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vi PREFACE.

sources, and which, being of direct interest to the
dentist, will, I hope, further add to the practical
character of the work.

To Dr. Richardson’s valuable treatise I have
been indebted for the account given at page 193
of Dr. Kingsley’s method of constructing artificial
palates and for the illustrations connected with
that subject.

I have to thank, also, the Messrs. Claudius
Ash and Sons, who have kindly granted the use

of their wood-blocks for many of the illustrations.

B

PREFACE TO THE SECOND EDITION.

THAT a second edition of “ Mechanical Dentistry®
should be so soon required, I hope may be taken
as evidence that it has, in some measure at least,
fulfilled its purpose. Several alterations have been
made in the text, the most considerable of which
is in regard to Celluloid. The recent improve-
ments made in the manipulation of this material

have made it necessary to re-write the chapter
upon this subject,

C. H.
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MECHANICAL DENTISTRY,

CHAPTER I
IMPRESSIONS AND PLASTER MODELS.

THE method of practice adopted by the earlier
dentists in the construction of artificial teeth was,
‘as may be supposed, very different and much less
satisfactory than that which is pursued at the pre-
sent day. Measurements by means of compasses
were first taken of those parts of the jaw for which
the artificial teeth were required, and by the indi-
cations thus obtained a piece of bone was cut into
an approximate adaptation to the space to be filled ;
the natural gums and teeth were then coloured—
as we would colour the plaster model now—in order
that fine fitting might be accomplished. Such was
the method adopted by FFauchard, and explained in
his work published in 1728 ; and it was not till many
years afterwards that the practice of measuring was
superseded by that of obtaining an impression of
the jaw by means of softened beeswax. At first
the piece of wax was held by the fingers and
pressed by them into the form of the gum; but it
was afterwards discovered that when the soft
material was placed in a metal tray of such shape

B




2 MECHANICAL DENTISTRY.

as freely enclosed the parts of which an impression

“was desired, and pressed by means of this tray into
the shape of the jaw, much more satisfactory results
were obtained. Wax as an impression material 1s
now seldom used, composition (Godiva, or Stent) or
plaster of Paris being now almost invariably em-
ployed for that purpose.

Impression Trays.—The ordinary trays or frames
in which the material is placed when an impres-
sion of the mouth is taken are made of Britannia-
metal, porcelain, German silver, and sometimes

Figs. 1, 2, and 3, Complete Upper Impression Trays.

silver and vulcanite. Those most generally em-
ployed are made of Britannia-metal. For com-
plete upper or suction cases trays similar to those
shown in Figs. 1 and 2 are used ; while for uppers
which are not designed for suction—that is, those
in which it is not intended to cover the palate with
the gold or vulcanite “base ” plate—the tray repre-
sented by Fig. 3 may be employed.

For edentulous lower jaws, and for lowers in
which the front six or eight natural teeth remain,
such trays as Figs. 4 and 5 respectively are used.



IMPRESSION TRAYS. 3

When only a small partial impression of the jaw
is required-—as is often the case when a substitute
consisting of a small number of teeth is to be pro-
vided—the tray represented in Fig. 7 is used if the

Figs. 4 and 5. Complete Lower Impression Trays.

deficiency occurs in the front of the mouth, and
those represented in Figs. 6 and 8 are employed if
the substitute is required for either side. The

Figs, 6, 7, and 8. Partial Impression Trays.

choice of trays for these partial cases, however, de-

pends not only upon the position of the space to be

filled, but also upon the position of the natural

teeth which will best support the artificial case in
B 2




4 MECHANICAL DENTISTRY.

the mouth ; therefore it is frequently necessary to use
a large tray, in order that the accurate impression
of distant teeth may be obtained. A selection of
about fifteen trays, differing in dimensions, is neces-
sary in order that the practitioner may be provided
with suchasare requiredinevery-day practice. Most
dentists, however, have a much larger selection.
For special cases where a good impression cannot
be obtained by the ordinary means, trays are some-
times made by the dentist himself in the following
way. An impression of the jaw is taken with wax or
composition, in an ordinary tray (see pp. 6,7). Into
this impression plaster is run, and a model made.*
Upon the plaster model softened gutta-percha or
wax, about an eighth of an inch thick, is pressed,
covering both teeth and gums, and extending in all
directions as far as the more perfect model may be
desired to reach. A zinc die and lead counter are
then obtained,anda plate of Britannia-metal or sheet
zinc is struck to the full size indicated by the wax
covering on the model. A piece of metal is then
soft-soldered to the bottom of the tray to serve for
a handle. This may be done with the blowpipe
flame, touching the joint with the soldering liquid
described at page 233. The amount of impression
material which should be placed in a struck tray is
of course very small compared with what is re-
quired for the ordinary kind. The material, in fact,
should be in the form of a layer but little thicker
than the covering upon the model. By this means
very accurate impressions may be obtained in

* If this paragraph should not be quite ciear, Chapters I. and II,
should be first read, and this matter reverted to.,




MANAGEMENT OF IMPRESSION MATERIALS. 5

difficult cases with the composition. A struck tray
is never employed when plaster of Paris is the im-
pression material ; in these circumstances, if it be
desirable to use a special tray, one may be made
from gutta-percha which has been pressed into
shape on the plaster model, a piece of iron wire
bent into suitable shape being heated and im-
bedded in the gutta-percha to serve for handle
(see pp. 183—190).

Impression Materials. —(a) Wax. — This sub-
stance is frequently adulterated with farina, resin,
stearine, &c.; it is therefore necessary to exercise
care in its purchase. The following is a simple
method of testing its purity: *Pure beeswax be-
comes kneadable at about 85°, and its behaviour
while worked between finger and thumb is charac-
teristic. A piece the size of a pea being worked in
the hand till tough with the warmth, then placed
upon the thumb and forcibly stroked down with
the forefinger, curls up, following the finger, and is
marked by it with longitudinal streaks.” *

The blocks of wax as purchased should be
broken with the sharp blow of a hammer and
chisel, and melted in a pipkin (over boiling water);
the wax is then poured upon plates which have
been slightly oiled. The discs obtained in this
manner can be readily softened, and each of them
should contain sufficient material for an upper or
lower complete model. Wax may be softened by
dry heat or by warm water. By using the former,
the working qualities are retained longer in the wax

than when water is used. Whichever method be

* Barnard Proctor.




6 MECHANICAL DENTISTRY.

smployed, however, careful application of the heat
is necessary, so that the material shall be made suffi-
ciently soft without bringing it near the melting
point. 'Wax melts at 19o° F., and the heat recom-
mended for the water in which it may be softened is
120°to 130° F. 'When soft it is kneaded by hand,
rolled to shape, and placed in the impression tray—-
which should be first heated slightly in order to
make the wax adhere to it. The impression is then
taken, greater force being required in the upward
pressure than that required for composition or plas-
ter. “Some practice is necessary,” Mr. Harris says,
““in knowing the proper quantity of wax to use in
the cup; the usual mistake is to take too much.”
This applies still more when composition or plaster
is the impression material; for these being much
heavier than wax, there is so much the greater
tendency for (in the case of uppers) the material to
fall away from the surface to which it is pressed.
The wax should be moulded, when placed in the
tray, into a rough outline of the mouth to which
it is to be applied ; this will enable the operator to
do with less material and less pressure than would
otherwise be necessary.

(6) Gutta-percha.—This substance is much valued
by some dentists, as giving most accurate impres-
sions, and being especially useful for under-cut
cases. The general experience seems to be, how-
ever, that gutta-percha is not to be depended upon
for this purpose, the shrinkage which it undergoes
after withdrawal from the mouth being very con-
siderable. To avoid this shrinkage, it has been
recommended to leave it till it becomes perfectly
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hard before withdrawing ; but then it will be found
in under-cut cases that it is impossible to wi/idraw
the impression. If the dentist should ever experi-
ence this, the best plan he can adopt for extract-
ing the tray and material is to soften the latter by
means of warm water. Time must be allowed,
and as the mouth becomes inured, the temperature
of the water given may be increased, until the
gutta-percha shall be softened sufficiently for with-
drawal. To prepare this substance, heat it in
water slightly under boiling point, and dry it
before placing in the warmed impression tray.

(c) Godiva, or Stent, Composifion.—By means of
this composition impressions may be obtained with
much more accuracy than with wax, though with
less accuracy than with plaster. It does not, how-
ever, demand so much from both operator and
patient as the latter substance, and its inferiority
is perhaps so little as to make it preferable in
many cases where a plaster model is not easily
obtained. Therefore we find the composition used
generally for partial cases, while for edentulous
uppers or lowers plaster is employed. It Iis
softened in water of a somewhat higher tempera-
ture than that required for wax; but the water
should never be allowed to reach the boiling point,
as over-heating destroys the material. The tray
is filled in the manner already described. In
taking the impression less force is required than
for wax, and the material must be kept in position
while setting by preserving a steady pressure upon
the tray. When the composition has become
sufficiently hard, the impression is withdrawn from
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the mouth, and cold water should be allowed to
flow over it.

(@) Plaster of Paris.—This is generally recognised
to be the material which gives the most perfect
impression of the mouth. The plaster for this
purpose should be new and of the best quality. It
must be carefully mixed, and this should be done
in or as near the operating-room as possible. It
is generally found necessary to mix with the water,
before adding the plaster, a small quantity of salt
or other substance which will accelerate the setting.
The quantity of this setting-mixture to be used
altcgether depends upon the condition of the
plaster at the time of mixing. New plaster, for
instance, requires more ‘ hastening” than that
which has been some time in use. Where there is
any doubt about the setting-time of plaster, a small
quantity should be mixed as a test, and the time
noted that it takes to change from the consistence
of molasses to the condition when it will dreak.
The mixture can then be applied, so as to accele-
rate up to the desired time.

