organ in a
private workshop. The aim and object of this
volume would be entirely misconceived by any
reader who should imagine that we encourage
such an ambitious attempt. However humble as
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to style of architecture the church may be, how-
ever unpretending the scheme for the organ may
be, we must strenuously advocate the placing the
order for its erection in the hands of a well-estab-
lished firm of professional builders.

Guarding ourselves thus, we trust, against all
possibility of misconception, we shall endeavour in
the following pages to offer some suggestions on
the subject of village organs, which may tend to
smooth away perplexities from the path of those
who, without any previous acquaintance with such
matters, find themselves called upon to exercise
discretion, and pronounce decisive judgment on
estimates and specifications submitted to them by
builders and by musicians.

In using the term * Village,” we refer less to
locality than to condition. We desire to be of
service to the promoters of the erection of an organ
in those very numerous cases in which no skilled
player is resident in the place, and in which the
new instrument will inevitably be left to the modest
efforts of a schoolmistress or of a young beginner,
on whose ability, moreover, no greater demand
will be- made than that which is involved in the
accompaniment of simple chanting and psalmody.
It is to the dwellers in such quiet corners of
the country that we would offer a few rules or
maxims, based, we hope, on principles, the sound-
ness of which will commend itself to their good
sense. :

Let us bring together, in a compressed form, a
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few of these maxims, afterwards examining them
in detail.

A village organ should be of simple construction,
containing no mechanism liable to sudden derange-
ment. It should stand well in tune, without
attention, even though placed in a building exposed
to alternations of temperature and perhaps not free
from dampness. Its musical effects should be
readily and obviously producible by any person
sitting down to it for the first time, and guided
only by experience gained at the harmonium or
pianoforte. It should present no facilities for
ambitious attempts at executive display by thought-
less aspirants. Its power, or volume, should be
sufficient to assert itself. unmistakably in a full
congregational chorus; and its tone, or quality,
should be that which long experience has shown to
be impressive and pleasing to the vast majority of
listeners. Hence, it will be capable of emitting no
sounds which might be described by any uneduca-
ted hearer as odd or curious. Lastly, let us add
that its case should be shapely, even if destitute of
ornamentation.

‘Whole pages of disquisition may be saved if we
proceed at once to apply these maxims to the
specification of the smallest and least costly organ
which we shall recommend for a village church :
an organ, namely, with four stops only.

1. Organ No. 1. The manual will be from CC to
E in alt, 53 notes.

Remark.—The key-board is more sightly when



168 ORGAN-BUILDING.

its two extremities are rendered similar by this
omission of the top F. But the further omission of
the four upper notes would still leave a compass of
49 notes, amply sufficient for the accompaniment of
voices.

2. Its stops will be these :—

(a) Open Diapason, metal throughout, or of metal
from Gamut G, with seven pipes of open wood
below.

Remark.—These open wood pipes, when properly
scaled and voiced, have some advantages over
metal for our present purpose, and may be placed
so as to close in the back of the case instead of
panelling.

(8) Principal of metal throughout, being the oc-
tave of the Open Diapason, to which it will therefore
be made to conform as regards scale and voicing.

Remark.—The two stops, (2) and (), when played
together, will furnish the element of power, or loud-
ness, to the organ.

(¢) Stopped Diapason of wood throughout, or of
metal with chimneys from middle C to top; but not
with a Clarabella of open wood as its upper part.

Remark.—The metal Stopped Diapasons which
have come down to us from the days of Harris, and
other old builders, are often of exquisite beauty of
tone. Modern builders are apt to neglect the stop,
and to treat it as a mere ¢ Coppel,” or vehicle for
exhibiting the qualities of imitative stops. We
should be glad to persuade them to make the upper
octaves of oak, after the example of Schmidt.
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(2) Stopped Flute of wood throughout, or of metal
with chimneys as to its three upper octaves. This
stop pretends to no imitation whatever of the well-
known musical instrument, the Flute, but is simply
the octave of the Stopped Diapason, of which it
should follow the scale and voicing.

Remark.—The two stops, (¢) and (Z), when played
together, supply to the organ the important element
of softness and tranquil clearness ; and when added
to (2) and (), they enhance the fulness and volume
of those stops, while correcting a certain crudeness
or tendency towards harshness. The Stopped Flute
fulfils a further most important office. ' When added
to the two Diapasons (without the Principal), it
imparts not only a most pleasing silvery sweetness
to the tone, but gives a definiteness of pitch which
will correct the tendency of school-children to sing
out of tune. This stop should, therefore, on no
account be omitted, or cancelled in favour of more
showy or conspicuous qualities of tone.

3. Be it carefully observed that the stops (@) and
(6) can be made to produce sounds of several gra-
dations of loudness according to the scale of the
pipes, the pressure or weight of the wind, and the
character of the voicing. Their tone will be further
affected by the substance and quality of the pipe-
metal. Let us confidently assume that the order
for the new organ will be given to no builder who
does not hold his art in such esteem as to be in-
capable of using inferior and perishable materials.
The metal should be tin and lead only, in at least

I
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equal proportions; still better if the tin be three-
fourths, four-fifths, or seven-eighths of the whole
alloy. The wind-pressure should be light, as we
desire that the feeder should be easily worked by
the foot of the player. The scaling and voicing
must be left to the judgment of .a trustworthy
builder, as they will vary with the capacity of the
church and the requirements of the singing.
Enough if we advise that, even in the case
of the smallest church, the two metal stops be
of bold, out-speaking character, asserting them-
selves distinctly, and having no tinge of the
muffled or subdued quality proper to chamber-
organs.

4. The case of the organ, even if carving be en-
tirely absent, may be of graceful and pleasing out-
line by making the upper part, above the level of
the keys, overhang the lower part, or base, which
encloses the bellows.* This lower part need not
be much wider than the key-board itself, and about
three feet in depth, from front to back. If the upper
part be five feet in width, it will overhang the base
one foot or a little less on each side, obtaining
apparent support from a pair of brackets. The total
height, if the open bass pipes be set down at the
back, will net exceed nine feet; but the speaking
front may be well thrown up by the usual expe-
dients if the church be lofty. We strongly advise

* See the frontispiece of this book. Some charming but elaborate
designs will be found in the Rev. F. H, Sutton’s ¢ Church Organs,”
published by Rivingtons. Folio. 1872.
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that these speaking front pipes be left of their
natural silver colour, which they will not lose if
tin predominates largely over lead in the alloy.
For our own part, we are no admirers of the choco-
lates, dark blues, and sage greens smeared upon
front pipes by way of decorating them. Too often,
we fear, such diapers are a cloak for very inferior
metal, which would soon betray the presence of
antimony and other deleterious ingredients by
turning black if left unpainted.

The draw-stops will be most conveniently
handled if arranged above the keys, under the ledge
of the book-board, as in the harmonium. It will
be well to place the Stopped Diapason and Flute
on the left, and the Open Diapason and Principal
(which will be more frequently drawn and shut off)
on the right, leaving an interval of a foot or so
between the two pairs.,

The cost of this four-stop organ, made of first-
class materials, in a case of stained deal or pitch-
pine, should not exceed £80. A provincial builder,
who works with his own hands, might undertake
it for a smaller sum, but we cannot counsel a
diminution of cost by a lowering of the standard
of the pipe-metal or by a resort to inferior
woods.

A hasty résumé of our design will show a close
correspondence with our initial maxims.

The organ is ;—

1. Of simple construction, containing no mecha-
nism liable to sudden derangement.

I2
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2. It will stand well in tune, without attention,
even for years, especially if the smaller stopped
pipes be of metal with chimneys.

3. A new player will be met by no special
difficulty whatever.

4. As there is no “swell,” there can be no exhibi-
tion, on the part of the player, of the peculiar forms
of bad taste to which that invention lends fatal
facility ; and as there are no pedals, there will be
no lumbering and blundering attempts to play
grand compositions never meant for village
churches. .

5. Its power, or volume, will be ample for the
accompaniment of the ordinary congregational
singing of two or three hundred persons, and more
than abundantly sufficient for the support of a
rustic choir; and it emits no sounds which can
provoke criticism by singularity of intonation, and
which have not been found, by long years of expe-
rience, to be invariably agreeable to all musical
ears.

Organ No. 2. To the four-stop instrument just
described, a “Dulciana” might be added, at a
further cost of about £10, less or more, according
to quality of pipe-metal, &c. Its compass will be
from Tenor C to top, or, still better, from B flat or
a lower note, the remaining sounds being obtained
by grooving to the Stopped Diapason. The Dul-
ciana is of beautifully delicate tone, slightly nasal ;
when played with the Stopped Diapason it gives a
charming clearness and sonority to that soft stop.
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When the Flute is added, we have a true choir-
organ quality, most useful in the accompaniment
of low and solemn music.

Remark.—Some builders or organists may re-
commend a “Salicional,” or “Viola di Gamba,”
or ‘“ Keraulophon,” in place of the Dulciana. All
these stops, when properly made, are of beautiful
tone, but their beauty is of a kind which soon
satisfies, and then is apt to weatry the listener.
They are therefore excluded from our village organ
by one of our maxims. The same sentence of
exclusion must be passed upon the class of stops
known as “Lieblich Gedact,” and rightly intro-
duced in large organs as alternatives for the
Stopped Diapason and Stopped Flute. ¢ Their
tone in the treble,” says Mr. Hayne,* ¢ is so pecu-
liar as to become wearisome, and a little of them
goes a very long way.” The imitative Flutes,
which have many different names, as “Flauto
Traverso,” “Concert Flute,” “Oboe Flute,” and
the like, find their place in organs of much
larger dimensions than our village organ; and
Harmonic stops, of every pitch and quality, are
shut out by their costliness, if not by the char-
acter of their tone, which is unacceptable to some
ears.

Organ No. 3. Perhaps greater loudness may be
reasonably desired when the village church is
large and the singers numerous. This accession of
power will be gained by adding two more complete

# « Hints, &c.,” p. 4.
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ranks of pipes, namely, a Twelfth of three feet
(nominal) and a Fifteenth of two feet, both in
metal. We cannot enter into controversy with
modern purists who object to the Twelfth. Enough
that its effect, when duly balanced, has been ac-
cepted as dignified and elevating for centuries
past. As it is never used without the Fifteenth,
the pipes of both may be governed by one slider,
and in this case the stop may be called “ Mixture,
ii. ranks.”

= The additional cost of the Twelfth and Fifteenth
w1th the necessary enlargement of the sound-board
and bellows, may be £ 20 or £25.

Organ No. 4. The stops which have been enu-
merated, with one or two additions, might be
distributed between two manuals, with great ad-
vantage to the player, and without a violation of
any of our self-imposed conditions. Instead of
suggesting the list of stops ourselves, we give the
names and distribution of those in the beautiful
little organ in the choir of Jesus College Chapel,
Cambridge, designed by the late Sir J. Sutton,
Bart., and built by the late J. C. Bishop, some old
wooden pipes by Schmidt being worked in.

Upper Manual, or Great Orgun.
1. Open Diapason ., ., ., 8feet.
2. Stopped Diapason ,, . . 8 , tone.
3. Principal . . . PR S
4. Twelfth . . o v 3 »
5. Fifteenth . . . o 2,
6. Tierce .. . . . . 13,
7. Mixture . . . «»  iii. ranks.
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Lower Manual, or Choir Organ.
1. Open Diapason, wood . .o 8feet.
2, Stopped Diapason ,, . .. 8 , tone.
3. Open Flute » . v 4 g
4. Stopped Flute ” . . 4 4 tome.

Such an organ could not be costly, as there is
no swell-box, and as large Bourdons or 16-feet
Open Diapasons are absent, together with couplers
and all other complications. But perhaps it is
luxuriously large for a village church of average
size. It might be somewhat lessened thus :—

Organ No. 5.

Great Organ (Upper or Lower, as preferred),

1. Open Diapason ., . ee . 8feet.

2. Hohl-fléte, wood .. .. .. .. 8 ,

3. Principal .e .o .o X3 .o 4

4. Stopped Flute ., . . o 4

5. Mixture .. o e o .. iil, ranks.
Choir Organ (Lower or Upper).

1. Stopped Diapason . o .. 8 feet tone.

2. Dulciana ,, . . . W 8y

3. Gemshom, @ light Principal .. o 4 0w

Remark.—The Mixture, No. 5, will be 15th, 19th
and 22nd from CC to middle B, and 8th, 12th
and 15th onwards to the top.

Perhaps we should not conclude without noticing
one or two objections to our plans.

First. *“Organs cannot be properly played
without pedals.”

Most unquestionably true classical organ music
cannot be played on instruments with manuals
only. But it was on such instruments that the
illustrious HANDEL, with his contemporaries and
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predecessors, Croft, Boyce, Worgan, the blind
Stanley, and a host of others, delighted their
audiences by their masterly performance. Pedals
were not added to English organs until the latest
years of the eighteenth century. The nineteenth
was far advanced before the pedal-board, of full
compass, had come to be considered an essential
part of every organ.

Why should the effective management of organs -
without pedals be among the lost arts? Why
should not the clever manipulation of such organs
be practised by ladies, and by the modest players
in villages, to whom the preludes and fugues which
echo through the aisles of the cathedral must ever
be a dead language? Why should the cathedral
player himself, fresh from his pedal fugues, deem it
beneath his dignity to draw sweet music, in a
totally different style, from an instrument on which
Handel would have willingly displayed his powers

We were present on a certain occasion, many
years ago, when the late Professor Walmisley, of
Cambridge, was asked to play on a small and old-
fashioned organ without pedals. The distinguished
pedallist and renowned interpreter of Bach’s com-
positions did not turn away with contempt. He
seated himself, and charmed all who were present
by his ingenious extemporisation. ~The skill, and
learning, and resource of the true musician were
never more conspicuously displayed.

We see no reason whatever why such a bright
example should not be followed; and, while we
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yield to no one in appreciation of the pedal-organ,
and of the music proper for it, we hold that the
typical organ of the village church has no concern
with these, and that no greater demand should be
made upon the executive powers of its player than
that which is made in the acquirement of a pure
legato style at the pianoforte or harmonium.

Second. “Why omit the Swell, the greatest
improvement of modern organs:”

The Swell-organ proper owes its effectiveness to
its reed stops, and these are one and all excluded
from our village organ by the fact that they require
the frequent attention of a tuner. We grant, how-
ever, that reedy stops of the Gamba class might
take their place in small organs; and we admit
that our organs, Nos. 1, 2, and 3, might be very
easily enclosed in swell boxes, while a “ Swell”
might take the place of a “ Choir” in No. 5. Such
alterations would have many advocates, both pro-
fessional and amateur.

In adhering resolutely to our plans, we must
express the opinion that the judicious manage-
ment of the Swell is a gift rather than an art. It .
is but occasionally, we think, that refined taste is
made evident by a sparing use of the tempting
contrivance. Too frequently, even in churches of
high class and pretension, the tone of the swell-
organ, with its mechanical rise and fall, prevails
from the beginning to the end of the performance,
until the ear longs for relief. If the abuse of the
Swell be thus common even in town churches,
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is it well to trust an apparatus which may be so
easily misunderstood to the discretion of players
in village churches?

Moreover, our village organ is for the accompani-
ment of singers. We believe that many musicians
will endorse our opinion that as an accompaniment
for singers the Swell-organ is misleading and un-
satisfactory. An accurate ear will often detect a
slight difference of pitch in the pipes of a small
Swell-organ when the shades are closed or sud-
denly opened. We have repeatedly heard the
voices of the men and boys, even in very good
choirs, thrown out of tune by injudicious per-
sistence in the use of the Swell as an accompani-
ment. The sense of discomfort and uncertainty
was removed at once when the player transferred
his hands to the Choir-manual, with its quiet and
cheerful brightness.

It is for these reasons, and not from any want
of appreciation of the effect of the Swell in the
hands of an educated and gifted performer, that we
counsel our village friends to turn a deaf ear to the
praises of the Swell which will doubtless reach
them.from many quarters, and to rest content with
genuine organ-tone produced by means which do
not lend themselves te abuse.

A few words may be added for the guidance of
those who find themselves entrusted with the care
of old instruments.

The eighteenth century witnessed the erection,
in the churches of many country towns, of noble
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organs, honestly constructed by true artists, men
who disdained the use of inferior timber or of base
metal. A great number of these costly and beau-
tiful instruments remained unaltered, or at least
uninjured, within the recollection of the present
writer, but demolition rather than restoration has
been at work during the last thirty:or more years,
and the plea which we would put forward for the
reverent preservation of the works of old masters
may now be opportune in but few and isolated cases.

Nevertheless, if it should happen to any of our
readers to discover in a village church, or in that
of some quiet market-town, an organ by SNETZLER
(1749), by his predecessors, or by his immediate
successors, ending with the ENGLANDS, father and
son, we would earnestly counsel a respectful treat-
ment of the valuable contents.

An old picture may have long lain hidden in a
lumber-room, with its face to the wall; when
brought into the light, and its merits recognised
by an expert, its possessor replaces the worm-
eaten stretcher and decayed frame by new wood,
but he would indeed act strangely if he permitted
the house-painter to touch the precious canvas with
his brush.

Yet we have known many organs by the builders
and of the period indicated above, taken down and
carted away; their pipes (in Snetzler’s case of
nearly pure tin) sold for a trifling sum or thrown
into the melting-pot; and this wanton destruction
has been justified on the ground that the time
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is come for a “better instrument,” that the old
organ is “screamy ;" above all, that the belauded
“Swell” is wanting. Accordingly the modern
builder meets the wishes of his customers by pro-
viding an organ of the common-place type, and
the reign of Swell-coupler and Pedal Bourdon is
duly inaugurated.

Surely a wiser course would have been this :—
Carefully preserve every pipe, and round out those
which may be bruised by rolling them on man-
drils; insist on the inclusion of all these pipes
without any omission whatever in the new struc-
ture which the ravages of the worm may have
rendered inevitable; add to these original con-
tents (if funds permit) some modern ranks of pipes
carefully voiced by an accomplished artist to the
same pressure of wind, and calculated to support
and balance the shrill high tones which the old
organ doubtless contains; repair the old case, and
even retain the old key-board if possible.

No doubt, in towns, where a succession of skilled
players may be found, the addition of a Swell-
organ and of a pedal-organ, both most carefully
designed, scaled, and voiced, cannot justly be dis-
approved. The instrument, thus reinstated, will be
a most interesting link with the past; will supply
in itself a history. of the progress of the organ-
builder’s art, and will possess an individuality of -
tone which educated listeners will appreciate, and
which they fail to perceive in many or most of the
organs erected in the present day.
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ACTION.
PEDAL.)

(See KEYBOARD,

BACKFALLS, 9%

Bars of sound-board, 36
Bearers of ditto, 38
Bell-cranks, 129
Bellows, construction of, 73
Blacklead, 57
Blowing pedal and lever, 86
Boards, upper, 39
Borrowing in bass octave, 45, 145
Bourdon, 160
Brass, its employment, 63, 67
Bridge, 94, 157
Building-frame, 81
Buttons, leather, g6

CHANNELS, 29
Choir-organ, 142

Clarabella, 25

Cloths, 96

Compass, of pedals, 135

Combination-manual, 159

Conducting-boards, 48

Conveyances, 51

Counter-balances for bellows, 78

Couplers, various kinds of, 152—

157
Cuckoo-feeder, 79
Cummins, his invention, 7§

DIAPASON, open, 44, 121
Diapason, stopped, 10

Dip of keys and of pedals, 103,139

Drilling, 67

Double sound-boards, 112
Draw-stops, 127
Dulciana, 121

ENGINES, hydraulic, 79

AN-FRAME, 101
Feeders, 79
Fifteenth, Flageolet, Flautina, 125
Flute, 125 .
Frame, building, 81

G_AMBA, 149
Gems-horn, 12§

Great-organ, 147

Grooving, 45, 145

KEY-BOARDS, 102
Key movements, 97

[LATHE, 5
Leather for pallets, 61

MANUALS, 146

+ Manual and Pedal, their
relation, 136, 139

Manual for combination, 159

Materials for sound-buard, 7

NAMES of notes in scale, 10
Nicking. (Ses VOICING.)

ORGAN, Old English, 23, 147
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PALLETS, 61
Pedal-organ, 136, 160
Pipes, wooden, 14, 23
metal, 117
" lengths of, 11, 15
. plantation of, 30, 99
Principal, 44, 121
Pull-downs, 69

RACK-BOARDS, pins, 42
Reed-stops, 153

Regulation, 126

Ribs, inverted, 75

Roller-board, 96

Running of wind, 50, 55

SCALES for pipes, 16
Sliders, 29
Sound-board, construction of, 39
Spitz-flute, 125
Springs for pallets, 63
Squares, 95

Stickers, 95

Stops, methods of drawing, 127
Sub-bass, 160

Swell-organ, box, 141, 150

TABLATURE, or nomencla-
ture of notes, 10

Temperament, 125

Terzo Mano, 163

Trackers, 95

Trundles, wooden, iron, 1 31

Tuning, 126

ALVES of bellows, 74, 77
Voicing pipes, metal and
wooden, 120
Village Church Organs, 165

WIND-CHEST, 55

‘Wind-gauge, 122
‘Wind-trunks, 80
‘Wind-valve, or ventil, 162
‘Workshop, 2
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62, T BRASS POUNDER S SIANUAL: Tastractions. tor
Modelling, Pattern- Makmg Moulding, annmg, Filing, Burnishing,
Bronzing, &c. 'With copious ts, &C. W.u.nn GRAHAM, 2s.t
164. MODERN Thm sopizes Roes BB EFICE, appliedto Marine,
nd and Locomotive Engines, moatm Docks, ng Machmes,
dﬁc ranes, Ship-building, &c., &c. ‘WINTON. ustn . 38t
165. JRON AND HEAT, exlubltmg the nnc1 les concerned in the
Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of
Heat in the Smelting Furnace. By J. ArMouRr, C.E. 2s.6d.%
166. POWER IN MO %‘ION Horse-Power, Toothed-Wheel Gearing,
and Short Driving Bands, and Angular Forces. By J. ARMOUR, 2s.6d.%
167. ZRON BRIDOE S CIRDERS: ROOES,” 4ND OTHER
‘WORKS. By FRANCIS CampiN, C.E, 2s.
171. THE WORKMAN'S MANUAL OF ENGINEERING
RAWING By JoHN MaxToON, Engmeer I"ourth Edition. Illustrated
h 7 Plates and nearly 350 Woodcuts,
190, STEAM AND 7}’ S7. EAM ENGINE Stationary and
Portable Being an extension of Mr. John Sewell’s Treatlse on Steam.”
K. CLARK, M.I.C.E. Second Edition, revised. 3s. 6d.3
200. F(;EL its Combustion and Economy. By C. W. WILLIAMS,
AlLC. E ‘With extensive additions on Recent Practice in the Combustlon
and Economy of Fuel—é'.‘&:lzl, Coke, Wood Peat, Petroleum, &c.~by D. K.
on. S.
202. LOCOMOTIVE ENGINES B G D DeumpsEY, C.E. ; with

additions b; 3s.3
211 T PO B R AR RS 4SS ISTANT n Drawing, Tem-
lating, and Calculatm Bonler and Tank Work. By Joun CoOURTNEY,
ical Boiler M. LARK, C.E. 7100 Illustrations. 2s.

216, MATERIALS AND CON.S’TRUCTION A Theoretical and
Practlcal Treatise on the Strains, Dengning, and Erectlon of Works of Con-

on. By Francis Campin, C.E. 3s.2 [Fust published.

217. SEWING MACHINERY : a Manual of the Sewing Machine;
com nsmg its Construct:ou, History, &c., with full Technical Directions

djust . URQUHART, 1, C. E. 2s.%

223. MEC& 56‘.4[. ENGINEERING. Compnsmg Metallurgy.
Moulding, Casting, Fo: n . Tools, Workshop Machi ture of
the Steam Engine, &c. uuc:s Caumein, C.E. 2s.

224. COACH BUILDING’ A Practical Treatise, Hlstoncal and

criptive, containing full information of the various Trades and Processes
l];wolved wlthélmts on the proper Keeping of Carriages. Ry J. W
URGESS, 28,
PRA CTICAL ORGAN BUILDING. By W. E. DICKSON,
A., Pr of Ely Cathedral. Illustrated. 2s.6d.p [Fus? pudlished.

onstructxon and Management. By

™ The § inditales that these vols. may be had strongly bound at 6d. extra.
7 STATIONERS' HALL COURT, LUDGATE HILL, E.C.

sz LARDNER. Tlustrated. 1s.6d.
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6 WEALE'S RUDIMENTARY SERIES.

SHIPBUILDING, NAVIGATION, MARINE
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 OCEAN AND RIVER SER VICE, Elementary
and Practical Principles of the Construction of. By Haxon A. SoMmEr-
FELDT, Surveyor of the Royal Norweéian Navy. With an Appendix. 1s.6d.

53**. AN ATLAS OF ENGRAVINGS to Illustrate the agove. Twelve
large folding plates. Royal 4to, cloth. F;Gd.

54. MASTING, MAST-MAI(I?VG, AND RIGGING OF SHIPS,
Rudimentaxﬁ Treatise on. Also Tables of Spars, Rigging, Blncks; 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. gth Edition, with Additions. 4s.

54**. AN ATLAS OF FORTY PLATES to Illustrate the above.
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates
¢ Warrior,” * Hercules,” * Bellerophon ;”’ HM. Troop Ship *‘ Serapis,”
Iron Floatinz Dock, &c., &c. 4to, boards. 38s.

§5. ZHE SAILOR '$ 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 GREENwoop, B.A. To -
which are added, the Deviation and Error of the Compass; Great Circle
Sailing ; the International (Commercial) Code of Signals; the Rule of the
Road at Sea; Rocket and Mortar Apparatus for Saving ![.ife; the Law of
Storms ; and 2 Brief Dictionary of Sea Terms. With numerous Woodcuts
and Coloured Plates of Flags. New, thoroughly revised and much enlarged
edition. By W. H. RossERr. 2s. 6d.

80. MARINE ENGINES, AND STEAM VESSEIJS, a Treatise
on. Together with Practical Remarks on the Screw and Puﬁelling 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. Illustrated. 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 Profe of Mathematics in
Belfast College. Illustrated. 2s. 6d. . .

100%. TABLES intended to facilitate the Operations of Navigation and
¥autical Astggnomy, as an Accompaniment to the above Beok. By J.R.

OUNG. 1Is. 6d.

106, SHIPS’ ANCHORS, aTreatise 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 RozzrT KipeiNg, N.A.,
Sailmaker, Quayside, Newcastle, Illustrated. es.6d.t

155. THE ENGINEER’S GUIDE TO THE ROYAL AND
MERCANTILE NAVIES. By a PrACTICAL ENGINEER. Revised by D.
F. M‘CARTHY, late of the Ordnance Survey Office, Southampton. 3s.

§5 PRACTICAL NAVIGATION. Consisting of The "Sailor’s

& Sea-Book. By JAmEs GREeNwooD and W. H. RoOssERr. Together with
the requisite Mathematical and Nautical Tables for the Working of the

204+ Problems. By Henry Law, C.E., and J. R. Youxg, formerly Professor of
Mathematics in Belfast College. Illustrated with numerous Wood Engrav-
ings and Coloured Plates. 7s. Strongly half-bound in leather,

B~ The t indicales that these vols. may be had strongly bound at 6d. extra,
LONDON { CROSBY LOCKWOOD AND CO.,




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 Appendixgtlm the Appl%'catiou of Chemistry to

A‘sﬁculture. I8,

2. NATURAL PHILOSOPHY, Introduction to the Study of; for
the Use of Beginners. By C. ToMuinson, Lecturer on Natural Science in
King’s College School, London. Woodcuts. 1s. 6d.

4. MINERALOGY, Rudiments of; a concise View of the Properties
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.%

6. MEQHANIC , Rudimentary Treatise on; being a concise Ex-
position of the General Principles of Mechanical Science, and their Applica-
tions. Bk CHARLES ToMLINSON. Illustrated. is. 6d.

7 ESLECT IdCé’TY N showmgll ﬂll;e Gheneral Pxinc:'j)les of Electrical

cience, an e purposes to which it has been applied. ir W, S
HaRrnris, F.R.S., &c.rp With Additions by R. Smgxl)],lC.E.,B fssiwug:gw

7% GALVANISM, Rudimentary Treatise on, and the General Prin-
Es}e; of Animal and Voltaic Electricity. By Sir W. SNow HARris. New

ition, with considerable Additions by Roserr Sasing, C.E., F.S.A. 1s.6d.

8. M.AIGNfEMTISJg H lbseg:g a cox:ic:she l;Euxp(rsition of the General Prin-
ciples of Magnetical ence, and the oses to which i i
By Sir W. bg:ow HARRis. New Editio:p reviud'anfl ;’tﬂhu‘?‘dbeegyagfl 1?12:

i :onr of “A

Noap, Ph.D., Vice-President of the Chemical Soci
Manual of Electricity,” &c., &c. With 16 Woodcl?tg.c ,eg.' . .

Il TﬁfDELECTR{C‘ TE;LEAGRAP s its History and Progress;
with Descriptions of some of the ratus. By R. Sasing, C.E., F.S s.

13. PNEUMATICS, for the Use of Beginners. By CHARLES
TomriNsoN. Illustrated. 1s. 6d.

72, MANUAL OF IHE 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. ) L
79%*. PHOTOGRAPHY, Popular Treatise on; with a Description of
the Stereoscope, &c. Translated from the French of D, VAN MONCKHOVEN,
by W. H. THORNTEWAITE, 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

9y. STATICS AND DPNAMICS, the Principles and Practice ofi
embracing also a_clear development of Hydrostatics, Hydrodynamics, and
Central Forces. By T. Baker, C.E. 1s. 6d.

138. TELEGRAPH, Handbook of tne; a Manual of Teleiraphy,
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 appended, &UESTIONS on MAGNETISM, ELEC-
TRICITY, and PRACPFIBCAL LEGRAPHY, for the Use of étndenes,
b . Mcbneou First Assistant Supnt., Indian Gov. Telegraphs. 3s.3

. 143. E}PERIMENTAL ESSAYS. By CHARLES TOMLINSON.
I. On the Motions of Camphor en Water, IJ. On the Motion of Camphor
towardstheLight. III. Historyof the Modern Theory of Dew. Woodcuts. 1s.

1713. PHYSICAL GEOLOGY, Partlv based on Major-General Port-
Lock’s “ Rudiments of Geology.” By RaLeu Tats, A.L.S., &c. Woodcuts, 23,

174, HISTORICAL GE ozg Y, partly based on Major-General
PorTLOCK'S “ Rudiments.” By RALPH TATE, A.L.S., &c. Woodcuts. 3s.6d.