The proper quantity of water and setting-mixture
having been placed in a small basin, the plaster
is added in a careful and equal manner until it
reaches the surface of the water; it is then mixed
thoroughly and filled into the tray. The plaster
should be left higher in the centre, so that on
introducing it into the mouth it will come first in
contact with the palate. When it shows a disposi-
tion to retain the form given to it with the knife or
spatula, it is in a proper condition for placing in
the mouth and taking the impression. Another
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guide for this is when the tray can be turned over
without spilling the plaster. For very high palates
a little plaster is sometimes taken from the basin
on the point of the forefinger, and placed directly
on that part of the palate just before introducing
the tray.

With regard to taking the impression, Mr. Coles
says: ‘“The great secret of saving your patient any
discomfort is just to have the right quantity of
plaster in the tray to suit the case, and then with a
steady hand place it well back in the mouth before
you let it touch theteeth. After this bring the free
borders of the back of the tray into contact with the
superior part of the palate, and then press upwards
from behind forwards until the whole of the tray
embraces the dental arch. Adopting this plan
secures two points: you prevent the plaster falling
backwards and falling upon the base of the tongue
to produce retching, and also bring the overplus to
the front of the mouth, where it is visible and
therefore more manageable. When the plaster
that remains in the basin will break with a clean
sharp fracture the impression must be removed
from the mouth. Air having been let in at the
sides by drawing away the cheeks and lips, steady
downward pressure must be applied to detach the
mould from the teeth and gums. At this part of
the process there must be no hesitation on the part
of the operator, as every moment the hardness of
plaster is increased and the difficulty of safe
removal becomes greater.” For edentulous and
many partial cases the ordinary tray, filled in the
manner described, will give the best results.

B3




10 MECHANICAL DENTISTRY.

Where the teeth standing in the mouth are leaning
towards each other, however, or are what is called
under-cut, a plaster impression so taken would
occasion much trouble, so that it is advisable to
provide in a special way for overcoming these
difficulties.

We may do this either by altering the arrange-
ment in the tray, so that on withdrawing the
impression, the plaster will readily break at the
difficult points, and in such a manner that it can
easily be joined again, or we may make such
a temporary change upon the standing teeth them-
selves as will enable the impression to be readily
withdrawn.

The first can be effected in the following manner.
Take an impression in Godiva or wax in the usual
way, and scoop out this over palate and gums to
the depth of at least an eighth of an inch, and
freely about the teeth, leaving, however, the border
of the impression standing to the breadth of about
an eighth of an inch. This forms a shallow box,
into which—the surface having been roughened—
plaster is filled, the narrow border which has been
left across the palate being a guide as to the
quantity required, and also serving as a dam to
prevent the escape backwards of the plaster. The
model is taken in the manner already described
for this material, and, when withdrawn, the plaster
will readily break at the under-cuts. The pieces are
then collected, placed back in position, and fastened
with cement at the bench.

Professor Austen advocates another method, but
on the same principle: “Take a wax impression

S R S
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and make a model; in partial cases brush over
the teeth of the model one or two layers of thin
plaster, to fill up all under-cuts, and to make the
plate fit loosely; saturate the model with water
and mould over it a gutta-percha cup. It should
be on the inside from a { to 1 an inch thick, so
as to be stiff and unyielding; but on the outside,
next the lips, not more than } or {4 thick, so
as to be slightly elastic and yielding. The whole
inside of the cup must be roughened up with a
scaler or excavator in such a way that the plaster
can take firm hold. In most partial cases the im-
pression must be removed in sections, the inside
remaining entire, but the outside and the parts
between the teeth coming away separately. In
very difficult cases it is necessary to partially cut
into the cup, so as to permit its removal in sections
with the plaster adherent. These cups have no
handle, but are removed by inserting a plugging
instrument into a small hole previously made in
the back part of the cup where it is thickest.”

The other principle upon which these ditficulties
are overcome is to make such alterations in the
mouth itself as will permit the withdrawal of the
impression. This is done by first of all drying the
parts, and filling in the under-cuts with softened
wax or clay; the impression is then taken with an
ordinary tray filled with plaster.

Preparation of Impressions previous to casting
in Plaster.—Those taken with Godiva or with wax
should be thoroughly cooled by running cold water
over them before they are worked with; and a//
impressions must be perfectly cleansed from the




12 MECHANICAL DENTISTRY.

saliva ot blood which may adhere to them. Blood
is generally found upon impressions where the
roots have been filed, and if allowed to remain it
will rot the plaster it comes into contact with, and
thus injure a part of the model it is most important
to retain perfect. The surfaces of the composition
or wax may be cleansed by using cold water and
a camel-hair brush. For plaster impressions hot
water may be employed. Teeth standing by them-
selves must be supported in the plaster model;
therefore it is necessary to insert pins into the
depressions which indicate their position in the
impression material. These pins may be of copper
or iron wire, of the thickness used for tube teeth,
and should be of wvarying lengths. Each pin
should be about double the length of the tooth it
is meant to support. Where the impression of the
tooth goes right up to the metal of the tray—as
often happens with long incisors—the pin should
be bent at one end to a right angle for about an
eighth of an inch ; the short end is then inserted in
the back or face of the tooth, near its apex. For
Godiva the wire must be heated slightly before
inserting, and held in position until the material
hardens round it; for plaster, a hole must be
drilled for its reception.

The surface of composition and wax impressions
may receive a very thin coating of oil. The surface
of those taken with plaster must receive a very
thorough and careful coating before casting, or the
parting from the model afterwards will not be
easily or safely accomplished. Oil may be used for
this class of impression, in which case several
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coatings must be given. Parting liquids are sold
by the manufacturers for this special purpose; and
Harris gives the following as suitable parting sub-
stances: ‘1st, a varnish of sandarach, or shellac,
or of dilute soluble glass, with a little oil upon the
varnished surface when dry; 2nd, by saturating
the impression with as much oil as it will take up
without standing upon its surface; 3rd, by coat-
ing with a dilute soap mixture.” The first—varnish
—1is liable to dull the sharpness of the impression,
and is therefore objectionable. Perhaps the most
suitable is the soap mixture, carefully applied with
a camel-hair pencil.

Casting the Plaster Model.—It is of great import-
ance that, whether for wulcanizing upon or for
plate work, we should have what is called a ‘““hard
model.,” The only way known in which we can
obtain this is by mixing the plaster thick—that is,
with as much plaster to the water as we can make
it take up.

None of the substances described as having the
power to harden plaster have really any influence
in that direction. After a little practice it may be
mixed and shaken into the impression in a thicker
state than might at first have seemed suitable for
that purpose; and if it be made in this way, and the
drying be properly done, a strong hard model will
be the result. When the plaster has been mixed,
the impression is taken in the left hand, and the
plaster is introduced (with the knife or spatula) at
one end of it—that would be in a full upper on the
slope leading down to the last molars; from this
the plaster must be made to flow right round and
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over the impression. This is done by tapping the
bottom of the tray upon the bench continuously,
while the plaster is being added at the part referred
to only. Care must be taken not to strike against
the impression material while filling it with plaster;
and in the case of the more fragile impressions
some kind of cushion should be used for striking
the under surface of the tray against. By filling in
this way (from one point only of the impression)
the air is expelled before the advancing plaster in
a harmless and regular manner: if the latter be
introduced on the other hand at dzfferent parts of
the impression, it flows together and encloses the
air, and a more or less false model is the result.
When the impression is once covered, the plaster
may then be quickly added to a thickness of about
a quarter of an inch. If the model is for a wvul-
canite case no more building is necessary: it is
allowed to harden, when the further stages are pro-
ceeded with. For a “plate” model, however, it
must be built much higher, and this is done when-
ever the plaster in the basin becomes thick enough
to “hold” or retain itself in shape. It is then
taken out of the basin, and formed, upon a square of
paper or glass placed on the bench, roughly to the
height and shape of the model desired. The im-
pression tray is next taken, and, being turned
over, its plaster is pressed down into that just built
upon the glass, a knife or spatula being used to
draw up the one plaster over the other, and also to
improve the shape, so far as that can be done while
the model is in this soft condition. Only a little
practice is required to make this the quickest and
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in all respects, the most satisfactory method for
casting a model in plaster. The latter must then
be allowed to become thoroughly hard before at-
tempting to separate it from the impression
material.

The separation of wax from the plaster model
may be accomplished by dry heat or by warm
water. If the former be employed the heat should
be allowed to come to the wax through the plaster;
a moderately hot iron plate, if the model be laid
upon it, will answer the purpose well. In either
case over-heat must be avoided, and the wax only
softened so far that in drawing it from the model
the plaster teeth will not be in danger of breaking.
For composition hot water only should be used.
The model, being placed tray downwards in the
water, should remain, where there are teeth standing
at least, until the impression material has become
soft throughout, before separating. Where plaster
has been employed for the impression very great
care must be taken. If colouring matter has been
mixed with the impression plaster the line of
separation between it and the model will be more
readily observed. The separation, in many cases, is
effected by gently tapping the tray and enclosing
border of plaster; generally, however, it is neces-
sary to prise the impression plaster away from the
other. Before doing this it may be an assistance
to heat the parts. Mr. Coles says they “should be
placed in a basin of boiling water and allowed to
remain for two or three minutes. The heat pro-
duces expansion of the plaster, and the one portion
(the impression) having been mixed earlier than
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the model this expansion is unequal and thus starts
the division of the impression.”

Supposing the model to be for a plate ¢ base,”
it must then be pared with the knife, so that it shall
part easily from the sand in the process of sand-
moulding. Ior this purpose it is not only neces-
sary to cut the sides with such a slope that will
enable the model easily to drop from the sand, but
such parts as are not intended to be covered by
the plate, and are likely to grip in the sand, must
be filled either nzow with plaster or afterwards (after
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Figs. g and 10. Upper and Lower Plaster Models pared into shape.

waxing the model) with wax. The accompanying
figures represent an upper and lower model pared
into shape.