173 RUDIMENTARY TREATISE ON GEOtOGY, Physical and

& Historical. Partly based on Major-General PorrLock'S * Rudiments of

174. Geology.” By RarLru TatE, A.L.S., F.G.S., &. In One Volume. 4s. 6d.3

183 AN/MAL PHYSICS, Handbook of. fo Dr. LARDNER, D.C.L.,

& formerly Professor of Natural Philosophy and Ash-onoa in University

184. College, Lond. With $20 Illustrations. In One Vol. 7s. 6d., cloth boards.

) * N Sold also sn Two Parts, as follows :—
383. ANmMAL PHysics. By Dr. LARDNER. Part 1., Chapters I.—VII. #1
184. ANIMAL PHvsics. By Dr. LARDNER. Part II., Chapters VIIL.—XVIIL. ss.

O™ The t indicates that these vols. may be had stromgly bound at 6d. exira.
r =%
7, STATIONERS’ HALL COURT, LUDGATE HLLL, E.C.




8 WEALE'S RUDIMENTARY SERIES,

MINING, METALLURGY, ETC.

117, SUBTERRANEOQOUS SURVEYING, Elemen and Practical
Treatise on, with and without the Magnetic Needle. By THomas Fenwick,
Surveyor of Mines, and THOMAS BAkER, C.E. Illustrated. 2s.6d.3

133. METALLURGY OF COPPER ; an Introduction to the Methods
of Seeking, Mining, and AuaB’ng Copper, and Manufacturing its Alloys.
By RoserT H. LAMBORN, Ph.D. Woodcuts. 28, 6d.%

134. METALLURGY OF SILVER AND LEAD. A Description
of the Ores; their Assay and Treatment, and valuable Constituents. By Dr.
R. H. LAMBORN. Woodcuts. 2s. 6d.%

135. ELECTRO-METALLURGY ; PmCﬁc:el‘liy Treated. By ALEX-
ANDER WarT, F.R.S.5.A. 7th Edition, revised, with important additions,
including the .'Electro-Deposition of Nickel, &, Woodcuts. 3s.

172. MINL TOOLS, Manual of. For the Use of Mine Managers,
Agents, Students, &c. By WiLLiAM MORGANS, 2s. 6d.%

172%, MINING TOOLS, ATLAS of Engravings to lilustrate the above,
containing 235 Illustrations, drawn to Scale. 4to. ss. 6d.; cloth boards, 6s.

176. METAL’: /RGY OF IRON. Containing History of Iron Manu-
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. By H. BAUERMAN, F.G.S. 4th Edition. 4s. 6d.3

180. COAL AND COAL MINING, A Rudimentary Treatise on,
By WaringToN W. Smyre, M.A., F.R.S. Fifth Edition, revised and
enlarged. With numerous Illustrations. 3s.6d.t Tz}gﬂf blished,

19§. THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE, with new Traverse Tables, and Descriptions of Iuixroved
Instruments ; also the Correct Principles of Laying out and Valuing Mineral

- Properties. By WiLLIAM LinNTERN, Mining and Civil Engineer. 3s. 6d.3

314. SLATE AND SLATE QUARRYING, Scientilic, Practical, and
Commercial. By D. C. Davies, F.G.S.,, Mining Enginecer, &c. With
numerous Illustrations and Folding Plates, 3s.t

215, THE GOLDSMIIAS HANDBOOK, containing full Instruc-
tions for the Alloying and Working of Gold. By G E. Geg, Goldsmitl
and Silversmith. Second Edition, considerably enlarged. 3s.3{ Fust published.

225, THE SILVERSMITH'S HANDBOOK, containing full In-
structions for the Alloying and Working of Silver. By GEORrRGE E, GEE. 3s.%

220, MAGNETIC SUIF YING, AND ANGg/LAR SURVE3 -
ING, with Records of the Peculiarities of Needle Disturbances. Compiled
from the Results of carefully made Experiments. By WirrLiam LINTERN,
Mining and Civil Engineer and Surveyor. 2s. (Fust pudlished,

FINE ARTS.
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young

Students and Amateurs in Architecture, Painting, &c. By GEORGE PYNE. 25,

40 GLASS STAINING, AND THE ART OF PAINTING O

& 41. GLASS. From the German of Dr. GEsserT and EMANUEL OTT0 FROM-

BERG. With an Appendix on THE ART oF ENAMELLING, _2s. 6d.

69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By CHARLES CHILD SPENCER. 2s. 6d.

71. PIANOFORTE, The Art of Playing the. With numerous Exer-
cises & Lessons from the Best Masters. By CHARLES CHILD SPENCER. 3s.6d.

69-71. MUSIC AND THE PIANOFORTE. In one volume,

bound, ss.

181, l:’A‘IIVT5 ING POPULARLY EXPLAINED, including Fresco,
Oil, Mosaic, Water Colour, Water-Glass, Tem) , Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical
Sketches of the Progress of the Art by Tnomsdjoun GULLICR, assisted by

ouN Times, F.S.A. Feurth Edition, revised and enlar, 55.%

186. 4 GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By Georee Fierp. New Edition, enlar and
adapted to the Use of the Ornamental Painter and Designer. By Eruis A.
DavipsoN. With two new Coloured Diagrams, &c. 3s.%

@S~ The § indicates that these wols, may be had strongly bound at 6d. extra.
LONDON : CROSBY LOCKWOOD AND CO.,




WEALE'S RUDIMENTARY SERIES. 9

AGRICULTURE, GARDENING, ETC.

66. CLAY LANDS & LOAMY SOILS. By Prof. DONALDSON, Is.
131. MILLER'S, MERCHANT'S, AND FARMER’S READY
RECKONER, for ascertaining at sight the value of any quantity of Corn,

from One Bushel to One Hundred Quarters, at any given price, from 41 to
1s.

séés Iper Qr. With a%roximate values of Millstones, Millwork, &c.
140. LS, MANURES, AND CROPS. (Vol. 1. OUTLINES OF
MopERN FARMING.) By R.Scorr Burn., Woodcuts. 2s.

141. FARMING & FARMING ECONOMY, Notes, Historical and
Practical, on. (Vol. 2.0uTLINES OF MODERN FARMING.) By R. ScorT BURN. 3s.

142. STOCK ; CATTLE, SHEEP, AND HORSES. (Vol. 3.
OuTLINES OF MODERN FARMING.) By R. Scorr BurN. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By
R. Scort BurN. With Notes on the Diseases of Stock. (Vol. 4. OUTLINES
oF MoDERN FARMING.) Woodcuts. 2s.

146. UTILIZATION F SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. 5. OuTLINES OF MODERN
FaruinG.) By R. Scorr BurN. Woodcuts. 2s.6d.

*4* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled * OuTLINES OF
MobERN FARMING.” .’By RoBeERT Scort BurN, Price 12s.

177. FRUIT TREES, The Scientific and Profitable Culture of. From
the French of Du BreuiL. Revised by Geo. GLENNY. 187 Woodcuts. 3s.6d.4

198, SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND
DISEASES OF. By W. C. Spooner, M.R.V.C., &c. Fourth Edition,
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t

201. KITCHEN GARDENING MADE EASY. Showing how to
Vepare and lay out the ground, the best means of cultivatin%every known

egetable and Herb, with full cultural directions, &c. By GeorGe M. F.
GLENNY. 15.6d.3

207. OUTLINES OF FARM MANAGEMENT, ard 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, &c., &c.
By RoBERT ScoTrt BURN. 2s. 6d.3

208. OUTLINES OF LANDED ESTATES MANAGEMENT:
Treating of the Varieties of Lands, Methods of Farming, Farm Buildings,
Irrigation, Drainage, &c. By R. Scort BurN. 2s.6d.3

8,8 Nos. 207 & 208 im One Vol., handsomely Ixa{f-bound, entitled * OUTLINES OF
LANDED ESTATES AND FARM MANAGEMENT.” By R. ScorT BURN. Price 6s.

209. THE TREE PLANTER AND PLANT PROPAGATOR.
A Practical Manual on the Propagation_of Forest Trees, Fruit Trees,
Flowering Shrubs, Flowering Pla.nts‘ Pot-Herbs, &c. By Samuer Woon.

Illustrated. 2s.3 )

210, ZHE TREE PRUNER. A Practical Manual on the Pruning of
Fruit Trees, including also their Training and Renovation ; also the Pruning
of Shrubs, élimbers, and Flowering Plants. By Samuer Woop. 2s.

9% Nos. 209 & 210 1 One Vol., Iaand:om{y kal/y-éo:md, entitled * THE TRER
PLANTER, PROPAGATOR AND PRUNER.” By SAMueL Woobp. Price ss.

219. THE HAY AND STRAW MEASURER : Being New Tables
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c.,
forming a complete Calculator and Ready-Reckoner, especially adapted to
persons connected with Agriculture. Fourth Edition. By JouN STRELE. 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 Prof. JouNn DoNALDsON and R. ScorT BUrN. 3s. 6d.t

231. THE ART OF GRAFTING AND BUDDING. By CHARLES
BALTET, With Illustrations, 2s. 6d.% . [Fust pudlished.

232, COTTAGE GARDENING ; or, Flowers, Fruits, and Vegetables
for Small Gardens. By E. HoepAY. 1s. 6d, Fust published.

233. GARDEN RECEIPTS. Edited by CHARLES W. QUIN. 1s. 60,

(Fust pubdlished.

BIS™ The § $ndicales that these vols. may be had stromgly dound at 6d. extra.
7, STATION ERS’ 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 concisevl& Explained. Bya']l. F. HEATHER, M.A., of the Royal Military
Academy, Woolwich. Original Edition, in 1 vol., Tifustrated. 1s. 6d.

¥ o® I8 ordering the above, be careful to say, ** Original Edition (No. 32), Yo distin-

guish st from the Enlarged Edition n 3 vols. (Nos. 168-9-70.)

60. LAND AND ENGINEERING SURVEYING, a Treatise on;
with all the Modern Tmprovements. Arran for the Use of Schools and
Private Students; also gr Practical Land Surveyors and Engineers. By
T. Baker, C.E. New Edition, revised by EDwARD NUGENT, S.E. Illus-
trated with Plates and Diagrams. 2s.% °

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. 65 to £1 per acre,and
Tables for the Valuation of Land, trom 1s. to £71,000 per acre, and from one
pole to two thousand acres in extent, &c., &c. 1s. 6d.

76. DESCRIPTIVE GEOMETRY, an Element; Treatise on;
with a Theor;"l_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
Apﬁlication of Descriptive Geometry to various branches of the Arts. By
J. F. Heatugr, M.A. Illustrated with 14 Plates. 2s.

178, PRACTICAL PLANE GEOMETRY : gwmg the Simplest
Modes of Constructing Figlm 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 JAmgs HAppox,
M.A., Arithmetical Master of King’s tollege School, London. 1s. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of its Theoretical Principles, and numerous Examplesfor Practice, For
the Use of Schools and for Self-Instruction. By J.R. Youne, late Professor
of Mathematics in Belfast College. New Edition, with Index, 1s, 6d.

84*. A Key to the above, containing Solutions in full to the Exercises, ther
with C t: "7,‘ tions, and Improved Processes, for the Use of

Teachers and Unassisted Learners. By J. R. Young. 1s. 6d.

85. EQUATIONAL ARITHMETIC, agplied to Questions of Interest,
85*, Annuities Life A , and G 1 ce ; with various Tables by
which all Calculations may be greatly facilitated. By W. HipsLyy. 2s.

86. ALGEBRA, the Elements of. By JAMES HADDON, M.A.,
Second Mathematical Master of King's College School. With A; lpendix,
containing miscell Investigations, and a Collection of Problems in
various parts of Algebra. 2s.

85%. A Kxy AND COMPANION to the ahave Book, forming an extensive repository of
Solved Examples and Problems in 1llustration of the various xYedients
necessary in Algebraical Operations. Especially adapted for Self-Instruc-
tion. By J. R.Youne. 1s.6d.

88, EUCLID, THE ELEMENTS OF : with many additional Progositions

89, and Explanatory Notes: to which is prefixed, an Introductory y on
Logic. By Henrv Law, C.E. 2s.6d.%

®48 Sold also separately, vis. :—
88. ERucum, The First Three Books. By Hanry Law, C.E. 3% 6d.
8. Evcuip, Books 4, 8, 6, 11, 12. By HENRY Law, C.E. 1s.6d.

@™ The } indicales that these vols. may be had strongly bound at 6d. extra.
‘LONDON { CROSBY LOCKWQOD AND CO.,




WEALE'S RUDIMENTARY SERIES, Iz

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 f R.Young, formeriy Professor of Mathematics at Belfast College. 2s.f
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
HANN., Revised by CuarrLes H. Dowring, C.E. 1s.
*® Or with *“ The Elements of Plane Trigonometry,” sn 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. NueenT, 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, DIFFER NTIAie CALCULUS, Elements of the. By W. S. B,
‘Woornousg, F.R.A.S,, &c. 1s, 6d.

105. MNEMONICAL LESSONS. — GEOMETRY, ALGEBRA, AND
. TrIGONOMRTRY, in Easy Mnemonical Lessons. By the Rev. THoMAs
PENYNGTON KIRKMAN, MLA, 1s. 6d.

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-
Ins;r;ction. By JAmes Hapoon, M.A. Revised by ABRAHAM ARMAN.
18, 6d.

137. A Ky 170 HADDON’S RUDIMENTARY ARITHMETIC, By A. ARMAN. 1s, 6d.

168, DRAWING AND MEASURING INSTRUMENTS, Tnclud-
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
Arithmetical Computations. . F. Heatuer, M.A,, late of the Royal
Military Academy, Woolwich, Kuthor of ¢ Descriptive éeometry," &c., &c.
Illustrated. 1s. 6d.

169. OPTICAL INSTRUMENTS. Including (more especially) Tele-
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans
by Photography. By J. F. ﬁxu‘ulx, 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 J. F. Heatuer, M.A. Illustrated. 1s.6d.

& The above three volumes form an enlargement of the Author’s original work'
Y Mathematical Instruments: their Construction, Adjusiment, Testing,and Use,’
the Thivteenth Edition of whichk 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 entirely re-written. The 3 Parts as

170.) above, in One thick Volume. With numerous Illustrations. 4s.6d.3

158. THE SLIDE RULE, AND HOW TO USE IT; containing
full, easy, and simple Instructions to perform all Business Calculations with
uuexampfed rapidity and accuracy. By Cuarrss 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,

t , Architects, and others, By RicHArRD Horrton. Fourth
Edition, with valuable additions. 4s.; strongly bound in leather, §s.

196. THEORY OF COMPOUND INTEREST AND ANNUI-
TIES; with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c. By FEpor THOMAN. 4s.%

BF™ 7ke t indicates that (hese vols. may be kad strongly bound at 6d. extra,
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.




12 WEALE'S RUDIMENTARY SERIES.

Arithmetic, Geometry, Mathematics, etc., continued.

199. INTUITIVE CALCULATIONS; or, Easy and Compendious
Methods of Performing the various Arithmetical (;)feratiom required in
Commercial and Business Transactions ; together with Full Explanations of
Decimals and Duodecimals, several Useful Tables, &c. B
O’GorMAN. Twenty-fifth Edition, corrected and enlarged by J. l{
formerly Professor of Mathematics in Belfast College. 3s.3

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. Youne, formerly Professor of Mathe-
matics in Belfast Collgge. New Edition. 3s. 6d.%

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
ZIONS, and an_ Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W, S. B. Woornouse, F.R.A.S., F.S.S. Sixth Edition,
carefully revised and enlarged. 2s.t

227, MATHEMATICS AS APPLIED TO THE CONSTRUC-
TIVE ARTS. Illustrating the various processes of Mathematical Investi-

tion, by means of Arithmetical and imfple Algebraical Equations and
tical Examples; also the Methods of Analysing Principles and De-
ducing Rules and F{ormulz, apglica.ble to the Requirements of Practice.
By Francis Campeiv, C.E., Author of ‘““Materials and Construction,” &c.
Second Edition, revised and enlarged by the Author. 3s.% [Fust pudlished.