Some dentists would now at once proceed with
the sand moulding; but the usual practice is to
““dry” the model at this stage and wax or varnish
its surface. For this purpose it should be placed
at the fire in such a position as will insure the heat
being gradually raised to a point beyond what can
be easily borne by the hand. The model is then
dipped, by means of a stout thread tied round it,
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into the mixture, which by this time should be
melted and /Aot.*

If both are in proper condition the mixture will
at once boil up over the model, which may remain
thus covered for about a minute. It is then with-
drawn, and, the adhering mixture having been
drained off, is laid aside to cool. From a quarter
of an hour to an hour may be given for “ drying” a
model. But it should be remembered that though
by under-drying the hardest possible model is not
obtained, over-drying is accompanied by much
more serious results; for it will be found that a
model which has been allowed to remain for a con-
siderable time close to a strong fire, and then
waxed, is quite unfit for use. Therefore it is neces-
sary to attend carefully to the heating of the model;
and it would perhaps be better to say “ wax the
model when it is hot” rather than “when it is

dr}r':l;'

* The mixture in which models are “boiled "’ is generally composed
of from one to two parts resin to one part wax; sometimes stearine is
used for this purpose,
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CASTING METAL MODELS.~SAND MOULDING.—
ZINC—LEAD.

Moulding Sand.—The sand employed by dentists
for this purpose is the same as that used by brass-
founders.

It must be made sufficiently damp with water
to give the necessary cohesion to its particles, and
that which is to come in contact with the model
must be fine grained in order to take a sufficiently
sharp impression of its surface. Sand which when
closed in the hand takes a good impression of its
lines, and breaks with a clean fracture, may be said
to be in proper condition for moulding.

But in preparing this material, and in the subse-
quent operations, it is necessary to remember that
the conditions which are most favourable to obtain-
ing a good impression in the sand—viz. dampness,
fineness of the grain, and tight “ramming ”—are
most unfavourable for the reception of the melted
zinc which is to be poured into it. So that with over-
damp and tightly consolidated sand the zinc will
boil and an imperfect model will certainly result.
Or if only the necessary dampness has been given,
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still, if the sand be tightly packed, there will be the
same unsatisfactory result.

The explanation is, that when the melted metal
comes in contact with the sand steam is immedi-
ately formed, which, if the latter be loosely packed,
will escape harmlessly through the pores; but if,
on the other hand, the sand be solid, then the steam
cannot escape in that way, but struggles through
the metal, causing it to “boil,” and a false model
is generally the result. The sand which is to come
in contact with the model may be fine grained, but
the flask or ring should be filled up with a coarser
kind.

Casting Rings or Flasks.—These are sometimes
in the form of a square wooden frame ; but generally
iron rings are used for this purpose, of very simple
construction, being merely a hoop of cast-iron,
greater in height and circumference than the model
to be cast in it, so that sufficient space may be left
between the model and iron in all directions for the
sand in which the former is to be enclosed.

The casting ring is placed upon the bench, and
the model, after being brushed with parting powder
(Iycopodium, or French chalk), is placed in the centre
of the ring. The fine sand is now dropped over
the palate, &c., and this is followed by the coarser
kind, sufficient pressure being used to carry the
sand into all the irregularities of the model. The
ring is now filled up with the coarser sand, and it
must not be “rammed ”’ solid, but only sufficiently
tight to prevent it from giving way in the sub-
sequent handling. A knife should bedrawn across

the superior border of the iron ring, to give the
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sand a perfectly level surface. The mould is now
lifted perpendicularly by the left hand a few inches
from the bench, and a few taps over the bottom
surface of the model with a riveting hammer will
suffice to disengage it from the sand.

Another method of taking the model from the
sand may be adopted. After filling the ring and
levelling the surface, the mould is turned over, so
that this surface shall be next the bench (which
must be clear of sand and flat). The model is then
gently tapped over the surface with the hammer,
and lifted out of the sand as it becomes loosened,
either by means of a pointed tool or screw sunk in
the plaster, or by inserting the thumb and forefinger
just enough to grasp the model at opposite points ;
while it is so held with the left hand the hammer is
used in the right. This method of bringing away the
model we decidedly prefer for the following reasons.
When this plan is adopted, portions of the sand
impression which may become detached still
remain in the mould, and can, with careful treat-
ment, be pushed into position again; but when the
model is dropped out, as in the first method, the
detached sand falls with it, and cannot be replaced.
Again, it is possible to humour a model when lifting
it out, so as to preserve an under-cut, which would
break away if the other method were employed.
For example, an edentulous upper, with an under-
cut in front, may often be withdrawn in this way
without injury, if the sand be first cut from the back
wall of the model to allow for the necessary move-
ment. Where it has been considered necessary to
use fine sand tightly consolidated, an escape may
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be provided for the steam by piercing the sand with
a broach over the surfaces not required for the
fitting of the plate; for example, the palate may be
treated in this way when only a narrow gold plate
is to be fitted to the model.

The majority of models may be obtained by
the methods just described; but others are met
with presenting difficulties not so easily overcome.
Partial cases, for instance, where the teeth, from
their shape and inclination, make it impossible to
withdraw the model without destroying the im-
pression ; and edentulous cases also, where under-
cuts extend along both sides of the model. In the
former—partial cases—the difficulties are got rid of,
when the teeth causing the trouble are to be clasped,
by removing the complicating teeth from the model
previous to taking the sand impression. In order
that they may be removed satisfactorily, and so that
they may be r¢placed perfectly, it is necessary to
have this point in view when inserting the iron or
copper pins into the impression material before
casting the model in plaster. The pins should be
straight and slightly bevelled, and the fiucker end
inserted in the impression material. Before taking
the model in sand, the teeth to be clasped and
likely to cause difficulty are cut round their necks
with the fine bench saw, but only so far that by a
slight rotary pressure a clean fracture across the
neck will take place, and the tooth and pez will
leave the model together. An otherwise impossible
impression may now be taken with ease; and the
teeth may be returned afterwards to perfect posi-
tion, a little cement from a hot knife being used to

4ﬂ




22 MECHANICAL DENTISTRY.

fix them. It will be observed that if the pins had
not been bevelled as described, they would probably
have remained standing in the model when the
teeth were removed.

Where this method cannot be adopted the under-
cuts may, in many instances, be filled out with wax
to simplify the sand moulding ; for there is a con-
siderable number of cases of this description in
which a perfect fitting of the plate into the under-
cuts is undesirable; Fig. 11 shows such a case,
where it would be impossible to insert in the mouth
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Figs. 11 and 12. Models showing peculiar difficulties with respect to casting in
Sand.

a plate fitting perfectly to the under-cuts here in-
dicated. In other cases again we might make an
addition, for the purpose of facilitating the mould-
ing, which may easily be taken away with file or
punch from the zinc cast.

By the means already noticed we are enabled to
succeed with all but a few cases of special difficulty,
and these include edentulous uppers, where the
under-cut extends along the outside of the alveolar
ridge on both sides of the jaw. The figure shows a
section of a model with these under-cuts at A and B.
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In such a case we fill a casting ring loosely with
sand, and, when filled above the level of the ring,
consolidate the surface slightly with the hand. Now
ke the plaster model and press it perpendicularly
down upon the sand until the impression is buried
about an inch, when the sand is pressed compactly
between the ring and model. A knife is now
ed to cut a wedge-shaped block from each side,
hich will thus leave the under-cut parts entirely
xposed, and the model is withdrawn. The surface
f the cut sand may now be more carefully shaped

Figs. 13 and 14. New method of casting in difficult cases.

and made as smooth as possible. Parting material*
is then shaken over these prepared surfaces, and
the model, which should also be brushed with chalk
or lycopodium where it comes into contact with the
new sand, carefully replaced. The prepared spaces
on each side are now filled with the finest sand,
made thoroughly cohesive and consolidated as well
as the circumstances will permit (Fig. 13). While
packing these side blocks, one end of a short
length of binding wire may be left imbedded, by

# The best parting substance for this work is sand which has bec
dried by heat and reduced to fine powder.




24 MECHANICAL DENTISTRY.

which they can readily be moved. The model i
now slightly tapped, the cores drawn gently asidey,
only sufficient to allow the model to pass, and th
latter is withdrawn. The cores are returned to the:
exact position, and the zinc might now be poured ;;
but before doing so we must provide means forr|
obtaining a thicker and stronger zinc. For thiss
purpose an iron shape, represented in section imi
Fig. 14, must be placed lightly upon the sand,,
which will give its own form to the metal—ani
upper part of a vulcanite flask for instance comes:
very near the shape required. Some fresh sand!
should be gently placed against the shape all round,,
in case the metal should escape.

This method of taking difficult impressions by-
means of cores has been described with reference:
to edentulous cases only; but of course the same
system may be adopted with partial cases present-
ing similar complications.

By one or other of the methods explained a
means will, we think, be found for casting models
of every description, and that in the readiest and
simplest manner. A moulding flask, however, was
introduced several years ago by Dr. Hayes, which
was specially designed to overcome the difficulties
met with in the class of models we have last de-
scribed. This flask has not, however, come into
general use; the complication of parts may partly
explain why it has never become a favourite with
practical dentists, but besides this it may be said
that though the theory upon which it is constructed
is correct, the theory is one which cannot very
easily be perfectly carried out in practice.
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Figures 15 and 16 represent the lower section of
his flask. In the former figure the joints are opened
#slightly to show the movement of which it is capa-
dble ; in the latter the same section is seen closed ‘
ith a model in the centre placed ready for sand
asting. Fig. 17 represents the upper section of the

ask.
To cast by means of this arrangement, the lower

Figs. 15, 16, and 17. Dr, Hayes’s Casting Flask.

section must be closed and the joint secured by a
pin, and the model placed as shown in Fig. 16.
Should there exist between the sides of the model,
when so placed, and the flanges, or projecting
points of the flask, a considerable space, slips of
paper may be placed in the joints which shall
reach to the sides of the model; this will facilitate
the parting of the sand which afterwards takes
place. Now fill in the sand around the model until
C
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the most prominent line of the gum is reached—-
that is, until the under-cuts are enclosed by the:
sand—and smooth the sand surface. It is then
necessary to cover the latter and the exposed sur--
face of the model with a film of pulverized charcoal ;;
join the upper section of the flask to the lower, andl
complete the moulding by filling with sand. Wheni
this has been done the two sections are separated ;;
the pin securing the joint of the lower is then with--
drawn, and that part is opened so»
far as to permit of the model being:
removed without injuring the sand|
impression. After the removal ofl
the model the parts of the flask:
must be accurately readjusted!
and secured; the metal is then
poured in the usual manner. The:
greatest care must be observedl!
in separating and in reclosing:
the parts when working withi
S this flask, for it will be seen
Zinc and Lead melting. . (1@t unless the readjustment is:

perfectly accurate most unsatis--
factory results will be obtained.