5

MISCELLANEOUS VOLUMES.

36. 4 DICTIONARY OF -TERMS wused in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH/E-
OLOGY, the FINE ARTS, &c. By Joun WeALE. Fifth Edition. Revised
by Roserr HunTt, F.R.S,, Keeper of Mining Records. Numerous Illus-
trations. §s. cloth limp ; 6s. cloth boards.

50. THE LAW OF CONTRACIS FOR WORKS AND SER-
VICES. By Davip Gieeons. Third Edition, enlarged. 3s.%

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.%

112%, MANAGEMENT OF HEALTH. A Manual of Home and
Personal Hygiene. By the Rev. Jomes Bairp, B.A. 1s.

150. LOGIC, Pure and Applied. By S. H. EMMENs.  1s. 6d.

153. SELECTIONS FROM LOCKE’S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H. EMMENS._ 2s.

154. GENERAL HINTS TO EMIGRANTS. Containing Notices
of the various Fields for Em‘i’%gation. ‘With Hints on Preparation for
Emigrating, Outfits, &c., &c. ith Directions and Recipes useful to the

© Emi t. With a Map of the World. 2s.

157. T]EHE£ EMIGRANI’S GUIDE TO 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. %Major W.W.KNO LYS, F.R.G.S., 93rd
Sutherland Highlanders, &c. ith 163 Woodcuts. 3s.t

194 THE HOUSE MANAGER : Being a Guide to Housekeeping.
Practical Cookery, Fickling and Preserving, Household Work, Dairy
Management, the Table and Dessert, Cellarage of Wines, Home-brewing
and \%ine-making, the Boudoir and Dressing-room, Travelling, Stable
Economy, Gardening Operations, &c. By AN OLbp HOUSEKEEPER. 3s. 6d.%

194. HOUSE BOOK (Zhe). Comprising :—I. THE HOUSE MANAGER.

112. Byan OLp Housekeerzr. II. Domestic MepicINE. By RALpe Goobping,

& }lD. III. MANAGEMENT oF HEALTH. By JamEs Barp. In One Vol.,

[12% strongly half-bound. 6s.

OB~ The t indicates thal these vols., may be had strongly bound ot 64, extra.
LONDON : CROSBY LOCKWOOD AND CO..
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EDUCATIONAL AND CLASSICAL SERIE_ST

HISTORY.

1. England, Outlines of the History of; more especially with
reference to the Origin and Progress of the English Constitution. By
‘WiLLIAM DOUGLAS MmiLToN, F.S.A., of Her Mgajesty’s Public Record
Office. 4th Edition, revised. §s.; cloth boards, 6s.

. Greece, Outlines of the History of; in connection with the
Rise of the Arts and Civilization in Europe. By W. DoucrLAs HamMiLTON
of University College, London, and EpwaRD LEvIEN, M.A., of Balliol
College, Oxford. 2s. 6d.; cloth i)oards, 38, 6d.

7. Rome, Outlines of the History of: from the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire.
By EpwWARD LevIEN, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s.6d.
9. Chronology of History, Art, Literature, and Progress,
from the Creation ot the World to the Conclusion of the Franco-German War.

The Continuation by W. D. HamiLton, F.S.A. 3s.; cloth boards, 3s. 6d.
s0. Dates and Events in English History, for the use of
Candidates in Public and Private Examinations, Bythe Rev. E, RanD, 1s.

ENGLISH LANGUAGE AND MISCELLANEOUS.

11. Grammar of the English Tongue, Spoken and Written.

‘With an Introduction to the Study of Comparative Philology. By Hyps
CrARrKE, 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 &erman, Danish, Swedish, Icelandic, Latin Italian, French, Spanish, and

Portuguese Tongues. By HYDE CLARKE, D.C.L. 1s. .

. Dictionary of the English Langua%{e, as Spoken and

‘Written. Containing above 100,000 Words. By Hype Crarkg, D.C.L.

38. 6d.; cloth boards, 4s.6d. ; complete with the GRAMMAR, cloth bds., 33.6&.

. Composition and Punctuation, familiarly Explained for
those who have %?lected the Study of Grammar. By JUSTIN BRENAN.
37th Edition. 1s.6d. ..

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 p t Acceptation and Pr t!
By J. RowsornaM, F.R.A.S. Improved Edition. 1s.6d. .

s1. The Art of Extempore Speaking: Hints for the Pulpit, the
Senate, and the Bar. By M. BAUTAIN, Vicar-General and Professor at the
Sorbonne. Translatedfromthe French. 7th Editioq,careﬁnllycorrected. 2s.6d.

52. Mining and Quarryin%, with the Sciences connected there-
with. First Book of, for Schools. Byd]'. H. CoLuins, 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.

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Brief Lreatise upon Modern Chemical N omencla-
ture and Notation. By Wwm. W. PiNnk 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

e

N

oo

4

of Schools.

INTRODUCTORY PRIMER, 3d.
: s. d. s d
FIRST STANDARD . . 0 6 | FOURTHSTANDARD . . . I 2
Seconp « . o1 | Firtn ”» . .1 6
Tk, . .10 . 1 6

SIXTH » .

Lzssons FROM THE BinLe. Part I. Old Testament. 1s. .
Lzssons ProM THE Bipte. Part II. New Testament, to which is added
THB GEOGRAPHY OF THE BIIL!‘ for very young Children. By Rev. C.
THORNTON FORSTER. 18.2d. *,* Or the Two Partsin One Volume. ss.

7 STATIONERS’ HALL COURT, LUDGATE HIL}s ".C.
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. b G FI‘KENCH.
2 renc! rammar. With Complete and i
4 Genders of French Nouns. By G. L. SIPRAUSS, Ph.%o.n?ss.eédl.{ ules on the
25. French~English Dictionary. Comprising a large number of
New '._l‘erms used in Engineering, Mining, &c. By ALrREp ELwgs. 1s.6d.
26. English~French Dictionary. By ALFRED ELWEs. 2s.
25,26. French Dictionary (as abovg. (,yomplete, 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 .
lection of suitable Phrases, and Ea;sy Familiar Dialogues, 1s. opds a Col

GERMAN.
39. German Grammar. Adapted for English Students, from
Heyse’s Theoretical and Practical Grammar, by Dr. G. L. STRAUSS. 18.
40. German Reader: A Series of Extracts, carefully culled from the
most approved Authors of Germalg; with Notes, Philological and Ex-
é:lanatory. By G. L. StrAuss, Ph.D. 1s.
erman Triglot Dictionary. By NICHOLAS ESTERHAZY
S. A. Hamicton. In Three Parts. Part I. German-French-English.
Part II. English-German-French. Part III. French-German-English.
38, or cloth boards, 4s.
41-43 German Triglot Dictionary (as above), together with German
& 39. Grammar (No. 39), in One Volume, cloth boards, ss.

41-43.

ITALIAN.
. Italian Grammar, arranged in Twenty Lessons, with a Course
of Exercises. By Arrrep ELwes. 1s.6d.
28. Ytalian Trigiot Dictionary, wherein the Genders of all the
Ttalian and French Nouns are carefully noted down. By ArLrrep ELwes.
Vol. 1. Italian-English-French. 2s.6d. .
jo. Italian Triglot Dictionary. By A. ELwes. Vol z.
English-French-Italian. 2s.6d.
32. Xtalian Triglot Dictionary. By ALFRED ELWES. Vol 3.
French-Italian-English. 2s. 6d.
28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.
33. Cloth boards.

SPANISH AND PORTUGUESE.

14. Spanish Grammar, in a Simple and Practical Form. With
a Course of Exercises. By ALrrep ELwes. 1s. 6d.

35. Spanish-English and English~-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering, &c.,
with the proper Accents and the Gender of every Noun. By ALFRED ELWES.
48.; cloth boards, 55. *,* Or with the GRAMMAR, cloth boards, 6s.

§5. Portuguese Grammar, in a Simple and Practical Form.
‘With a Course of Exercises. By Arrrzp ELwrs. 1s.6d.

56. Portuguese~English and English—Portuguese Dic-
ttonary, with the Genders of each Noun. By Arrzep Erwes.

[/n preparation.

»
~¥

HEBREW.
46*. Hebrew Grammar. By Dr. BRESSLAU. 1Is, 6d.
44. Hebrew and English Dictionary, Biblical and Rabbinical ;

containing the Hebrew and Chaldee Roots of the Old Testament Post-
Rabbinical Writings. By Dr. BrREssLAU. 6s

46. English and Hebrew Dictionar'y. By Dr. BRESSLAU.  3s.
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with
46%  the GRAMMAR, cloth boards, 12s.

LONDON ;: CROSBY LOCKWQOD AND €0, -
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary
Principles of Translation and Construction. Bythe Rev. THOMAS GOODWIN,
.A., Head Master of the Greenwich Proprietary School. 1s.

20. Latin-English Dictionary. By the Rev. THOMAS GOODWIN,

M.A, 2s,
2z. 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 gs 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 Expl y Notes, by H. Youna. 1s.6d:

2. Ceesaris Commentarii de Bello Gallico. Notes, and a Geographica
Register for the Use of Schools, by H. Youne. 2s.

3. Cornelius Nepos. With Notes, By H. Young. 1Is,

4. Vir%ilii Maronis Bucolica et Georgica. With Notes on the Buco-
¥ics by W. Rusaton, M.A., and on the Georgics by H. Youna, 1s. 6d.

[ ‘iir%ilii Maronis Aneis, With Notes, Critical and Explanatoz,

y H. i-

2 Young. New Edition, revised and improved. With copious Ad
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 Sxzculare. Notes by H.
Youne. 1s. 6d. .
7. Horacej Satires, Epistles, and Ars Poetica. Notes by W. BRowN-
rice Smite, 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. Terentii Andria et Heautontimorumenos. With Notes, Critical
and Explanatory, by the Rev. JaAMBs Davies, M.A. 1s. 6d.
10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical
and tory, by the Rev. JAurs Davizs, M.A. 2s.
1. ’rergdntil Eunuchus, Comcedia. Notes, by Rev. J. Davixs, M. A,
18. .

13. Ciceronis Oratio pro Sexto Roscio Amerino. Fdited, with an
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.
James Daviss, M.A. 13.

§3. Ciceronis Orationes in Catilinam, Verrem, et pro Archia,

‘With Introduction, Analysis, and Notes, Explanatory and Critical, I())y Rev.
T. H. L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford.

18, 6d.

14. Ciceronis Cato Major, Lalius, Brutus, sive de Senectute, de Ami-
citia, de Claris Oratoribus Dialogi. With Notes by W. BROWNRIGG SMITH,

A., F.R.G.S. 2s.

16. Livy: History of Rome. Notes by H. Younc and W, B. SMITH,
M.A. Parti. Books i, ii., 1s. 6d.

16%, ———— Part 2. Books iii,, iv., v., 18. 6d.

17. Part 3. Books xxi., xxii., 1s. 6d.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,
and Ovid. Notes by W. B. Donng, M.A., Trinity College, Cambridge. 2s.

20, Latin Prose Selections, from Varro, Columella, Vitruvius,
Seneca, (%uinﬁl.ian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. DoNng, 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.

7) STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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GREEK.

4. Greek Grammar, in accordance with the Principles and Philo-
logical Researches of the most eminent Scholars of our own day. By Hans
Craupe HamiLtoN, 1s. 6d. i

15,17. Greek Lexicon. Containing all the Words in General Use, with
their Significations, Inflections, and Doubtful Quantities. By Hexry R.
HawmiLton. Vol. 1. Greek-Eug’lish, 28. 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 th RAMMAR
4 17'? One Vol., cloth boards, 6s. ) plete, Wi ¢ G i

GREEK CLASSICS. With Exgxlanatory Notes in English,

1. Greek Delectus. Containing Extracts from Classidal Authors,
with Genealogical Vocabularies and Exglanatory Notes, by H. Younc. New
Edition, with an improved and enlarged S ppl tary Vocabulary, by Joun
Huzcuison, M.A., of the High School, Glasgow. 1s.6d.

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 ii.,
18. Part 2. Books iv. to vii., 1s.

4. Lucian’s Select Dialogues. The Text carefull revised, with

Grammatical and Explanatory Notes, by H. Younc. 1s. 6d,

§-12. Homer, The Works of, According to the Text of BAEUMLEIN.
‘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.

THe ILAD: Part 1. Books i. to vi.,, 1.6d. | Part 3. Books xiii, to xviii., 2s. 6d.

Part 2. Books vii.to xii., 15.6d. | Part 4. Books xix. to xxiv., 1s. 6d.

THe OpvsssY. Part1. Booksi. to vi., 18, 6d Part 3. Books xiii. to xviii., 1s. 6d.

Part 2. Books vii. to xit., 1s. 6d. Paét 4. Books xix. to xxiv., and
ymns, 2s.

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and
the Phazdo. From the Text of C. F. HErMANN. Edited with Notes, Critical
and Explanatory, by the Rev. JAMES 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, b ?. H. L. Leary, M.A,, D.C.L.

Part 1. Eooh i (The Clio and Eubﬁpe), 29,
Part 2. Books v. g_rbhe Thalia and Melpomene), 2s.

Part 3. Books v.-vii. (The Terpsichore, Erato, and Pol nia), 2s.
Part 4. Books viii., ix. (The Urania and Calliope) and Index, 1s. 6d.

18. Sophocles: (Edipus Tyrannus. Notes by H. YOUNG. 1Is.

20. Sophocles: Antigone. From the Text of DINDORF. Notes,
Critical and Explanatory, by the Rev. Jorn MiLNER, B.A. 2s.

23. Euripides: Hecuba and Medea. Chiefly from the Text of DIN-
ﬁ)ir. FT% gotes, G?iﬁﬁcal and Explanatory, by W. B Smirsn,

., 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. Aschylus: Prometheus Vinctus : The Prometheus Bound. From
the Text of Dinnorr. Edited, with English Notes, Critical and Explanatory,
by the Rev. JAMEs DAvies, M.A. 1s. .

32, Zschylus: Septem Contra Thebes: The Seven against Thebes
From the Text of Dinporr. Edited, with English Notes, Critical and L~
planatory, by the Rev. JAMEs DaAvies, M.A. 1s.

40. Aristophanes: Acharnians. Chiefly from the Text of C. I,
Weise. With Notes, by C. S. T. Townsusnp, M.A._ 1s. 6d.

41. Thucydides: History of the Peloponnesian War. Notes by H.
Young. Book r. 1s.

42. Xenophon’s Panegyric on Agesilaus. Notes and Intro-
duction by L. F. W. JeEwIrT. 1s.6d. .

43. Demosthenes. The Oration on the Crown and the Philippics.
With English Notes. By Rev. T. H. L.LeAxY, D.C.L., formerly Scholar of
Brasenose College, Oxford. 1s. 6d.

o= CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, E.C.
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Humber's New Work on Water-Supply.

A COMPREHENSIVE TREATISE onthe WATER-SUPPLY
of CITIES and TOWNS. By WiLLiAM 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 :—

L. Historical Sketch of some of the
means that have been adopted for the
Supply of Water to Cities and Towns.—
II. Waterand the Foreign Matter usually’
associated with it.—I1I. Rainfall and
Kvaporation.—IV. Springs and the water-
hearing formations of various districts,—

. M t and Estimation of the
Flow of Water.—VI, On the Selection of

Machinery,—XII. Conduits.—XIII. Dis«
tribution of Water.—XIV. Meters, Ser-
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, amo

the Source of Supply.—VII. Wells,— | which will be found :—Aberdeen, Bidefo
VLT, Reeervoirs.—lgf. The Purification | Canterbury, Dundee, Halifax, Lambeth,
of Water.—X. Pumps.—XI. Pumping | Rotherham, Dublin, and others.

‘¢ The most systematic and valuable work upon water supﬁly hitherto produced in
F.nglish, or in any other language . . . . Mr. Humber's work 1s characterised almost
throughout by an exhaustiveness much more distinctive of French and German than
of English technical treatises.”— Engineer.

Humber's Great Work on Bridge Construction.

A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, includin,
Iron Foundations. In Three Parts—Theoretical, Practical, an
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/. 165, 6d. half-bound in morocco.

‘“ A book—and particularly a large and costly treatise like Mr. Humber’s—which
has reached its third edition may certainly be said to have established its own
reputation.”—ZEngineering,
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Humber's Modern E

ngineering.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING. First Series, Comprising Civil, Mechanical, Marine, Hy-

draulic, Railway, Bridge, and other En,
‘WiLLiaM HuMBER, A-M. Inst. C,
36 Double Plates, drawn to a

Hawkshaw C.E., ,F.R.S., &c.,
fications, &c.
List o

c‘g.“%m su)ms':m"id e Pler (s platesy

tes) t| 1er (2 ates
Vit:torug2 non and Rpmt . li) and
G.W. R Iates) Roof of Cremorne
Musu: Hall e over G. N. Railway;
Snuon 5utch Rhemsh Rail (a‘

eering Works, &c.

with
gl.l: &c. Imp. 4to, wi

large scale, and Portrait of John
and descriptive Letter-press, Speci-

3/. 3s. half morocco.
Lf the Platu

and Di.

Y}:tes) g dge over the Thames, West
ndon Extension le“ﬁ plates) ;

mour Plates ; Suspension dge

g plates) - The Allen En, uspenslon

ndge, Avon (3 plates, f' Undexg'round

lway 3 plates

to

and
mapemanentfomoopusofthephnsand

It will favourwith many who demo

e womke e incer

e contractors for important e: gineey.
HUMBER’S RECORD OF MODERN ENGINEERING Second

Series,
phenson,
&c. 3/ 35 haif morocco.

Blrkenhead Docks, Low Water
(15 glates) Cross Station Roof,

way ( ) ; Digswell Via:
duct, G. Rallway Robbery Wood

Viaduct, G N. Ranlway, Iron Permanent | L. C.

Way ; Clydach Viaduct, Merthyr, 'I‘re-
egar, and Abergavenny Railway

List q/ the Plates
ter Basin

Imp. 4to, with 36 Double Plates, Portrait of Robert Ste-
C.E., &c., and descriptive Letterpress, Specifications,

M uﬂdenh Tred d Aberga-
Viaduct, ) egar, and

venny Rallway’,'rColle egwood Viaduct,

Cornwall way H in Winter Palace

Roof (3 plates) ; Bndge over the Thames,

an . Rail way (6 plates); Albert

Harbour, Greenock (4 plates).

HUMBER’S RECORD OF MODERN ENGINEERING. Third
Series. Imp. 4to, with 40 Double Flates, 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 Diagra

" MAIN DRAINAGE, METROPOLIS. —
Nortk Side.—Map showing Interception
‘of Sewers ; Middle Level Sewer (2 plates);
Outfall Sewer, Bridge over River Lea (
lates); Outfall Sewer, Bridge over Mai
iane, North Woolvnch R:ulway, and Bow

and Barkm! way Junction ; Outfall
Sewer. Bri ﬁtom Bow and Barkmg
es); Outfall Sewer, Bridge

(3

over Eaet f.ondon Waterworks’ Feeder
(2 plates); Outfall Sewer, Resérvoir (2
plates); Cutfall Sewer, Tumbling Bay
and Outlet. Outfall Sewer, Penstocks.
South Side.—Outfall Sewer, Bermondsey

Branch (2 plates) Outfall Sewer, Reser-
voir and Outlet (4 plates); Outfall Sewer,
Filth Hoist; Sections of Sewers (North
and South Sldes).

THAMES EHBANKM!NT —Sechon of
River Wall; ier,
(2 plates); Lnndmg Stairs between Cha-
ring Cross and Waterloo Bridges ; York
Gate (z plates) ; Overflow and Outlet at
Savoy Street Sewer (3 plates) ; Steamboat
Pier, Waterloo Bridge g pla

tes); Junc-
tion of Sewers, Plans and Sections ; Galli ies,
Plans and Secuons Rolling Stock ; Gra-
nite and Iron

HUMBER’S RECORD OF MO]
Series. Imp. 4to, with %‘?
Esq., late Pres. Inst. C.
tions, &c.

an

SERN ENGINEERING. Fourth

Double Plates, Portrait of John Fowler,

d descriptive Letterpress, Specifica-

34 3s. half morocco.

List of the Plates and Diagrams.

Abbey Mills Pumping Station, Main
Drainage, Metropolis (4 plates); Barrow
Docks (5 plates) ; Manquis Vladuct, San-
tiago and Va.lparmso Railwa (a plates);
Adam’s Locomotive, St. Helen's Canal
ﬁdll{v’l h(z plntg) H Calg:tlm Str(eet Sltauon

00! aring Cross Railwa; ates;
Road Bridge over the R\vzt 3Nroka %2
plates). Telegraphic Apparatus for Meso-

ﬁtamla Viaduct over the River Wye,
idland Railway (3 plates); St. German’s
Viaduct, Cornwall glmlway (2 plates) ;
Wrought-Iron Cylinder for Diving Bell ;
Millwall Docks (g plates); Milroy’s atent
Excavator, Metropolitan District Railway
(6 plates) ; Harbours, Ports, an
waters (3 platu
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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 WiLL1AM
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 employinfa‘id:m i:' tl:a :ubstituteuforue:: Ie:
. 9 respect Mr,

coinpmgﬁﬁ is on::xtl}; comieg Eto great
W‘Pﬁe}omzl:p are n:ntl;l:pmed, and the dugnms £00d."==A theneum,
Strains.
THE STRAINS ON STRUCTURES OF IRONWORK;
with Practical Remarks on Iron Construction. By F. W. SHEILDs,
M. Inst. C.E. Second Edition, with § Plates. Royal 8vo, §s. cloth.

““The student cannot find a better little book on this subject than that writtea by
Mr. Sheilds.”—Engineer. .
Barlow on the Strength 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. BarLow,
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 sm.whiqh has yet appeared. . . . . We know of
no work that so completely fi its mission.”"—English Mechanic.
‘* The standard treatise upon this particular subject.”—ZEngineer.
Strength of Cast Iron, &.
A PRACTICAL ESSAY on the STRENGTH of CAST IRON
and OTHER METALS. By THoMAs TREDGOLD, 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,
Pi and Rivers. With New Formule, Tables, and General
Information 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, 14s. cloth,
“‘Undoubtedly an exceedingly useful and elaborate compilation.”—J7ron.
“ .Alike valuable to student.g and engineers in practice.”—Mining Fournal,
River Engincering.
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
L. J. MANN, Assistant Engineer to the Dublin Port and Docks
Board. With Illustrations, Royal 8vo, 7s. 6d. cloth. [Fust published.
: B2
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Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of
LEVELLING ; showing its Agphcation to Purposes of Railway
and Civil Engmeenng, m the Construction of Roads; with Mr.
TeELFORD’s Rules for the same. By FREDERICK W. SIiMMms,
F.G.S., M, Inst. C.E. Sixth Edition, very carefully revised, with
the addition of Mr. LAW’S Practical Examples for Settmg out
Railway Curves, and Mr. TRAUTWINE’s Field Practice of Layi
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,
8&s. 6. cloth. *.* TRAUTWINE on Curves, separate, 55

‘‘ The text-book on levellmgmmut of our engineering schools and colleges,”—

W
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. StMms, 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 Engravmgs, 30s. cloth
“ It has been regarded from the first as a text-book of the subject. . . . Mr. Clar
has added immensely to the value of the book.”—ZEngincer.
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 Engincering.
CIVIL ENGINEERING. By HenNry 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. 6d., cloth. [Frest publz:hed

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, & Iron.
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION OF MASONRY, TIMBER, AND IRON ; consisting of
46 Plates from the Contract Drawings or Admeasurement of
‘Works. By W. Davis HaskoLrL, C.E. Second Edition, with
the addition of 554 Estimates, and the Practice of Setting out Works,
with 6 pages of Diagrams, Imp. qto, 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 oonsxdcnbly enhance its value.”—Engirncering.

Earthwork.
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 FnANCIs
CamrIN, C.E. Cr, 8vo, oblong, §s. cloth,
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Tramways and their Working.
TRAMWAYS : their CONSTRUCTION and WORKING.
‘With Special Reference to the Tramways of the United Kingdom.
By D. KINNEAR CLARK, M. Inst. C, E., Author of ¢Railway
Machinery,’ &c., 2vols. 8vo, with Wood Engravings and thirteen
folding Plates, 30s. cloth.

*+* The Second or Supplementary Volume, recording analyti-
cally the Progress recently made in the Design and Construction
of Tramways, and in the Means of Locomotion by Mechanical
Power, may be had separately. With Wood Engravings. Large
Crown 8vo, 12s. cloth. [ Fust published.

“ All interested in tramways must refer to it, as all railway engineers have turned
to the author’s work * I.uilway Machinery.’ "—T%e Engineer.
Pioneer Engineering.
PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Countries. By EpwarD 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 pioneer engineer.”—A theneum.

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 Illustrations. Crown 8vo, 6s. cloth.
“ Mr. Goodeve’s text-book is a work of which every young engineer should pos-

»,

sess himself.”—Mining ¥
Steam.
THE SAFE USE OF STEAM : containing Rules for Unpro-

fessional Steam Users, Byan ENGINEER. 4th Edition. Sewed, 64.
¢ If steam-users would but learn this little book by heart, boiler explosions would

become sensations by their nri.ty."—Ev.thull Mec.

Mechanical Engineering.
MECHANICAL ENGINEERING: Comprising Metallurgy,
Moulding, Casting, Forging, Tools, Workshop Machinery, Mecha-
nical Manipulation, Manufacture of the Steam Engine, &c. By
Francis CampIN, C.E. 12mo, 3s. cloth boards.

Works of Construction.
MATERIALS AND CONSTRUCTION : a Theoretical and
Practical Treatise on the Strains, Designing, and Erection of
‘Works of Construction. By F. CAMPIN,C. E. 12mo. 3s. 64. cl, brds.

Ivon Bridges, Girders, Roofs, &c.
A TREATISE ON THE APPLICATION OF IRON
TO THE CONSTRUCTION OF BRIDGES, GIRDERS,
ROOFS, AND OTHER WORKS. By F.CamrIN, C.E. 12mo, 3s.

Boiler Construction.
THE MECHANICAL ENGINEER'S OFFICE BOOK :
Boiler Construction, By NELsoN FoLEY, Cardiff, late Assistant
Manager Palmer’s Engine Works, Jarrow. With 29 full-page
Lithographic Diagrams, Folio 21s. half-bound. [ Jus? published,
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Obligue Arckes.

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.I.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, 125, cloth.

“The standard text book for all engineers regarding skew arches is Mr. Buck’s

treatise and it would be impossible to consult a better,”—Engincer.

Gas and Gasworks.
THE CONSTRUCTION OF GASWORKS AND THE
MANUFACTURE AND DISTRIBUTION OF COAL-GAS.
Originally written by SAMUEL HucHEs, 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. 4. 64. cloth.

Locomotive-Engine Driving.

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for
Engineers in charge of Locomotive Engines. By MICHAEL
ReyNoLDs, M.S.E., formerly Locomotive Inspector L. B. and
S. C. R. Fourth Edition, greatly enlarged. Cowmprising A
KEY TO THE LOCOMOTIVE ENGINE. Witg 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 locomotive engines.”—Zngineer. |
The 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 REvNoLDS, Author of
¢ Locomotive-Engine Driving.” Crown 8vo, 4s. 6d. 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."—Znglish Mzdzzm
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 *‘Locemo-
tive-Engine Driving,” &c. With Plates and Woodcuts, and Steel
Portrait of James Watt. Crown 8vo, 4s. 64. 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.

—
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Construction of Iron 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.
Fire Engincering.
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 ; Fore%n Fire Systems ; Hints on Fire Brigades, &c., &c.
By CHARLES F. T. Young, C.E. With numerous Illustrations,
handsomely printed, §44 pp., demy 8vo, 1/. 4s. cloth.

‘‘ We can most heartily commend this book.” —Engineering,

‘“Mr. Young’s book on ‘Fire Engines and Fire Brigades’ contains a mass of
information, 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
TRIg((:)allf‘IOlgE'ITRICAthgRliXEY, fgr {)l;:n:‘orﬁasﬁon oli; Geo-
ical and Topo, i aps an , Military Recon-
g?i:;ancc, Levellinpg, g;::p, with the I;tost useful Problems in
and Practical Astronomy. By LIEUT.-GEN, FROME, R.E,, late In-
spector-General 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 § 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. 64,
“ Each table is printed ona small card, which, being placed on the theodolite, leaves
the hands free to manipulate the instr " Engineer.
¢ Very handy ; 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."—
Engincering Fieldwork. [dthenzunm.
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 Haskorr, C.E,
Numerous folding Plates, In 1 Vol., demy 8vo, 1/ 5s., cl. boards,

Large Tunnel Shafts.

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Essay. By J. H. WaTsoN 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 iderable use. We d the book to
Sl‘x,e engineering profession, and to all who have to build similar shafts,”—Bwuilding

ews.
“ Will be ded by civil engil as of the utmost value, and calculated to save
much time and obviate many mistakes. V=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.L.C.E. Author of ¢ Hydraulic Manual and

Statistics,” &c. Large crown, 8vo, 12s. 6d., cloth.

¢ Mr. Jacl has d a valuabl de for the surveyor. We can

recommend this book as containing an admirable supplement to the teaching of the

accomplished surveyor.”—Athenaum.

‘‘ A general text 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 h ical of the subject a better course than to fortify

his practice in the field undel: .a‘ competent 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 tq his work a fortunate union of theory and practical expe-
rience which, aided by a clear and lucid sg'le of writing, renders the book both a very
useful one and vi 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, 3. cloth,

“A very useful book, and may be safely recommended. The author has had
practical experi.ence in the works of which he treats."—Buslder.
Locomotives.

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com-
prising an Historical Sketch and Description of the Locomotive
Engine. By G. D. DEmpsEY, C.E. With large additions treat-
ing of the MODERN LoCOMOTIVE, by D. KINNEAR CLARK, C.E.,
M.IL.C.E,, Author of “ Tramways, their Construction and Working,”
&c., &c. With numerous Ililusetlmtt’ion;; lzmttljl.ls 35 h?‘d. cloth boards.

“The student t fail t t ting thi i imil text-
Dok T o Coat T et Roions Y D Adopting this 2s bis preliminary tex

““ Seems a model of what an elementary technical book should be.”—Academy.

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. 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. 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. I. The Art of Constructing Common Roads. By
HENrRY 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, 5s. 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 Mackine (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 : a Practical Manual ;” ¢ Electric Light : its Production
and Use.” With Numerous Illustrations. 12mo, 2s. 64. cloth

_ boards.

Freld-Book for Engineers.
THE ENGINEER’S, MINING SURVEYOR'’S, and CON-
TRACTOR’S FIELD-BOOK. By W, Davis Haskovy, 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 {'heodolite, 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 System
of Tangential Angles by Sets of Tangents and Offsets ; and h-
work Tables to 8o feet deep, calculated for every 6 inches in depth.
‘With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.12s. cloth.