Zinc.—The metal for models and counters may-
be melted in a gas-stove, in which case a ladle is:
used (Fig. 18 shows a stove for this purpose, made:
by Mr. Fletcher, Warrington); or it may be melted|
on an ordinary fire fitted with a blower, in that:
case a plumber’s pot instead of the ladle should be:
used, a small ladle being employed to lift the melted|
metal from the pot and pour it into the mould..
Over-heating completely destroys zinc; it shouldl
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erefore be carefully attended to while heating,
nd the mould filled whenever the melting takes
lace. The small ladle should be heated well
efore using it for lifting the zinc.
esides preserving the metal in a
ood working condition, this plan
also, of course, favourable to ob-
ining a model uninjured by “boil-
g.” After the mould has beenfilled
nd the zinc is properly set, the
tter is then taken from the sand
nd cooled. The metal model is
ow compared with the plaster one,
nd any defects removed by using
e steel punch (Fig. 19) or file.
Lead.—The counter may now be
aken in either of two ways. The
elted lead may be poured over the
inc model, or the latter may be “let
own "’ into the melted lead.
Toobtain thefirst, the zinc—which
ust be perfectly dry—is placed
fipon the bench, and sand is heaped
ound it and high enough to reach
the margin of the impression. The
ast-iron ring which is to give shape
o the counter is then placed lightly
pon the sand, some of which is
anked up over its edges to prevent b, o ]
he lead from flowing under the gressing Zine Models.
ing and out of the mould. Into this

ron shape, the walls of which rise about two inches
bove the surface of the zinc impression, and are
C2
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slightly inclined so as to facilitate parting, the:
lead is poured.

To obtain a counter by the other method, the
lead is melted and poured into a suitable irom
shape, and the zinc, held in the hand or by plierss
teeth downwards, is imbedded to the extentt
required, in the melted metal, and held in position
until the latter sets. Or the lead having beemi
melted in a ladle, the zinc may at once be sunk in

imbedded. When set, the lead counter is strucks
from the ladle, and, being of the same shape as thes
latter, it forms what some consider a most con-
venient reverse, especially where it is the custo
to do much of the striking upon the knee or in thes
hand. We prefer to make the counter in thef
manner first described ; it need take no more times
¢than the others, and a good one is perhaps obtained:
with more certainty:.

When the metal models have been cooled i
water, they may then be separated by striking
the zinc on opposite sides with the bench hammer:

The shrinkage of zinc interferes more or lesss
with the perfect fitting of plates, and some dentistss
have tried what are called ‘fusible metals,” whicl
have much less shrinkage than zinc. There arej
objections to the use of the fusible metal modelss
however, of another kind, which render them un-
suitable, so that in regular practice zinc is still
employed as the best metal from which the die
can be made. The following particulars witl
regard to fusible metals are given by Professon
Austen ;
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“Type Metal.—Lead, 5 parts; antimony, 1 part.
uses at 500° contraction less than one-half that
zinc, more compressible than the latter, and
ery brittle.

“Zinc, 4 parts; tin, 1 part. TIuses at a lower

eat, contracts less in cooling, and has a less
rface-hardness than zinc.
“Tin, 5 parts; antimony, 1 part. Melts at a lower
eat than either of the preceding alloys, contracts
ut slightly in cooling, is harder than tin, and
fficiently cohesive. It is readily oxidized, and
ould be poured as soon as melted.”

Fusible Alloys.—The following tabular view of
e more fusible alloys, the respective properties
f which are deduced from actual experiments, is
iven by Professor Austen, in a paper on “ NMetallic
ies ” (American Fournal of Dent. Science, vol. vi.
. 367). Zinc is introduced into the table for the
urpose of comparison,
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CHAPTER 1IL

GOLD —PLATE—CLASPS—WIRE.

FINE gold is much too soft to be employed as &
“base” plate for artificial teeth; it is therefore
necessary to mix with it a certain amount of silvet
and copper to obtain the hardness required for this:
purpose. |

Four pennyweights of alloy to the ounce of fine?
gold is sufficient to render the metal suitable for
dental purposes; and this is the quality of gold
(20-carat) adopted by many eminent dentists fo
base plates, while they use 18-carat for clasps, &c :
The standard favoured by the majority of dentists,,
however, 1s 18-carat—6 dwt. alloy to the 18 dwt..
of fine gold—for plates, and 16-carat for clasps:
and wire. It would be more satisfactory if the:
clasps, &c., were made of the same quality as the:
main plate, as then we should be able to use solder"
of a higher quality than is at present possible. |

(old plate and wire, of the various thicknessesl,
and qualities required, may be purchased at the
depots ; and in practices where there is a constant
flow of mechanical work probably that is the most
profitable plan to adopt. Where quiet seasons

L
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ccur, however, with considerable regularity these

ay advantageously be turned to account by the
lentist preparing his own plate and wire. Toaccom-
olish this the following are the chief implements
equired : furnace, crucibles, rollers, draw-plates.
he furnace employed for melting the metal may
oe the ordinary draught furnace (Figs. 20 and 21),
ouilt of brick-work, the chamber in which the fuel
and crucible are placed being about 8 inches square
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Draught Furnace for Gold.

Figs. 20 and z1.

fand about 15 inches deep. The sides of this chamber
fare formed with fire-bricks, and at the bottom is the
Ygrated(Fig. 20)which supports the fire; the rest of the
flwork may be done with the ordinary bricks, build-
fing up to suitable shape. When this is completed
the top forms a flat surface, upon which an iron
plate & is fixed, which forms a convenient heating
surface for many purposes. Or the melting may
be accomplished by means of a gas furnace. Of
these, the one introduced by Mr. Fletcher, War-
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rington (Fig. 22), is best known to dentists, and it is
highly spoken of by many. Of crucibles there are
two kinds: the clay, and the plumbago or black-lead
crucibles; the latter are to be preferred for several
reasons. They can be used repeatedly—Mr. Gee
says from twenty to ffty times with care—and
therefore their original excess of cost over the others
disappears. They may be subjected to the greatest
and most sudden alterations of temperature without
cracking ; and, most important
of all, their surface, both within
and without, may be made very
smooth, sothat particles of melted
metal will not hang about the
sides—an advantage not pos-
sessed by any other crucibles in
the same degree.*

Iron tongs are required for lift-
ing the crucible from the fire,
and for pouring the metal into
the ingot mould or “skellet.”

Fig. 23 shows an ingot-mould
Fig.22. Gas Fumacefor  of the ordinary kind. For small

Gold (Fletcher's). e

quantities of gold the arrange-
ment shown in Fig. 24 has been introduced by
Mr. Fletcher. Here the gold is melted by the blow-
pipe flame, when it is made to flow into the mould
by turning the latter by means of the handle to a
suitable inclination.

Alloying the Gold.—Weighing the alloy for the
gold requires strict attention. To prevent the

* Percy’s ¢ Metallurgy.”
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i possibility of error, the calculation and weight
il should be checked by a second person.
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Figs. 23 and 24. Ingot Moulds.

With fine gold the amount of alloy required to
reduce one ounce to the several carats is as fol-

lows :—
dwts. grs.
To the ounce of fine gold add of alloy . . 4 o= 20 caral.
1y LR 13 i 15 = I{:" L} ]
1" 1 1 . . 616=18 ,
1 54 " . 10 =15 i
.14 b=14

1y ¥ 1y

It is frequently found most convenient to reduce
from gold coin, which, being mixed with the
greatest accuracy, can be perfectly relied upon as
regards its carat value.

The English sovereign is 22 carats fine, and
weighs 5 dwts. 343} grs.; itis therefore worth for
melting exactly its value as coin.

When the sovereign is used, less alloy is of

C3
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course required than for fine gold; the proportion
required for the several carats is as follows :(—

dwts. grs.
To four sovereigns add alloy ., . . 2z I =20 carat,
1 L = - = 3 6 - Ig n
11 L3 « +» « 4 I2 = 18 i
E T . & » ¢ I3= 16 "

”» - s » «II 7=14 5

Alloy.—For gold plate the alloy used is always
silver and copper. The proportion in which these
are mixed with the gold influences the latter both as
to colour and hardness: copper gives hardness and
a red tinge to the gold, while silver preserves its
softness and gives it a greenish-white tinge. The
general rule is, for base plates, to make the alloy of
equal parts silver and copper, or with a slight pre-
ponderance of copper. For clasps, wire, &c. a very
decided preponderance of the copper is given, in
order to produce the necessary elasticity; some-
times a few grains of platinum are added for clasp
gold. For solder rather more silver is given to
the alloy than copper, and sometimes a few grains
of zinc.* It must be remembered when coin gold is
used to reduce from that the sovereign is already
alloyed with {;th copper, so that the alloy to be
added must consist mostly of silver, in order that
anything like equal quantities of silver and copper
may be mixed with the gold. Thus in the four
sovereigns there is 1 dwt. 17 grs. of refined copper ;
therefore the 4 dwts. 12 grs. of alloy to be added to

* This last addition is condemned by many dentists; while others
recommend it, but only in wexy small proportion,
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’fnur sovereigns to reduce to 18-carat must be com-
posed of 3 dwts. 2} grs. silver, and 1 dwt. ¢} grs.
copper, in order that the total alloy in the resulting
gold shall be equal parts silver and copper.