“The book is very handy, and the author might have added that the separate tables
of sines and tangents to every minute will make it useful for many other purposes, the
genuine traverse tables existing all the same.”—A thenzum.
¢ Cannot fail, from its portability and utility, to be extensively patronised by the
engineering profession,”—Mining Yournal. .
Earthwork, Measurement and Caleulation of.

A MANUAL on EARTHWORK. By ALEX. J. S. GRAHAM,
C.E., Resident Engineer, Forest of Dean Central Railway, With

numerous Di 18mo, 25, 6d. cloth.

‘¢ As a really hand k for reference, we know of no work equal to it; and the
railway engineers and others employed in the and calculation of earth-
work will find a great of Pr 1 information very admirabl ged, and

ilable for general or rough , as well as for the more exact calculations
ired in the ’ 's offices.”"—Artisan.

Drawing for Engineers, &e.
THE WORKMAN’S MANUAL OF ENGINEERING
DRAWING. By JoHN MaxToN, Instructor in Engineering
Dra Royal Naval College, Greenwich, formerly of R. S. N. A.,
South Kensington. Fourth Edition, carefully rewscd? ‘With upwards
of 300 Plates and Di 12mo, cloth, strongly bound, 4s.
“¢ A copy of it should be kept for reference in every drawing office.”—Engineering.
¢ Indi e t:or t?.chen of engineering drawing.”’—Meckanics’ Magasine,
Wealés Dictionary of Terms.
A DICTIONARY of TERMS used in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY,
ARCHAOLOGY, the FINE ARTS, &c. By JoHN WEALE.
Fifth Edition, revised by ROBERT HUNT, F.R.S., Keeper of Mining
Records, Editor of ‘¢ Ure’s Dictionary of Arts.” 12mo, 6s. cl. bds.
“ The best small technological dictionary in the language.”—Architect.
¢ The absolute 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 Minevals 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. 6. 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.

“ 'I;lyi‘e 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 present state of mining throughout
the world this book has a real value, and it supplies an actual want, for no such infor-
mation has hitherto been brought together within such limited space.”—Atkenanms.

Slate and Slate Quarrying.

A TREATISE ON SLATE AND SLATE QUARRYING,
Scientific, Practical, and Commercial. By D. C. Davigs, F.G.S.,
Mining Engineer, &c. With numerous gllustrations and Folding
Plates. Second Edition, carefullyrevised. 12mo, 3s. 6d. cloth boards.
**Mr. Davieshas written a useful and practical hand-book on an important industry,
with all the conditions and details of which he appears familiar.”—ZEngineering.
““The work is illustrated by actual practice, and is lly thorough and lucid.
«_« + Mr. Davies has completed his work with industry and skill."—2Buwuilder.
Metallurgy of Ironm. ,
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
HEthﬁt‘ion, revés;:le:nd n':luch enlarged. Ilzmo, cloth boards, 5:;1‘, a
* Has the merit of ity and conciseness, as to essimpotunt ints, whi
terial matters are very fuﬁy and thoroughly entered into,”— mm"'

Manual of Mining Tools.

MINING TOOLS. For the use of Mine Managers, Aﬁti:
Mining Students, &c. By WiLLiaM MORGANS, Lecturer on
tical Mining at the Bristol School of Mines. Volume of Text,
12mo, 3s. With an Atlas of Plates, containing 235 Illustrations.
4to, 6s. To%ether, 9s. cloth boards.

“ Students in the Science of Mining, and Overmen, Captains, M and
Viewers may gain practical knowledge and useful hints the study Mr.
Morgans’ Manual.”—Colliery Guardian. .

Mining, Surv?gug and Valuing.
THE MINER URVEYOR 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 Valui%% Home and Foreign Iron and Coal
Mineral rv%perties. By WiILLIAM LINTERN, Mining and Civil
Engineer. With four Plates of Diagrams, Plans, &c., 12mo, 4. cloth.

“C much valuable infc ion given in a small com and which, as far
as we have tested it, is thoroughly trustworthy.”—/yon and Coal Trades R eview.

*.* The above, boun?l with THOMAN's TABLES. (See page 20.)
Price 7s. 6d. cloth,

et
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Coal and Coal Mining.
COAL AND COAL MINING : a Rudimentary Treatise on, By
‘WarINGTON W, SmvTH, M.A., F.R.S., &c., Chief Inspector
of the Mines of the Crown. Fifth edition, revised and corrected.
12mo, with numerous Illustations, 4s. cloth boards.

“E portion of the volume appears to have been prepared with much care, and
as an outline is given of ev:z known coal-field in this and other countries, as well as
of the two principal methods of working, the book will doubtless interest a very
large number of readers.”—Mining Sournal. B

lﬂ(}nd’m;groumz’ Pumping Mackinery.
MINE DRAINAGE; being a Complete and Practical Treatise
on Direct-Acting Underground Steam Pumlf(ing 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
PumpingMachinery. BBS;:EPHEN MICHELL, Joint-Authorof “ The
Cornish System of Mine:Drainage.” 8vo, 15, cloth. [ Fust publisked.

NAVAL ARCHiTECTURE, NAVIGATION, ETC.

—,—

Pocket Book for Naval Arckitects & Shipbuilders.

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET BOOK OF FORMULZ, RULES, AND TABLES
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY
BOOK OF REFERENCE. By CLEMENT Mackrow, M. Inst.
N. A., Naval Draughtsman. Second Edition, revised. With
numerous Diagrams. Fcap., 12s. 6d., strongly bound in leather.

;‘Shpuld be used by all who are engaged in the construction or design of vessels.”

“ﬁ;‘% scarcely a subject on which a naval archi r ship can requi
to refresh his memory which will not be found within the covers of Mr. Mackrow's
book.”—English Mechanic.

‘“ Mr. Mackrow has p
useful vol\une."—f,ithemeum. . vy e
Grantham's Iron 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), inclu&ng the latest Examples, Together
with separate Text, also considerably enlarged, 12mo, cloth limp,
BymeTm, M. Inst. C.E.,, &c. 2/, 2s. complete,

“Mr. ’s work is of great interest. It will, we are confident, command an
extensive circulation among shipbuilders in general. hy 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 ptom'otion in the dock.yards will be .mninly based.”—Engineering.
Pocket-Book for Marine Engineers.

A POCKET-BOOK OF USEFUL TABLES AND FOR-
MULZ FOR MARINE ENGINEERS, By FRANK PROCTOR,
A.LN.A. Second Edition, revised and enlarged., Royal 32mo,
leath::;,dgilt edges, with strap, 4.

¢ A most useful companion to all marine engineers.”"—United Service Gasette.
‘o't‘usnggce}y anything required by a maval engineer appears to have been for-

y A VD%,

hinbiild
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an extr: ry amount of information into this
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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.
ELLioT, Corps of Engineers, U.S.A. Illustrated by 51 En-
gravings and 31 Woodcuts in the Text. 8vo, 215, cloth.

Surveying (Land and Marine).
LAND AND MARINE SURVEYING, in Reference to the
Preparation of Plans for Roads and Railways, Canals, Rivers,
Towns’ Water Supplies, Docks and Harbours ; with Description
and Use of Surveying Instruments, By W, Davis HaskoLr, 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.”—Bwilder.

“ Of the utmost practical utility, and may be safely ded to all stud
who aspire to become clean and expert surveyors.”—Mining Fournal.
Storms.

STORMS : their Nature, Classification, and Laws, with the
Means of Predicting them by their Embodiments, the Clouds.
By WiILLIAM BraAsius. Crown 8vo, 105, 6d. cloth boards.

Rudimentary Navigation,
THE SAILOR’S SEA-BOOK : a Rudimentary Treatise on Navi-
~gation, By JAMES GREENWOOD, B.A. New and enlarged edition.
By W. H. RossER. 12mo, 3s. cloth boards.

Matkematical and Nautical 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 JamMEs 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. YounG. Illustrated with numerous Wood Engravings and
Coloured Plates. 12mo, 7s. strongly half bound in leather.

WEALE'S RUDIMENTARY SERIES.

Tke 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. 6d. cloth.

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By ROBERT
Ki1pPING, N.A. Illustrated. 12mo, 3s. cloth boards.

NAVAL ARCHITECTURE. By JAMES PEAKE. Fourth Edition,
with Plates and Diagrams., 12mo, 4s. cloth boards.

MARINE ENGINES, AND STEAM VESSELS. By ROBERT
MUrrAY, C.E. Seventh Edition, 12mo, 35, 64, cloth boards.
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Construction. —
THE SCIENCE of BUILDING: An Elementary Treatise on
the Principles of Construction. By E. WYNDHAM TARN, M.A.,
Architect. With §8 Wood Engravings. 2nd Edition, revised and
enlarged. Crown 8vo, 7s. 64. cloth.

¢ A very valuable book, which we strongly d to all —.
‘“ No architectural student should be without this hand-book.”—A rckitect,

Villa Architecture. )
A HANDY BOOK of VILLA ARCHITECTURE; be:;} a
Series of Designs for Villa Residences in various Styles. ith
Detailed Specifications and Estimates. By C. WICKES, Architect,
Author of “The Spiresand Towersof the Medizval Churchesof Eng-
land,” &c. 31 Plates, 4to, half morocco, gilt edges, 12 Is.
*.* Also an Enlarged edition of the above. 61 Plates, with Detailed
Specifications, Estimates, &c. 2/, 2s. half morocco.
¢ The whole of the designs bear evidence of their being the work of an artistic
architect, and they will prove very valuable and sug.zstive. —Building 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, &c. By FREDERICK ROGERs. Author of
¢¢Specifications for Practical Architecture,” &c. Cr. 8vo, 6s. cloth,

¢4 As a text-book of useful information for architects, engineers, surveyors, &c., it
would be hard to find a handier or more complete little volume.,”—S# rd.

9y
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, Edited by the Rev. ALEXANDER TAYLOR, M. A. (son
of the late G. L. Taylor, Esq.), Chaplain {of Gray’s Inn. This 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.
HUskISSON 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."—Architect. L.
““ A large amount of iuformation, which young architects will do well to acquire, if
they wish to succeed in the everyday work of their profession.”—Znglish 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, 75, 64, boards,

10, »,
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Cement. _
PORTLAND CEMENT FOR USERS. By HeNry FArja,
A.M,, Inst, C.E., with Illustrations. Crown 8vo. 3s. 64. cloth.

s 3&/ useful compendium of results for the practical builder arnd architect.”—Bwuild-

m, ows.,

ke House-Owner's Estimalor.
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. S1MoN, A.R.L.B.A.
Edited and Revised by Francis T. W. MILLER, A.R.LLB.A.,
Surveyor. Third Edition, Revised. Crown 8vo, 3s. 64., cloth,
“In two K::" it will repay its cost a hundred times over.”—Field. .
. ““A very handy book for those who want to know what a house will cost to build,
alter, or repair.”—English Mechanic.

‘Boiler and Factory Chimneys.
BOILER AND FACTORY CHIMNEYS ; their Draught-power
and Stability, with a chapter on Lightning Conductors. By ROBERT
‘WiLsoN, C.E. Crown 8vo, 3s. 6d. 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 aye able very cordially to recommend
all persons to read it for themselves, '—7¥mes. =~ ) )

“We commend the book to the thoughtful consideration of all who are interested
in the buil(:ling art.”—Builder. .

Architecture, 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 BuURY; The
PRINCIPLES of DESIGN in Architecture, by E. L. GARBETT.
In one volume, half-bound (pp. I,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.—Tkis is the only edition of VITRUVIUS procurable at a
moderate price.
MODERN ARCHITECTURE. Containing the Orders, by Leeds ;
The Styles, by Bury; and Design, by Garbett. 6s. 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. Third Edition, Revised. 12mo, 6s. cloth.

¢ Contains a mass of information of use to the amateur and of val i
e A r and of value to the practical
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Plumbing. .

PLUMBING ; aText-book to the Practice of the Art or Craft of the

Plumber. With chapters u%on House-drainage, embodying the

latest Improvements. By W. P. BUCHAN, Sanitary Engineer.

Third Edition, enlarged, with 300 illustrations, 12mo. 4s. cloth.

*¢ The chapters on house-drainage may be usefully consulted, not onlxby plumbers,
but also by engineers and all engaged or interested in house-building.”—Zron. *

Handbook of Specifications.

THE HANDBOOK OF SPECIFICATIONS ; or, Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing
nﬁ 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.LB.A. New Edition, in One large volume, 8vo, with
upwards of 1000 pages of text, and 33 Plates, cloth, 1/ 115, 64.

*In_this work forty-four specifications of executed works are given. . . . Donald-
son’s Ha.!:dbook ef Specifications must be.‘ ught by all "' '—Buslder.
Spectfications 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 ymk,.hu produced the abgve.—Extmt  from rz_{hce. '
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 bringing
the Quantities into Bill, with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the re-
tive Trades of Bricklayer and Slater, 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. 64. cloth, '

* Well fulfils the promise of its title-page. Mr. Tarn’s additions and revisions have
much increged the usefulness of t.b_e wosz”—En:in«n'u:. .
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. 6d.

Beaton's Builders and Surveyors' Teckhnical 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, 1s. 6d.




16 WORKS IN CARPENTRY, TIMBER, ETC,,

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. MILLER,
A.R.LLB.A, Fcap. half-bound, 4.

—,—
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 BarLOow, F.R.S. Fifth Edition, cor-
rected and enlarged. With 64 Plates, Portrait of the Author, and
‘Woodcuts. 4to, published at 2/, 2s., reduced to 1/ 5s. 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.”—Buwilder.
e ;ork 'ho?d. Th Amh'or’s : ci I: ‘:-: rather c;nll!{rm;d than ns: il(uledc;’;
concernt e
Fime.” The additional plates are of great intrinsic vaue. —Building News,
Grandy's Timber Tables. A
THE TIMBER IMPORTER'S, TIMBER MERCHANTS,
and BUILDER’S STANDARD GUIDE. By RicHARD E,
GRANDY.
2nd Edition. Carefully revised and corrected. 12mo, 3s. 64. cloth.
* Everything it pretends to be: built up gradually, it leads one from a forest to a
treenail, and throws in, as a makeweight, :ﬁost of material i icks, col 3
cisterns, &c.—all that the class to whom it appeals requires.”—Eng/ish Meckanic.

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. RICHARDsSON. Oblong 4to, 3s. 64. cloth.
“ Invaluable labour-saving tables.”—Zronmonger.

Coack Building.

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 Ilustrations, By JAMES W, BURGESs. 1zmo, 3s.,
cloth boards, [Fust published.
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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 prglper 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, 5.

Hortor'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
¢ssential 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 GEORGE 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 Petersburgh Standard
Hundred, &c., &c. Also a variety of other valuable information.
By WiLLiaAM DowsING, Timber Merchant, Third Edition, Re-
Evised. Crown 8vo, 3:& ::ﬂloth. My be made. Th .
¢Everything is as concise and clear as it can i e. ere can be no
doubt tlmtevesy timber hant and build ougg:stol,y it."—Hull Advertiser.
Practical Timber Merchant.
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. 64. 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.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 buifders and others engaged in the con-
version’of timber." —Architect.
“The most prehensive p of wood-working machinery we have
seen. The author is a thorough master of his subject.”—Building News.
¢ It should be in the office of every wood-working factory."—ZEnglisk Meckanic.
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. MECHANICS, ETC.
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, 5s. cloth, [Fust published.

¢ Evidently written from personal experience, and gives a large amount of just
that sort of information which beginncrs at the lathe require.”—Bwnilder.