Formule, recipes, &c., regarding gold plate,clasps
wire, and solders will be found at pp. 217—221.

Melting.—On this subject Mr. Gee says in hig
“ Practical Gold Worker” : “In preparing the mix-
ture of gold, silver, and copper for the crucible, care
should be taken in weighing them accurately, in
order to prevent improvement or deterioration in
the qualities of gold constantly in use. In melting
all qualities it is a wise plan to place the lightest of
the metals at the bottom of the crucible—viz. the
copper first, the silver next, and the gold last;* by
so doing, the melter is more likely to get a perfect
amalgamation of the metals, as the gold, being the
heaviest, is sure to find its way to the bottom of
the pot. Plumbago crucibles are the best for all
practical melting purposes, and, with care, will last
from twenty to fifty times. If new, a very small
quantity of charcoal powder should be put into the
pot with the mixture of alloy. This coats the sur-
face of it, and prevents the metals from adhering to
it. When the gold is at the point of fusion, fling
on to it about a table-spoonful of pure and perfectly
fine vegetable charcoal. The layer of charcoal
which forms upon the surface of the gold in the
crucible protects the mixture from the action of the
air, which would refine the gold by destroying

# In melting small quantities we have adopted the opposite order—
melting first the gold and silver and then adding the more volatile

metal, the copper.
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some of the gold. When perfectly fused, the mix-
ture must be well stirred with an iron stirrer (con-
sisting of a long round piece of iron sharpened at
the point), which should previously be made red-
hot, to render the whole mass uniform in quality.
The pot is then quickly withdrawn, and its contents
poured into a suitable ingot-mould, previously
warmed and greased to prevent adhesion. The
warming of the mould is quite indispensable; but
if made toco hot, the metal, on being turned into it,
will spit and fly about. DBesides incurring great
loss of gold, dangerous results may thereby happen
to the person in charge. The same remark applies
when the ingot is cold; therefore this part of the
process must not be neglected, but carefully at-
tended to. The ingot-mould, we may state, is hot
enough when it will just stand touching with the
hand for a second or so.

“When it is desired to produce very tough gold,
use, as a flux, a table-spoonful of charcoal as
before, and one of sal-ammoniac, adding it to the
gold on the eve of melting. The sal-ammoniac
burns away while toughening the gold, leaving the
charcoal behind to perform the functions already
indicated.

“For producing tough gold, the employment of
common salt as a fluxing agent is sometimes
strongly recommended. There is not, however,
much to be said for its use, as it produces a very
liquid flux, and is not half so clean as the one we
have recommended. In the casting, unless very
great care is exercised, it runs into the ingot-mould
with the gold, producing a brittle-like substance;
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and this forces itself into the bar of gold, the sur-
face of which becomes irregular and full of holes.
On this account alone, in preparing clean and
smooth bars of gold it is objectionable. The same
may be said of borax, but that 1s still largely used
in the jewellery trade for melting purposes.
Nevertheless, we are confident, from long practical
experience (the result of many years’ study and
practice, during which time we have worked up
many thousand ounces of gold), that there is no
better flux than the mixture of sa/l-ammoniac and
charcoal for every possible purpose required in the
subsequent treatment of the different qualities
of gold; and that for toughness, cleanliness, and
producing good workable properties, it cannot be
surpassed.”

Scraps, or Cuttings and Filings.—These, if kept
clean, and apart from the miscellaneous scraps and
filings derived from repairs, &c., may, without diffi-
culty, be melted by the process already described,
In order to preserve them in this condition, sepa-
rate trays should be provided for new work and
repairs; and that used for new work should be
cleared frequently, the gold being collected in a
box until required for melting. That used for
repairs, &c. will contain, even when the utmost
care has been taken to exclude them, various sub-
stances which will render the rolling and working
of the gold with which they are associated some-
times a very difficult if not altogether impossible
process. These substances include small pieces of
lead, iron, mineral, zinc, and platinum, &c. Iron is
to a great extent removed by means of the magnet,
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which should be repeatedly drawn through the
scrap. Even should s/zg/ht traces of this metal
remain, it does not seriously interfere with the
working qualities of the gold. It is different, how-
ever, with other metals. Tin, lead, antimony, or
bismuth, if only forming +5sth part, destroys the

ductility of the gold. Exposure to the fumes of

red-hot tin or lead renders it hard and brittle.
Gold should therefore not be melted in a furnace
which has recently been used for these metals.
The plan recommended, as the best to adopt in
these circumstances, * is to roast the scraps with
nitre for half or three-quarters of an hour, adding
small portions at a time. The melted metal may
then be poured into an ingot-mould. The nitre
removes the traces of zinc or iron which may be
in the metal. If, after hammering, annealing, and
rolling, it should still be found brittle, it must be
remelted, and chloride of mercury used as the
refining agent. This will remove the traces of lead
or tin. Gee recommends that the scrap should be
first melted as described for new gold ; if the metal
should then split in the rolling, remelt it with 2
parts carbonate of potash and 1 part nitrate of
potash. Should it still prove brittle, melt again
with a flux composed of 2 parts charcoal and 1
part corrosive sublimate (bi-chloride of mercury).
When the scrap is very coarse, however, being
made up of solder, platinum pins, &c., besides the
baser metals referred to, Mr. Richardson advises
the dentist to have recourse at once to the “humid”
process of refining (that just explained being the

* Richardson’s ¢ Treat. on Mech. Dent,”

il il s
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“dry” process). That is to dissolve the metals by
means of acids, and then precipitate the gold from
the liquid. This plan is not to be recommended
for this reason, that, apart from the great amount
of time and inconvenience connected with it, the
cost of chemicals and the loss of gold is out of all
proportion to the small amount of metal the dentist
requires to refine; so that with the utmost care
the money loss resulting very closely approaches
what a respectable refiner would charge for doing
the work.

When the scrap is in the condition described,
the best plan is to melt it with an ordinary flux,
afterwards break the crucible, and send the metal
to a respectable refiner, who will, as the dentist
desires, return the purified gold or its value in
money, deducting a small charge for assaying and
refining. Should, however, the dentist wish to
make a trial of the scrap and filings himself, the
following particulars regarding the treatment of
lemel will assist him,

Lemel.-—This consists of the gold dust and very
small scraps, with which organic matter and other
impurities are always associated. ¢ Sift the lemel
through a fine sieve, to separate the small portions
of gold from the dust, letting the lemel fall on a
clean sheet of paper provided for the purpose. This
should then be carefully put into an iron ladle,
and heated until all the organic matter is entirely
destroyed. When the burnt lemel has sufficiently
cooled, put the magnet through it, in order to
collect and remove whatever iron or steel filings
may be contained therein. The scrap should
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always be separated from the lemel (gold dust).
Then take—

Lemel or gold-dust . . . . 12o0zs.

Carbonate of potassa . . . . 2,

Commongalt . . « » 5 = X 0%
15 0zs

Well mix the lemel with the salts, and then place
the preparation in a skittle-pot; after which place
a layer of common salt on it, and transfer it to
the furnace. A greater portion of the mixture
should not be put into the crucible than will fill
it to within one inch of the top, to be safe, as it
rises in the furnace and may overflow. When the
fire is at its height, the heat must be continued for
half an hour longer. The pot, at the expiration of
that time, must be carefully withdrawn, and placed
aside to cool, when it may be broken at the bottom
with a hammer, and the gold will then be found in
a button. A little nitrate of potassa (saltpetre)
may be added occasionally when it is in a state of
fusion; but the saltpetre must be added with very
great care, for if too much be put in, and organic
matter be still present, it will rise above the top of
the melting-pot and carry some portion of the
precious metal with it. This may be prevented,
however, by the timely application of a little dry
common salt in powder.”

The gold produced in this manner will be more
or less below the quality usually worked for plate,
and the dentist therefore may have to add fine gold
in order to raise it to the usual standard.

“The pouring of the gold into the ingot-moulds
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is an art which requires some little skill and
practice. The flux floating upon the surface of the
‘gold in the crucible may be prevented from passing
into the ingot-mould by using a thin piece of flat
‘wood held in the left hand: poplar wood is the

Fig. 25. Rollers for Gold.

best because it burns very slowly.”* The gold is
then filed along its edges, and may be reduced
somewhat in thickness at the anvil before taking
to the “rollers” (Fig. 25). The metal should be

* (Gee's ¢ Practical Gold Worker,”
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introduced between the rollers, in the course of the
rolling operation, in the same direction; unless
when it is necessary to ‘cross” so as to accom-

pron—

0000000060
00000006609 |
0000000000 |

Fig. 26. Draw-plate for Wire.

modate the pattern lead, in which case the gold
must first be annealed.

Clasp and wire gold is made of a mixture of gold,
silver, copper, and sometimes platinum, or, without

Fig. 27. Drawing Tongs,

the platinum, more copper is used in the alloy than
silver. The various receipts for this kind of gold
are given at page 219.

To make wire the bar of gold is only slightly
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reduced in the rollers, and from this thick plate
| strips are cut by means of strong shears fixed in
the vice, the gold being held firmly in the grasp of
strong pliers. ZBefore and affer cutting, the metal
| must be annealed. The strips are then— their
. edges having been slightly filed—hammered on a
small bench anvil so as to give a certain amount
| of roundness to the strips, which is necessary
| before submitting them to the draw-plate (Fig. 26).
| They are then annealed, and one end must be filed
| to a suitable point, which, being introduced in the
| hole of the plate, comes through and affords a hold
| for the pliers or drawing tongs, by which the rest
of the strip is drawn through. The draw-plates
| may be fixed in the vice where there is no draw-
| bench, and the point of the wire being grasped
| firmly in the drawing tongs (Fig. 27) a sudden pull
| or fall back of the body will draw it through. The
wire should be kept oiled, and be occasionally

annealed.