‘¢ Expounds the artand mystery of the turner in an informative fashion."—Scofsman.
¢ Mr. Hasluck’s book will be a boon to amateurs.”—Architecs.

Mechanic’'s Workshop 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 rative 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

in the eng; ing workshop, as we can testify ; and therc are a t many
men who, in a great measure, owe their rise in life to this little work.”—Building News.

Engincer's and Mackinist’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, 2s. 6d.
itabl ice td any of the mechanical trades could not

“‘bll;u:: de.”—B ada':;fvn vs.
possi made,”—Bwu: ews.
Superficial 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, Fcp. 3. 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 ar:struction, adapted especu.l{ to secure Safety and
conomy, 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.”—Engineering.
*“The best treatise that has ever been published on steam boilers."—Zngincer.
Power itn 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.

Mechancs.

THE HANDBOOK OF MECHANICS. By DIoNYsIUS
LARDNER, D.C.L. New Edition, Edited and considerably En-
larged, by BENJAMIN LoEwyY, F.R.A.S., &c., post 8vo, 6s. cloth.

* Studiously popular . . . . The application of the various ches of physics to
the industrial arts is carefully shown."' —Mining Fournal.
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MATHEMATICS, TABLES, ETC.

———
Gregory's Practical Mathematics.
MATHEMATICS tor PRACTICAL MEN ; being a Common-
lace Book of Pure and Mixed Mathematics. Designed chiefl
or the Use of Civil Engineers, Architects, and Surveyors, Part I,
PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry,
Mensuration, Trigonometry, Conic Sections, Properties of Curves.
Part II. 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 HENrRY Law, C.E. 4th Edition,
revised by Prof. . R. YOUNG. With 13 Plates. 8vo, I/ Is. cloth,
* The engineer or architect will here find ready to his hand, rules for solving nearly
every mathematical difficulty that may arise in his practice.”—Builder.

he 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, Astronomer-Royal.”—Bwilder.
Inwood’s Tables, greatly enlarged 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 covm.te bodies; for Terms of Vears 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 INwoOD. 2Ist edition, with Tables of
Logarithms for the more Difficult Computations of the Interest of
Money, Discount,&c. By M. FEDOR THOMAN, I2mo. 8. cloth,
‘Those i d in the hase and sale of estates, and in the adjustment of

compensation cases. as well as in transactions in annuities, life insurances, &c., wil

find the present edition of eminent mvioe_."—Engimcr:‘:-::

Geometry for the Architect, Engineer, &c.
PRACTICAL GEOMETRY, for the Architect, Engineer, and
Mechanic. By E. W, TARN,M.A., Architect. Second Edition, with
Appendices on Diagrams of Strains and Isometrical projections.
Demy 8vo, 9s. cloth.

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. I12mo, 5s. 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. WooLHOUSE, F.R.A.S. 12mo, 2s. 6. cloth boards.
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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 FEDOR THOMAN,

of the Société Crédit Mobilier, Paris, 3rd Edit., 12mo, 4s. 64. cl.

A very ful work, and the Author has a very remarkable command of his
subject.”—Professor A. de

Morgan.
Iron 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 Ib. to 1s. per Ib. Each Table ex-
tends from one Ib. to 100 tons. By T. DOwNIE. 396 pp., 9s., leal:l}er.

“ A most useful set of tables, and will supply a want, for nothing like them before
isted."—Bwuilding News.

Ia;s'on 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, 6s.,
leather, elastic-band.
‘“ For comprehensiveness the book has not its equal.”"—7ron.

Comprehensive Weight Caleulator.

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 11b. to 15 tons, at 300 Pro-
gressive Rates, from I Pennyto 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, I/. 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 Advancinga
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 14 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.

——

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.” —Enflislz 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 Formule, Tables, and Receipts for Gold
Plate, Clasps, Solders, etc., etc. By CHARLEs HUNTER. With
numerous Wood Engravings. Crown 8vo, 7s. 64. cloth,

““ The work is very practical.’”’—Mornthly Review of Dental Surgery.

““An authoritative treatise . . ... e can stron(gly recommend Mr. Hunter’s
treatise to all students Br”ega.rmz for the profession of dentistry, as well as to every
mechanical dentist.”—. lin Fournal of Medical Science. [and Circular.

“The best book on the subject with which we are acquainted.”—Medical Press,

Brewing.
A HANDBOOK FOR YOUNG BREWERS. By HERBERT
EpwarDps WRIGHT, B.A. Crown 8vo, 3s. 62. 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. * — Yeweller.
¢ We consider that the trade owes not a little to Mr. Gee, who %as in two volumes
compressed almost the whole of its literature, and we doubt not that many a youn,
beginner will owe a part of his future success to a diligent study of the pages whic|
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 Mechanic.

Stlver and Silver 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
reparation of imitation alloys, &c. By GEORGE E. GEE,
_Iieweller, &c. 12mo, 3¢ 64. 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,”—ZEnglisk Mechanic.
“’I}}xis work forms a valuable sequel to the author's Practical Goldworker, and
supplies 2 want long felt in the silver trade.”"—Silversmitk's Trade Fournal.
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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. UrQuHARrT, C. E.,
Author of “Electro?lating: a Practical Handbook.” Edited by
F. C. Wess, M.I.C.E.,, M.S.T.E. With 94 Illustrations.
Crown 8vo, 7s. 64. 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 present time in producing the
electric light.”—Metropolitan.

‘“An 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,
URrQUHART, C.E. Crown 8vo, §s. cloth.
::ﬁ large amount of _dxoroughl;: EracEtica[,infogmadon."—Ttkgmjluk Fournal,
n

ractical —. ni::emng

“The information given appears to be based on direct personal knowledge. . . .
Its science is sound, and the style is always clear.” ~A4¢, ",

“‘ Any ordinarily intelligent person may becume an adept in electro-deposition
wi% very little science indeed, and this is the book to show him or her the way.”

+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, 3s. 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 el ectrotylpm%.”
“ uci

—Iron.
The book throughout is entirely practical, is 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 rec ding 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
Rgﬁyu.l Engineers, Second Edition, most carefully revised by an
Officer of the Corps, with many additions ; containing nearly 350
vings 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 ot
Fortification in the R. M. A., Woolwich. Sixth Edition, crown
8vo, cloth, with separate Atlas of 12 Plates, 12+, 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, &.

A MANUAL OF THE ALKALI TRADE, including the
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By JoHN LoMas, Alkah 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 wor‘k/mxde: (1) a Com, {“fe Handbook for intending Alkali and Suiphuric
Acid Manufacturers, and for those alveady in the field who desire to improve their
plant, or to become pmrtually acquainted with the late.rt processes and developments

of the trade ; (2) a” Handy Volume whick Manufacturers can put into the kands of
their Managers and Foremen as a useful guide in theiy daily rounds of duty.

SyNopsis oF CONTENTS.

Chap. I Cholce of Site and General | IX. Carbonating or Finishing—X. Soda
Plan of Sulphuric Acid— Crystals—XI efined Alkali — XII.
1II. Re of the itrogen Com- | Caustic _Soda — XI11I. Bi-carbonate of

pounds, and Treatment of Small Pyrites [ Soda — XIV. Bleaching Powder — XV,
—1V. The Salt Cake Process—V, is- Utlhsauon of Tank Waste—XVI. General
lation lTon O.he Ve Ques- ks—Four di treatin, of
tion—VI. The :rgreaves “and Jones’ Yxelds, Su]phunc Ac1d Calculations,

Processes—VII. The Balling Process— | mometers, and Fotelgn Legislation upon
VIII. Lixiviation and Salting Down— | the N

“The author has Fwen the fullest, most practical, and, to all concerned in the
alkali trade, most valuable mass of information that, to our knowledge, has been
pubhshed in any language.”—ZEngineer.
¢ This book is written by a. fs er 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 mx}e used for the purposes of con-
struction. Every step in the manufacture is lly described in this manual, and
each improvement explained. Everything which tends to introduce economy mto
the technical details of this trade receives the fullest attention. The book has be
uced with great "—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 | of the ch les 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 technol ul authon. This most valuable book, whic
we trust will be generally a credit alike to its author
;nd to the enterpnsing frm who f\ave undertaken its publication.”—Ckemical
eview.

Chemical Analysts.

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 wthemreful H
recommend this bt he car perusalofeveryone itmaybetmly
wwﬁ&mw to thehouscvnfeu to tﬁe phmaoeuucal pnctmow"
* 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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Dr. Lardner's Museum of Scienie and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by
DroNysius 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 1s., 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
P e. anX th d copies of this serviceable publication have been £rmted,
in the belief and hope that the desire for instruction and improvement widely pre-
vails; and we have no fear that such enlightened faith will meet with disappoint-
ment.”— Times.

‘“ A cheap and interesting publication, alike informing and attractive. The pa
combine subjects of im; nce and great scientific knowledge, considerable induc-
tive powers, and a popular style of treatment.”—Sgectator.

*“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.”—S#r 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 50 many ages and classes as a valuable present.”—Examiner.

* > Separate books formed from the above, suitable for Workmen'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, §s.

THE 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, 2s.

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,
the Crust of the Earth, etc. 2or1 Illustrations, cloth gilt, 2s. 6.

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, 25. 64,

STEAM AND ITS USES. Including 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, 2s.

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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Dr. Lardner's Handbooks of Natural Philosophy.

*+* The following five volumes, ¢ k each is Complete in _itself, and to be prur-
chased s, amtely,’_%m A CompPLETE COURSE OF NATURAL PHILOSOPHY, are
intended for the general reader who desires to attain accurate knowledge of the
various viments of Physical Science, without pursuing them according to the
more profound methods of th tical i tigation. The style is studiousls

popular. It has been the author's aim to supply Manuals suck as are required 5_’1
the Student, the Engineer, the Artisan, the superior classes in Schools. )

THE HANDBOOK OF MECHANICS, Enlarged and almost
rewritten by BENJAMIN 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 obsolete, fvmve 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 branchesp:y 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, 5s. cloth.

‘¢ For those ¢ who desire to attain an accurate knowledge of physical science with-
out the grofound methods of mathematical investigation,’ this work is not merely in-
tended, but well adapted.”—Chemical News.

THE HANDBOOK OF HEAT. Edited and almost entirely
Rewritten by BENJAMIN LoEwy, 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 doudi or lurking doubts behind.”"—Engineering. . 5
THE HANDBOOK OF OPTICS. New Edition. Edited by

T. OLVER HARDING, B.A. 298 Illustrations, Post 8vo, §s. cloth,

‘ Written by one of the ablest English scientific writers, beautifully and elaborately
illustrated.”— Mechanics' Magazine.

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 fmowledze.”—l’o)vdar Science Review,

Dyr. Lardner's Handbook of A stronomy.

THE HANDBOOK OF ASTRONOMY. Forming a Com-
panion to the ¢ Handbooks of Natural Philosopby.” By DroNy-
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 ins the same of infc ion in so com-
pendious and well-arranged a form—certainly none at the price at which this is
offered to the public.”—A thenzum.

*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
tjhressqme time correct—acquaintance with thissublime science.”"—Quarterly Fournal
9 cience.

Dr. Lardner's Handbook of Animal Physics.
THE HANDBOOK OF ANIMAL PHYSICS, By Dr.
LARDNER, With 520 Illustrations. New edition, small 8vo,

cloth, 732 pages, 7s. 6d.
¢ We ha.v’e n% hesitation in cordially recommending it."—ZEdwucational Times.
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Dr. Lardner's School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By DR. LARDNER.
328 Illustrations. Sixth Edition. 1 vol. 3s. 6. cloth.

‘¢ Conveys, in clear and precise terms, g, 1 notions of all the principal divisi
of Ph: enoe."—Bnti:Ingmﬂerly Review.

IMAL PHYSIOLOGY FOR SCHOOLS. By DR. LARDNER,
With 190 Illustrations. Second Edition. 1 vol. 3s. 64. cloth.

“Clurlli'vrritten,well ged, and. llently ill d."—Gardeners’ Chronicle.
Dr. Lardner's Electric Telegraph.

THE ELECTRIC TELEGRAPH. By Dr. LARDNER. New
Edition. Revised and Re-written, by B. BrIGHT,F.R.A.S.
140 Illustrations. Small 8vo, 2s. 64. cloth.

¢“One of th.e most readable books extant on the Electric Telegraph,”—Eng. Meckanic.

Electricity.

A MANUAL of ELECTRICITY ; including Galvanism, Mag-
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and
the Electric Telegraph. %y HEeNRY M. Noap, Ph.D., F.C.S.
Fourth Edition, with 500 Woedcuts. 8vo, 1/ 4s. cloth,

“ The accounts given of electricity and galvanism are not _onlycomplete in a scientific

sense, but, which 1s a varer thing, are'popularand interesting.”—ZLancet,
ext-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,
12s5. 6d. cloth.

“A reflex of the existing state of Electrical Sci dapted for stud "

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.”—A thenzum.

;An‘adnura: ble text-book for every student—beginner or advanced —of electricity.”
T Recommended to students as one of the best text-books on the subject that they
canhave, Mr.Preece appears tohaveintroduced all the newest inventions in the shape
of telegraphic, telephonic, and electric-lighting apparatus.”— Englisk Mechanic,

*‘ The work contains everything that the student can require.”’—Academy.

“One of the best and most useful pendi of any b h of sci in our
literature.”—/ron.

““ Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec.
tricity has grown into an admirable handbook.”—Westiminster 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. I2mo, 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 evid of and disp 1
sively of the arguments of those who would set God’s Works against ms Word,
s No real difficulty is shirked, and no sophistry is left posed.”—The Rock,




PUBLISHED BY CROSBY LOCKWOOD & CO. 37

Science and Scripture.

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT; being a Series of Essays on—I.
Alleged Di cies ; 2. The Theory of the Geologists and
Figure of the 3 3. The Mosaic Cosmogony ; 4. Miracles in

eral—Views of Hume and Powell ; 5. The Miracle of Joshua—
%einews of Dr. Colenso: The Supernaturally Impossible ; 6. The
Age of the Fixed Stars, &c. By Prof. J.R. YounG. Fcap. §s. 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, §s. cloth.

Practical Philosophy.
A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev.
JoHN CARR, M.A,, late Fellow of Trin. Coll., Camb. 18mo, §s. cl.

Mollusca.
A MANUAL OF THE MOLLUSCA; being a Treatisg on
Recent and Fossil Shells, By Dr. S. P. WoobwarDp, 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.
Deuison), LL.D., Q.C,, F.R.A.S. Sixth edition, revised and en-
larged. Limpcloth (No. 67, Weale’s Series), 4. 6.; clothbds. 5s. 6d.

““Asa lar and practical treatise it is unapproached.”—Englisk Mechanic.

¢ The g:frwork on the subject probably extant. The treatise on bells is un-

doubtedly the best in the language. "— Engineering.
“‘The only modern treatise on clock-maki; g."—"zmlogiml 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,

¢ The book is & most useful sésumé of the properties of pigments.”—Builder.

Pictures 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.6d.cl.

Woods and Marbles (Imitation of ).
SCHOOL OF PAINTING FOR 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/. 12s. 6, bound. .
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Delamotte s Works on Illumination & Alphabets.
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 ples of ancient MSS. ded to the student, which, with much
good sense, the author ch from collecti ible to lii. are selected with
judgment and knowledge, as well as taste,”—A theneum.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIZAVAL ;
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 thencum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA.-
MENTAL; including German, Old English, Saxon, Italic, Per-

ctive, Greek, Hebrew, Court Hand, Engrosgsing, Tuscan,
?i?)a.nd, Gothic, Rustic, and Arabesque, &c., &c. Collected and -
engraved by F. DELAMOTTE, and printed in Colours. New and
Cheaper Edition. Royal 8vo, oblang, 2s. 64. ornamental boards.
“;There is‘ comp:‘;i:etd in it) e.yer¥‘pos§iblg shape into which the letters of the alphabet
can —3 d. .

an

MEDIZVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. DELAMOTTE. Containing 21 Plates, and
Tlluminated Title, printed in Gold and Colours. With an Intro-
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, Medieval and Modern Alphabets, and National
Emblems. Collected and engraved by F. DELAMOTTE, and
printed in Colours. Oblong royal 8vo, 1s. 64. ornamental wrapper.