CHAPTER 1IV.
THE BLOWPIPE—SOLDERING.

The Blowpipe.—The dentist may employ the
simple mouth blowpipe for his soldering operations,
or he may use one which receives its supply of air
from a bellows, or a third, the hydrostatic blow-

Fig. 28. Bellows for Blowpipe.

pipe, in which the inflow of water is made to expel
the air contained in a tank or reservoir with such
force as will give the blast required.

An ordinary bellows fixed to the floor, with an
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elastic tube joining the nozzle of the bellows to the
ordinary mouth blowpipe, with such slight modifi-
cation as may be required for regular action by
the foot, will serve as a bellows-blowpipe. More
complicated machines may be purchased, however,
and which, no doubt, act more satisfactorily, in
which reservoirs are provided to equalise and
maintain the stream of air.

A very simple form of hydrostatic machine is
obtained in the following manner. One tank
having been filled with water, another, made
rather smaller, so as to fit easily into the first, is
turned mouth downwards upon the water con-
tained in tank No. 1. Thus the second tank is
filled with air, which cannot escape except when
a stopcock fixed in the top is opened. To this
stopcock is fastened an elastic tube, the other end
of which is attached to the blowpipe. To give
force to the blast it is only necessary to add
weights to the top of the tank containing the air.

Richardson thinks highly of the one represented
by Fig. 29. It “consists of a tank or cylinder made
of sheet iron, zine, or copper, of variable dimensions,
usually, however, from 4 to 6 feet in length and
from 12 to 20 inches in diameter. To the side of
the cylinder, near the bottom, a pipe with faucet
is attached called the supply-pipe, and is designed
to convey water to the tank, another is attached to
the bottom, termed the waste-pipe, and is used
to discharge the contained water. To the centre
of the top of the cylinder is adjusted a stop-
cock to freely admit the ingress of air when
the water is being discharged, without which the
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sides of the cylinder would tend to collapse on the ¥
formation of a vacuum within. An india-rubber
tube is also united to the top of the cylinder on one
side, and is attached at its
other end to an ordinary
blowpipe or gas jet.” e
The simple mouth blow- ¥
pipe (Fig. 30), however, is
the one generally employed
by dentists, and no other is ¢
really required in order to |
accomplish the wuswal sol- 1§
dering operations required
for dental work. The flame 3 t

by it can be regulated per-
haps more readily and ac- 3§
curately than by any other J}!
. means; and if the dentist
""_Hm-.|||a;5:.a.t;¢T —_ does but take the little S
Fig. 29 1—1_1.-.1m5m|]ﬂc Machine for SOl TR R S F
: Hiowpipc (Richardson's). the art or “ kEEPiﬂg’ up the |
blast,” even the longest sol- |
1
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dering operations may be completed with perfect
ease, and without that strain upon the chest which

e

r‘.
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Fig. 0. Ordinary Mouth Blowpipe.

otherwise attends this work, and which has been
the reason for most if not all having recourse to the
machines referred to. The ability to maintain a
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'Jcontinuous blast is not difficult to acquire, as is
‘$often supposed; some come to it at the first or
‘#second trial, and «// will overcome the difficulty
‘Mafter a few well-directed efforts.

“The art once learned,” says Harris, “is nevel
orgotten. DBut many will not master the first dif-
iculty, and become the slaves to mechanical appli-
#ances which, however useful for many purposes,
‘dcan never supply the place of the simplest and best
ot all blowpipes.”

4 The following directions, given by an anony-
dmous writer and quoted by Richardson, will point
to the conditions required for maintaining the
olast.

““The tongue must be applied to the roof of the
mouth, so as to interrupt the communication be-
tween the passage of the nostrils and the mouth.
I'he operator now fills his mouth with air, which is
to be passed through the pipe by compressing the
muscles of the cheek while he breathes through the
nostrils, and uses the palate as a valve. When the
mouth becomes nearly empty, it is replenished by
e lungs in an instant, while the tongue is
omentarily withdrawn from the roof of the
pouth. The stream of air may be continued for a
Jlong time without the least fatigue or injury to the
lungs. The easier way for the student to accustom
imself to the use of the blowpipe is first to fill the
imouth with air, and while the lips are kept firmly
tlosed to breathe freely through the nostrils.
,!I aving effected this much, he may introduce the
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nostrils, he will soon learn to use the instrument
without the least fatigue. The air is forced through
the tube against the flame by the action of the §
muscles of the cheek, while he continues to breathe
without interruption through the nostrils.”

The bore of the point of the blowpipe should be ot
such a size as to admit a small knitting needle ; and
a disk or washer of bone or other substance may be j
fitted to the mouth end, so that the lips may rest
agarnst rather than close over the tube. The fatigue
which overcomes the muscles, from keeping the
lips closed over the tube, is the only inconvenience
ever experienced when working for a length of }
time with the blowpipe, and this may in some §
measure be moderated in the way suggested.

Again, after soldering for some time moisture
may collect in the tube and cause some annoyance:f
when it is forced out at the nozzle along with the
air. To prevent the escape of the moisture in this
manner, a bulb or small globe of brass may be:j
fixed in the pipe, about the middle of its smaller-}
half. The moisture then travelling along the insides
of the tube falls into this bulb, and is retained untill
the soldering is completed. Some of the blowpipess
sold with the bulbs are not really made upon thiss
principle, but the latter are merely soldered uponij
the plain blowpipe and have no communicationi
with the interior of the tube. We have found this:k
several times to be the case with blowpipes pur-+
chased from dealers in walchmakers’ materials.

Soldering.—To solder successfully, the tollowing}
points must be observed : 1st, the joints must be:
closely fitting ; 2ndly, they must also be perfectlyy
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dlean; 3rdly, the flame requires to be directed and
nanaged skilfully; 4thly, the solder should be
ell suited to the work it is used upon, and flow
‘Fmoothly.
It is most essential to have the joints fitting
Qlose. Without this condition satisfactory results
dre impossible, and to obtain it care and skill
‘fhust be employed. The second requirement is
ext in importance: the joints should be clearn.
o effect this, the parts to be soldered must first be
craped, to remove the oxidised surface of the gold,
nd then be covered with a solution of borax, in
rder that the surface may be preserved in a fit state
#or soldering. The borax solution is made by rub-
ing a lump of borax upon a slab of slate, or of
pugh ground glass, with water. In the solution
us made the pieces of solder are placed, and the
bints are touched with the solution either by using
hair-pencil or a small piece of wood cut to a
fhisel edge—this last is most convenient in many
ases. In soldering gold the borax solution
ust be very sparingly used ; when it is used in
xcess and in a careless manner, it acts as a most
fectual larrier to the running of the solder over
e parts where it is desired. In soldering silver
liberal application of borax is necessary, and,
#fter the case has been heated up to soldering
@oint, the solder should be touched with a borax
fump. Also in heating up the case after borax has
een applied, the heat should be imparted gradually
{it first, otherwise the borax will swell and displace
e solder. The third requirement is a careful

fhanagement of the flame. Various forms and
D
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shades of flame are obtained by means of thes
blowpipe. The former depend upon the position
of the point in relation to the jet; the latter upoma
the force of the blast which is sent through the:
tube. With the point of the blowpipe held at a:
little distance from the jet a broad flame iss
obtained. If the blast be a strong one, the colours
will be blue ; if weak, white. With the point held
just within the jet a pointed flame is obtained, the:
colour, as before, depending upon the force of the:
blast. Between these extremes we have others, in
which the white and blue and broad and pointe X
are associated in various proportions. Of all theses
the most suitable for our purposes are the broad
blue-white flame (mostly white) for heating upy
and the pointed white flame for reducing thes
solder. The entirely blue flame should never be
employed. As to the management of these flames;
the rule should be to heat up the plafe with thee
flame described, as if it were our design that thes
heat of the plale should melt the solder; when thed
solder from this action degins to give way, them
the pointed white flame may be turned sharply upomn
it. The fourth point—that the solder should flow
smoothly and freely—requires that the gold used
for the soldering shall be of an inferior quality to
and therefore more fusible than, the plate to bet
soldered. At the same time it must be remem-{
bered that it is most desirable that there should
be as little difference between the two golds as pos:
sible. Thus for 18-carat plate Richardson advisess
a solder 16-carat fine; then, supposing that thes
solder we use is as indicated about 2 or 3 carats







CHAPTER YV.

THE SWAGING OR “STRIKING UP"” OF PLATES.—
CLASPS.

THiS is, according to the model, a very simple
operation, or the opposite. Most edentulous cases,
and partial ones with shallow teeth standing,
are very easily swaged between the zinc and
lead models so as to fit the plaster cast; but lower
partial models with long teeth standing over which
the plate must be struck will be found sufficiently
difficult.

Suppose the case in hand is an edentulous upper,
belonging to the first class, and for which a gold
plate is required. It is first of all necessary to
have a line drawn upon the plaster model which
will indicate how far the plate is intended to extend
in all directions; sheet or pattern lead is then
pressed over the model, and cut so as perfectly to
rcpresent the future plate, the traced line being
the guide. The pattern is now taken from the
plaster model, flattened carefully, and placed upon
the gold plate, which may at once be cut by the:

bench shears according to the pattern, or a point:

may be used to trace the latter more exactly upon.

CF N -

i
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the gold before cutting. Some advise that the
gold should be left slightly larger than the pattern
to allow for trimming and slpping. We think
this is a mistake: the slight extension of the
plate which results from the striking is amply suf-
ficient to allow for trimming; and as regards the
slipping, this is an evil which must be guarded
against in a very different manner. The ragged
edges which have been left by the shears are filed
away, and the plate annealed by means of the
blowpipe flame. When gold is heated to redness
for this purpose, it may be cooled at once in water,
since no rehardening takes place, as with steel, &c.

The first part of the swaging is now proceeded
with; and it consists of beating the plate into
shape upon the zinc, by means of horn, bone, or
wooden hammers.* The plate is held by the
fingers of the left hand in position upon the die,
whilst the pointed end of the hammer is used upon
that part of the plate covering the palate. Having
got the palate to fit in a suitable manner, we next
proceed to the alveolar ridge and the outer edges
of the plate.

This part of the operation must be done very
gradually and carefully in some edentulous cases
which exhibit a tendency to “fold.” This fold-
ing of the plate, which generally occurs in front, in
fa line with the frcenum, may be prevented by fre
quent annealing and persistent use of the mallet.
In an exceptional case, however, it may be advis-
able to cut a narrow wedge-shaped piece out of the

# Horn hammers of most convenient shape for this purpose may be
ad at the dep0ts.
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front part of the plate; the edges close over each
other as the striking proceeds. 'When the plate is
fitted, these edges are dressed and soldered with
the hardest solder (Ash’s No. 1, for example).
During this and the subsequent fitting of the
plate, particles of the zinc and lead adhere to the
surface of the gold, which is in danger of being
injured by their contact when it is heated, or an-
nealed upon the charcoal. To prevent these metals
from contaminating the gold, a layer of paper is
sometimes placed between the zinc and gold, and
between the latter and the lead when swaging.
Qiling of the plate is also said to prevent the adhe-
sion of the base metals; but we prefer to use the
pickle acid for this purpose. This should be kept
warm, and in some convenient place where the
fumes may escape harmlessly. Before annealing,
the plate is immersed in the warm acid, which at
once clears it from the adhering metals. By this
plan no time is wasted and all danger is avoided.
The plate having been sufficiently fitted by
means of the mallets—during which process it
should be more or less frequently annealed accord-
ing to the peculiarities of the case—it is now
placed between the die and counter upon the strik-
ing block or anvil. A sharp blow is then given
upon the zinc with the swaging hammer, after
which the plate is examined to see whether it is
being struck into proper position ; assured of this,
it is replaced between counter and die and the
striking proceeded with. When the plate has been
struck into the shape of the first zinc, it is placed
upon the plaster model—which in some simple
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cases it may fit perfectly at this stage—and reduced
to the proper dimensions. If thereis much surplus,
the best way to do this is to go round the plate
with a marking point, tracing its outline upon the
plaster model. Now take off the plate, and as there
are two lines on the model—the outline of the plate
as it should be, and the one just drawn, the outline
as it zs—the eye is at once afforded a reliable guide
for this operation, which is performed by means of
the shears (Fig. 31), punching pliers (Fig. 32), or

Figs. 31 and 32, Shears and Punching Pliers for Plate.

file. The plate, as has been said, may fit the p.aster
impression correctly at this stage; but the fitting is
generally defective, and the striking must therefore
be continued upon a second or even third die and
counter. The usual practice is: for a model which
presents no special difficulty, two dies and counters
are provided; for the more difficult models, three
dies and counters are made. Trouble is sometimes
experienced from the splitting of the zinc die while
swaging. If a thick washer or iron punch is inter-
posed between the striking hammer and zinc, this
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annoying accident is not likely to happen. The
punch should be of such a height and shape that
the left hand may grasp it while striking with the
right.

It is by no means certain, however, that a
correct fit will be obtained by using even the larger
number of dies. For example, a suction upper
plate, coming from the last and best die, does not
accurately fit the plaster impression, but rests or
grasps along its outer edges on both sides of the
model, leaving the plate open along the line of
the palate. This is owing to the contraction of
the zinc: in reality, the plate has been struck to a
model slightly smaller than the plaster one, so that
when it is placed upon the latter it must ride or
grasp upon the outer edges. To correct this defect
the ¢ fusible metal ” models have been tried and re-
commended by some dentists; but these, as has been
observed, have defects of their own which render
their use objectionable. A more usual method for
correcting the fault of the zinc die is to place one
or more layers of damped paper along the outer
surfaces of the zinc along which the plate grasps;
the latter is then closed over these upon the die, and
then struck between the die and the counter. But
the most effectual and satisfactory method, accord-
ing to our-experience, is to take that part of the
plate which grasps, between the fingers, and bend
it out with a sharp decided motion of the thumb.
The best way to hold.the plate, so as to get the
proper purchase and so as to see exactly what you
are doing, must be ascertained before attempting

to bend 1it. If it grasps upon a particular part or




SUCTION CHAMBERS. 57

point, rather than along a considerable length of
its outer borders, we use pliers, and give the plate
a sharp pu// rather than a bend at the point where
it rocks. An ordinary pair of pliers, in which the
square jaws have been rounded away in such a
manner as not to mar#Z the plate, are most con-
venient. By one or other of these plans a misfit,
which can be certainly attributed to the shrinkage
of the zinc, may be rectified.

Suction Chambers.—A chamber may be made in
a plate by swaging or by soldering. For the first
it is necessary to fix on the palate of the plaster
model, previous to sand moulding, a piece of wax
or metal, which must exactly represent the height
and extent of the desired chamber. This is, of
course, reproduced in the zinc, and a corresponding
chamber is made in the plate in the usual course ot
the swaging process. A sharper outline is given
to the struck chamber by going round its edges
with the steel or copper punch.

In order to solder a chamber an outline of the
shape desired is drawn upon the plate. A hole
is then pierced to allow an entrance for the small
frame saw, which is made to cut out the part indi-
cated. A piece of plate, of the form desired for the
chamber, is next fitted, so as to cover the opening
in the main plate, and to make a perfectly close
joint with it. 'When this has been accomplished,
the edges must be prepared in the usual way
for soldering, and the chamber is then fastened in
position by means of wire clamps (Fig. 33). These
last are made of steel or iron wire—thickness
of pin-wire generally—and are of different sizes.

D3
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Take a piece of wire about two inches long, bend it
over the round pliers so that the ends shall meet
upon each other, and a medium-sized clamp is
formed. The case is then placed upon the charcoal
and soldered. This will be very easily accom-
plished if the joint in the first instance has been
made a perfectly close one. Small pieces of solder
should be used.

Partial Plates.—These, if the teeth standing on
the model be short, are very easily struck into
shape; the pattern lead should be cut to the exact

Fig. 33. Wire Clamps, Fig. 34. Zinc Castwith Teeth reduced
to facilitate swaging.

size upon the plaster model, and the plate, if it has
also been cut exactly to pattern, may be struck
between the first zinc and lead, without filing down
the teeth of the former, as it is necessary to do
in the cases presently to be referred to. Many
plates are rendered unnecessarily difficult to strike
by leaving the pattern lead over those teeth—
bicuspids and molars—which are subsequently to
be clasped. In all such cases the pattern should be
cut so as to fit accurately round the necks only of
these teeth. Those models on which bicuspids




PARTIAL PLATES. 590

and molars of considerable length are standing, to
the top of which the gold plate must be struck, are
sometimes difficult to strike to; and it is in these
that we find the tendency to “slip” during the
swaging process. It is found advisable in such
cases to reduce the teeth of the first zinc to within
about an eighth of an inch of the gum (Fig. 34).
Otherwise, with long teeth standing the mallet could
only be made to fit the plate to the model in a very
imperfect manner, and if the former were struck in
such a condition between the die and counter it
would split in all directions; but with the teeth
shortened to the extent mentioned, the plate can
be very readily struck into shape. Instead of
filing them down upon the zinc model—a some-
what laborious exercise in certain cases—the im-
pressions of the teeth in the sand may be filled
to the extent required. The surfaces in either
case must be solid, smooth and rounded at the
edges. The pattern for the plate may be cut upon
the plaster cast as usual; but it will often be found
most convenient to fit it to the reduced zinc cast,
leaving it “full ” over the surfaces of the filed teeth,
so as to allow sufficient material for striking to the
height required. The plate cut from the pattern is
then fitted in the usual manner with the mallet and
afterwards at the block upon the first or filed zinc.
It is then placed upon the second zinc, and forced
into shape by the mallet and bone punches; more
or less frequent annealing being necessary to pre-
vent splitting. It may now be struck at the block;
but here it is necessary to observe certain precau-
tions which shall prevent its slipping. This is a
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difficulty frequently met with in lower partial plates
or bridges. In such cases it is designed to fit to the
top of the long teeth behind which it passes; but,
after striking between the second die and counter,
the plate is found to have slipped down from the
position upon these teeth which it should occupy.

This is the result of the manner in which it was
placed between die and counter; for if the plate
and die be struck into the resisting lead, both are
not sent Zome together, but the plate is held back
by the lead while the zinc passes by itself down to
its proper seat. If the simple precaution be taken
of placing the plate in the /ead before striking,
instead of upon the zinc, “slipping ” will never be
encountered. DBut it is not sufficient to place it
loosely in the lead and then close the zinc upon it
and strike. Care must be taken that it is placed
sufficiently de¢p in the lead counter before striking.
To accomplish this in some instances it will be
necessary to use the horn hammer, and even the
round-edged pliers; the more difficulty there is
experienced in doing this, the more reason is there
for taking the trouble. Through the whole process
of “striking” the same manner of placing must
be observed, for the friction between the plate and
lead, when the former is driven down with the die,
has a constant tendency—even when the counter
has been widened by repeated striking—to draw it
down from the teeth.

If it is intended to have the plate punched”
round the standing teeth, that should be done upon
the second zinc. The copper or small bone punch
may be Hrst used. It will fit the plate sharply to
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the necks of the teeth, and so indicate the line to
be followed by the steel punch. The latter (IFig.