Wood-Carving.
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with
Hints on Design. :'BIY A Lapy. In emblematic wrapper, hand-
somely printed, with Ten large Plates, 2s. 64.
¢ The handicraft of the wood-carver, so well as a book can impart it, may be learnt
from ¢ A Lady’s’ publ V'emA th

Popular Work on Painting.
PAINTING POPULARLY EXPLAINED; with Historical
Sketches of the Pro, of the Art. By THOMAS JOHN GULLICK,
Painter, and JOHN TiMBs, F.S,A. Fourth Edition, revised and
enlarged. With Frontispiece and Vignette. In small 8vo, 6s. cloth,
* >~ This Work has been adopted as a Prize-book in the Schools of
Art at South Kensington.
¢ Contains a amount of original matter, agreeably conveyed.”—Bwuilder.
¢ Much may be learned, even by those who fancy they donot require to be taught,
from the careful perusal of this unpretending but comprehensi ise,"—Art Fournal,
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AGRICULTURE, GARDENING, ETC.

Youatt and Burw's Complete Grazier.
THE COMPLETE GRAZIER, and FARMER’S and CATTLE-
BREEDER’S ASSISTANT. A Compendium of Husbandry.
By WiLLiAM YOUATT, EsQ., 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/ 1s. half-bound.
‘¢ The standard and text-book, with the farmer and grazier.”—Farmer’s M. ine.
““A treatise which will remain a standard work on the subject as long as British
agriculture endures.”—Mark Lane Express.

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., 4s. 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 at the 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, 4. 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, 125,
‘“There is sufficient stated within the limits of this treatise to prevent a farmer
from going filr wrong in any of his operations.”—Observer.
Kitchen Gardening.
KITCHEN GARDENING MADE EASY. Showing how to
ﬂrepare and lay out the ground, the best means of cultivating every
nown Vegetable and Herb, etc. By GEORGE M. F. GLENNY,
12mo, 25, cloth boards,
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The Management of Estales.
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.
Second Edition. 12mo, 3. cloth.

*“ A complete and comprehensive outline of the duties appertaining to the manage-

ment ofdanded estates.”’— Yournal of Forestry.

The Management of Farms.
OUTLINES OF FARM MANAGEMENT, and the Organiza-
tion of Farm Labowr.  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, 3s.

Management of Estates and Farms.
LANDED ESTATES AND FARM MANAGEMENT. By
R. Scort BurN, 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
HueH CLEMENTS (Board of Trade). With an Introduction by
H. KAINs-JACKSON. 18mo, 2s. 6d. cloth. [Fust published.

¢ A clearly written demip%gg of the ordinary routine of English farm-life.”—Land.
‘¢ A carefully written text-book of Agriculture.”—Atheneum.
‘“ A most comprehensive volume, giving a mass of information.”—. icultural

Economist.
Cultuve 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 book, and one to be highly ded as a practical guide.
The practl directions are ex.cellent."—A thenaum.
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, soastorealise £ 17£dper annum clear Profit. By SAMUEL
Woop. 3rd Edition, revised. Cr. 8vo, 2s. cloth,
# We are bound to recommend it as not only suited to the case of the amateur and
gentleman’s gardener, but to the market grower.”—Carde:12y’'s Magasine.

Early Fruits, Flowers and Vegetables.
THE FORCING GARDEN : or, How to Grow Early Fruits,
Flowers, and Vegetables, With Plans and Estimates showing the
best and most economical way of Building Glasshouses, Pits, and
Frames for the various classes, &c. By SAMUEL WooD, Author
of *“ Good Gardening,” &c. Crawn 8vo, 3s. 6d, [Fust published,
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Gardening for Ladies.

. THE LAPIES’MULTUM-IN-PARVO FLOWER GARDEN,
and Amateur’s Complete Guide. By SAMUEL WooD. Author
of ““Good Gardening,” &c. With Illustrations. Crown 8vo,
3s. 6d. cloth. [Fust published.

DBulb 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. BK
SAMUEL WooD, Author of ‘“Good Gardening,” etc. Wit
Coloured 1llustrations and Wood Engravings. Cr. 8vo, 3s. 6d. cloth.

Tree Planting.
THE TREE PLANTER AND PLANT PROPAGATOR:
Being a Practical Manual on the Propagatiof of Forest Trees,
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c.
Numerous Illustrations. By SAMUEL Wo0OD, I12mo, 2. 6d. cloth,
Tree Pruning.
THE TREE PRUNER: Being a Practical Manual on the
Pruning of Fruit Trees. Including also their Training and Renovs-
tion, also treating of the Pruning of Shrubs, Climbers, and Flower-
ing Plants, By SAMUEL Wo0o0D. 12mo, 2s. 64. cloth.

Tree Planting, Pruning, & Plant Propagation.
THE TREE PLANTER, PROPAGATOR, AND PRUNER.
By SaMvEL Woob, Author of ¢ Good Gardening,” &c. Consisting
ofy 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 JaMEs PINK. With INustrations. Cr. 8vo, 2. 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 Provincial
Customary Acres to Statute Measure, &c. By R. HupsoN, C.E,
New Edition, royal 32mo, leather, gilt edges, elastic band, 4.
Ewart's Land Improver's Pocket-Book.
THE LAND IMPROVER'S POCKET-BQOK OF FOR-
MULZA, TABLES, and MEMORANDA, required in any Com-
putation relating to the Permanent Improvement of Landed Pro-
rty. By JOoHN EWART, Land Surveyor and Agricultural Engineer,
oyal 32mo, oblong, leather, gilt edges, with elastic band, 4.
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, Ei]t edges, with strap, 7s. 6d.
¢ We consider Hudson’s book to be the best ready-reck on to
the valuation of land and crops we have ever seen, and its col:xbination wnhvﬁ:
e latter. d

Ewart’s work greatly enhances the value and useful of th
It is most useful as a manual for reference.”—Norzk 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—
CONTRACTS AND AGREEM PY-
RIGHT—Dower 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
tees — Husband and Wife — Executors

and Trustees — Guardian and Ward — | keepers—

Married Women and Infants—Partners
and Agents — Lender and Borrower —
Debtor and Creditor — er and
Vendor — C ies and iation:

** No Englishman ought to be wi‘thout this

r

¢ What it to

SETTLEMENTS—STOCK EXCHANGE PRAC-
TICE—TRADE MARKS AND PATENTS—
TrESPASS, NUISANCES, ETC.—TRANSFERR
or LAND, ETC. — WARRANTY — WILLS
AND AGREEMENTS, ETC.
—Friendly Societies—Cle! Church-
wardens—Medical Practiuoners, &c. —
Bankers — Farmers — Contractors—Stock
and Share Brokers—Sportsmen and Game-
Farriers and Horse-Dealers—
Auctioneers, House-Agents—Innkeepers,
&c.— Pawnbrokers — Surveyors — Eﬂ-
ways and Carriers, &c., &c.

book.”"—Engineer.
of thelaws of this country, theroughly

P

intelligible to non-professional readers. The
point requires ready solution.”—2Bell’s Life.

book is a handy one to have in readiness

when some knot?
““ A useful and concise epitome of the law.”—Law Magazine,

Auctioneer’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 vgenemlly;
with Prices for Inventories, &c. By JoHN WHEELER, Valuer, &c.
Fourth Edition, enlarged, by C. NorRIS. Royal 32mo, cloth, §s.
“ A concise book of reference, containing a clearly-arranged list of prices for
inmtorie_s. ap ‘* 1 guide to d ine the value of furniture, &c.”—Standard,
Auctioneering.
AUCTIONEERS : THEIR DUTIES AND LIABILITIES.
By ROBERT SQUIBBS, Auctioneer. Demy 8vo, 105, 6d. cloth,

House Property.
HANDBOOK OF HOUSE PROPERTY : a Popular and Prac-
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory
Sale of Houses and Land ; including the Law of Dilapidations and
Fixtures, &c. By E. L. TARBUCK. 2nd Edit. 12mo, 3. 64. cloth.
¢‘We are glad to be able to recommend it.”—Bwuilder.
“The advice i.s thoroughly px.'actical.”-—Law Fournal.
Metropolitan Rating.
METROPOLITAN RATING: a Summary of the Appeals
heard before the Court of Genetal 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, 125. 6d. [Fust published,

Bradbury, Agnew, & Co., Printers, Whitefriars, Londop.
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Con MECHANICAL ENGINEERING, &c.

ﬁ MATERIALS AND CONSTRUCTION : a Theoretical
and Practical Treatise on the Strains, Designing, and Erection
' h of Works of Construction. By Francis Campin, C.E. 3s.;
‘ cloth boards, 3s. 6d. [Just published.
E’fﬁ THE BOILERMAKERS' ASSISTANT, in Drawing,
’ﬁ;‘; Templating, and Calculating Boiler and Tank Work. By
%(_‘% JoHN CourTNEY, Practical Boilermaker. Revised and Edited
E‘%

by D. KinnEar CLarg, M.I.C.E. 2s.

SEWING MACHINERY : being a Practical Manual
of the Sewing Machine, comgn’l' its Historfv and Details of
o its Construction, with full technical directions for the adjusti
‘i of Sewing Machines. By J. W. Urqumarr, C.E. 28.; clo
st-  boards, 2s. 6d. [Just published.
ﬁ MECHANICS ; being a concise Exposition of the General
? Principles of Mechanical Science, and their Applications. By
<

: C. TomrinsoN. Illustrated. 1s. 6d.
E THE STEAM ENGINE. By Dr. Larpner. 1s. 6d.
% THE STEAM ENGINE, the Mathematical Theory of,
4‘;2{? with Rules at length, and Examples for the use of Practical
o

Men. By T. Baker, C.E. Illustrated. 1s.6d.
STEAM BOILERS: their Construction and Manage-
< ment. By R. ArmsTRONG, C.E. Illustrated. 1s. 6d.

E 6} CLOCKS, WATCHES, AND BELLS. By Sir Epuuno
g’}} Beckerr (late E. B. Denisow, LL.D., &c., &c.). A New Edition,
;evisgd,;vi%l:i several additional Illustrations. 4s. 6d.; cloth

oards, 5s. 6d. :

Egﬁ FUEL,itsCombustionand Economy ; beingan Abridgment

of ““ A Treatise on the Combustion of Coal and the Prevention of
Smoke,” by C. W. WiLrLiams, A.I.C.E. With extensive addi-
9  tions on Recent Practice in the Combustion and Economy of
£+ Fuel—Coal, Coke, Wood, Peat, Petroleum, &c., l{{ D. KINNEAR
)‘i‘ij Craex, M.I.C.E. Becond Edition. 3s. 6d. ; cloth boards, 4s.

7(-& iRINE ENGINES AND STEAM VESSELS,
? with Practical Remarks on the Screw and Progelli.ng Power, as
ORE

e

nsed in the Royal and Merchant Navy. By Roeert Mursay,

C.E., Engineer-Surveyor to the Board of Trade. 7th Edition.
Tllustrated. 3s.; cloth boards, 3s. 6d.

*&3 STEAM AND THE STEAM ENGQGINE, Stationary

{4 and Portable; being an Extension of Mr. JouN SEWELL's

§%  «Treatise on Steam.” By D. Kmnear Craxx, M.LO.E.

3
% -l: Second Edition, revised. 3s. 6d.; cloth boards, 4s. :2
%

3

<

A S ¥l

PLUMBING : a Text-book to the Practice of the Art
or Craft of the Plumber. With Chapters upon House Drainage,
s embodying the latest improvements. Second Edition, enlarged.
*6 + With 300 Illustrations. By W. P. BucraN. 3s. 6d. ; cl. boards, 4s.

CROSBY LOCKWOOD & CO., 7, STATIONERS’ HALL COURT, EC.
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MECHANISM, the Elements of ; elucidating the Scie:
tific Principles of the Practical Construction of Machines. Wi
Specimens of Modern Machines by T. Bakgr, C.E.; and R
marks on Tools, &c., by J. Nasuyra, C.E. 2s.6d.; cloth boards, ¢

LOCOMOTIVE ENGINES. Comprising an Historic:
Sketch and Description of the Locomotive Engine by G. 1
Deuxresey, C.E.; with large additions treating of the Moder
Locomotive by D. K. Crark, M.I.C.E. 3s., cloth boards, 3s. 6

THE ENGINEERS GUIDE TO THE ROYA
AND MERCANTILE NAVIES. By a PracricAL ENGINEE
Carefully examined and revised by D. F. M‘CarTHY. 3s.

THE BRASS FOUNDER'S MANUAL ; Instruction
for Modelling, Pattern-Making, Mounting, Alloying, Turnin
Burnishing, Bronzing, &c. ith Tables and Notes on Prin
Costs and %otimntes. By W. GragaM. 2s.; cloth boards, 2s. 6

MODERN WORKSHOP PRACTICE as applied !
Marine, Land, and Locomotive Engines, Floating Docks, Bridge
Cranes, Shipbuilding, &c. ByJ. G. WinTON. 3s.; cl. boards, 3s.6

IRON AND HEAT, exhibiting the Principles concern¢
in the Construction of Iron Beams, Pillars, and Bridge Girdex
and the Action of Heat in the Smelting Furnace. By J. ArMou.
C.E. Numerous Illustrations. 2s. 6d.; cloth boards, 3s.

POWER IN MOTION : Horse-power Motion, Toothec
‘Wheel Gearing, Longv?:d Short Driving{Bands, Angular Force

ByJ. Armour, C.E. With 73 Diagrams. 2s.6d.; cloth boards, 3

THE APPLICATION OF IRON TO THE CO?
STRUCTION OF BRIDGES, GIRDERS, ROOFS, AN
OTHER WORKS. By Francis CanpiN, C.E. Second Editio:
revised. With numerous Illustrations. 2s.6d.; cloth boards, 3

MINING TOOLS. For the use of Mine Manager
Agents, Students, &. By WiLLiax Morcaxs, Bristol School |
Mines. 12mo. 2s. 6d.; cloth boards, 3s. With an Atlas of Plate
containing 235 Illustrations. 4to. 4s. 6d.; cloth boards, 6s.

THE WORKMAN’'S MANUAL OF ENGINEERIN:
DRAWING. By JouN Maxron, Instructor in ineerin
Drawing, Royal Naval College, Greenwich, formerly of R.8.N.
South Kensington, &c., &c. 3s. 6d. ; cloth boards, 4s.

METALLURGY OF IRON, the. Containing Method
of Assay, Processes of Manufacture of Iron and Steel, &c. B
H. Baverman, F.G.S., &c. Fourth Edition, revised and er
larged. Numerous Illustrations. 4s. 6d.; cloth boards, 5s.

COAL AND COAL MINING. By WarrINGTON W
Suyre, M.A., F.R.8., &c., Chief Inspector of the Minecs of tt
Crown and of the Duchy of Cornwall. Fifth Edition, revise
and enlarged. 3s. 6d.; cloth boards, 4s.

THE POWER OF WATER, as applied to drive Flov
Mills, and to give motion to Turbines and other Hydrostat
Engines. By J. GLy~N, F.R.8,, &c. 2s.; cloth 28. 6d
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