35) must then be used with great steadi-
ness, keeping it in constant and regular
motion along the line required. The plate
then, if accurately fitting the plaster
mode], is prepared for the ¢ clasps.”

Clasps.—Partial cases are generally
supported in the mouth by means of
clasps. These may be formed from gold
plate, or from gold wire.

The “plate clasps” are the most satis-
factory which can be employed for the
great majority of cases. The objections
to the use of the “wire clasps” are that
they are ineftective as a fastening, and
destructive intheir actionupon the natural
teeth round which they are placed. They
are ineffective because, first, they are too
narrow to give a steady support to the
case; and, second, they act upon that
part of a tooth which is not well adapted
for the purpose of holding—rviz. the neck.
Then the wires are destructive, because,
being narrow, and acting along the line
of the tooth least protected by enamel,
they act rapidly as an abrading power,
cutting into the substance of the tooth
sometimes to a considerable depth.

The effective support obtained by plate

Fig. 15, Steel
%’u?‘lsc h for
chasing.

clasps may be best observed and contrasted with
those made of wire in the case of a narrow-necked

bicuspid or canine tooth.
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Suppose a wire clasp is fitted for the tooth
figured ; when the case is finished and about to be
placed in the mouth the dentist bends the wire
to the small circumference at 4, and the theory is
that the wire will stretch sufficiently to pass over
the thick part of the tooth at #, and reclose and
grasp again the small neck when it passes to &.
In practice this does not happen; it
the wire has lost its elasticity in sol-
dering the flat teeth, it closes but little,
Fig.56. Bicuspi if any, after passing a and a wire

m'lmhmi]&f-l‘:ﬁ% retaining the best possible spring is

e oy still unable to close upon the narrow

neck of a large-crowned tooth. The
second figure shows a plate clasp fitted to the
same tooth ; as the denture to which it is attached
is pressed “home,” the clasp continues to act upon
a—the broadest part of the tooth—which it does
not pass, and therefore continues to grasp in a
perfectly satisfactory manner.

The points which must be observed
in order to obtain the best results from
this method of clasping are elasticity,
Fig. 17, Brewspia S1APE and disposition. First, the clasp

Sooth fited with should grasp the tooth by its elasticity,

and as this quality depends—other
things being equal—upon the thickness of the plate
used, the latter must be as thin as the other cir-
cumstances of the case will allow. Those other
circumstances upon which this thickness of the
plate must depend are the breadth and the length
of the proposed clasp. For example, a very long
bicuspid or molar must be fitted with one made of
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thinner plate than would be used for a much
shorter tooth, and by thus varying the thickness
we obtain an equal spring or elasticity for the two
clasps. +

Again, the length of the spring must also be
considered ; for instance, a clasp made to surround
a molar of large diameter will require to be thicker
than would be the case if a short one acting only
upon the szde of the molar was employed. In con-
nection with the elasticity of plate clasps it must
be remembered that this also depends upon the
way in which they are soldered, and, though other-
wise perfect, the satisfactory action of a clasp may
be rendered impossible by the careless performance
of this operation. A short one, for example, acting
only upon the szde of a bicuspid, must be soldered
only at the back part of the clasp, thus leaving the
whole side perfectly free as a spring. A long
clasp extending round the face of a molar, on the
other hand, should be soldered right round the
back and side as well, thus leaving only that part
free which covers the face of the tooth.

But besides varying the thickness of the plate
and the disposal of the solder, according to the
peculiarities of the clasps, in order to have them
uniformly elastic, we must vary the thickness also,
in order to accommodate the condifion of the teeth
as found in different mouths. For instance, in the
case of particularly large and firmly fixed teeth,
we must use somewhat thicker plate than usual,
whereas in the case of teeth which are slightly loose,
plate must be used which is particularly thin ; and
if this precaution be taken, observing also what has
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been said in regard to soldering, these clasps will
act in a most satisfactory manner in the latter case.
The shape of a clasp must of course correspond to
the shape of the tooth round which it is to act;
a canine tooth requires, for example, that its clasp
should be low at the back, and rise to a high peak
on each side; while upon molars and
bicuspids the clasps may be kept at an
almost perfectly regular height all round.
This kind of fastening, it may generally
W] Dbe said, should rise as high at all points
@’ as the thickest and most prominent parts
Fig.38. Canine f the wall of the tooth which it surrounds
the. P*¢ and acts upon. Canine teeth are well
adapted for clasping if the “bat’s-wing,”

or side clasp, be used.

The accompanying figure shows one side of a
canine tooth fitted with this description of clasp;
it is rounded off at a—the neck of the tooth, which
gives no holding surface—but it is carried full up
to &, which is the widest part of the
canine, and which gives a most effective
hold.

ARETE *A bicuspid clasp, acting along both
cuspid Tooth  $72des of the tooth, acts most satisfac-

fitted with

plate clasp. tﬂrily.

The usual shape of such a fastening
as it fits against the side of the bicuspid is shown
in the figure.

The advantages of these side clasps are that
they act most efficiently, and they do not “show;”
indeed, it may be said that their efficiency depends
upon their not showing, for if they were carried




CLASPS. 65

round upon the face of the tooth they would not
act so well. Lying, as they do, against the sides
of the natural teeth, the artificial ones may be
fitted over the front border of the clasp so as to
perfectly conceal it.

For the molar teeth no very uniform rule can be
| given. In the case of canines and bicuspids the
. sides are almost invariably the only holding sur-
faces, but the molars afford a good holding surface
in all directions ; and the fitting of a clasp round
| the face of teeth placed so far back in the mouth is
| not so objectionable on the score of appearance as
with the others. The molar clasp, therefore, is
sometimes made entirely to
' surround the tooth, sometimes
it acts only at the side, and
oftenest, perhaps, it occupies L
a middle POSit::lDIl between Fig. 40. Molar uth showing
ghese two. Their length de- e helent to which the Clasp
pends upon the conditions of
' each case; as regards their shape or breadth, the
| same rule applies as for the bicuspids. In the
case of a molar such as that sketched in Fig. 40
the clasp may rise high up on the side of the
tooth as at ¢ ¢; but round the face at @, and the
| back at 4, it will be observed from the shape
| that the clasp should not rise higher than the
points indicated.

Arrangement or Disposition of Clasps.—This is
a very important point, for without a correct
| adjustment or arrangement, so that they will act
| against each other and against themselves, the

| most perfectly shaped clasps will be useless.
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Having decided in any given case as to which
teeth are most suitable for clasping, it must next
be considered how a proposed clasp will act when
tightened ; that is, in which direction will it tend to
draw the plate? When this has been ascertained,
another must then be provided which directly
opposes this tendency by pulling in an opposite
direction ; then, so far as these two are concerned,
the arrangement is perfect. A double bicuspid
clasp, which closes upon both szdes of the tooth, is a
perfect arrangement. Here, if the clasp be tight-
ened on one side of the tooth, its tendency is
directly resisted by the opposite one, and the plate
remains fixed in its true position. Again, if a clasp
be carried round from the back part of a molar,
covering the posterior half of its wall, and another
round the front of a bicuspid on the same side of
the mouth, these together would form a perfect
arrangement. But suppose the same back-acting
molar clasp was used with one similarly fitted

round the dack of the bicuspid instead of round the

front, such an arrangement would result in failure,
for both clasps would draw in the same direction
and unsettle instead of fasten the plate.

We are not, however, always able to resist the
action of one clasp by that of another in the way
described. How shall a plate carrying bicuspids
and molars be fastened, where only the front six
natural teeth are standing, with no space between
laterals and canines? This is one of those ex-
ceptional cases where the “side clips ” are useless ;

for there is no clasp or point to resist their action,

and a plate fitted with them would simply be un- |
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settled, and would fall back into the mouth in the
direction of the arrow, Fig. 41, if they were closed.
The clasps in such a case must be fitted com-
pletely round the face of the canines in the shape of
a narrow band near the gum, as traced by the
dotted line  é; and they must be soldered round
the back and szde of the tooth, so that the only
acting part shall be the narrow band in front.
Then the latter when tightened will be resisted by
the gold at the back.

Again, where only one or two natural molars
remain on each side of the
mouth, a clasp fitted round
the front of the molars
only will incline to un-
settle the case and force
it out of the mouth. In
these cases, supposing the
second and third molars
to stand together on both Fig-4x flocel wity Fiate, showing
sides of the mouth, then a
clasp should be carried round the back of the third
molar to resist the tendency of the one fitted round
the front of the second. Fig. 42 shows a case of
this kind. Here if clasps were fitted only round the
front of the molar and bicuspid at a, the case would
not sz/ satisfactorily, therefore we carry clasps
round behind the molar to 4. As the third molar
is generally very short a wire clasp may be used.
Where this back clasp cannot be applied, then the
one round the front of the second molar should
encircle that tooth back and front as far as pos-
sible, and it should be soldered (as in the last
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case) round both back and side, so that the band
covering the face shall act against that at the back
of the tooth.

Wherever it happens that a finished plate, ascer-
tained to be itself a good fit, begins to spring out of
position when the clasps are tightened, it may be
concluded that either the latter have been badly
arranged or that they have been tightened in an
injudicious manner. In the latter case they should
all of them be opened until the plate fits steadily

Fig. 42. Model showing how Clasps should be placed.

again, when the reclosing must be done with par-
ticular care.

Fitting the Clasps to the Teeth and Plate.—It is
necessary first to take a pattern in lead-foil. The
foil must be pressed accurately into the shape of the
tooth, and then cut carefully to the exact size of the
desired clasp. If the pattern has been accurately
fitted to the tooth and the gold band cut exactly to
the dimensions of the lead, little difficulty will be
experienced usually in bending the gold into the
shape of the tooth. In cases of special difficulty, it
may be advisable when a fair fit has been obtained
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with the pliers to place the clasp between the lead
and zinc and strike it into shape. The impression
of the tooth in the counter should be slightly
Menlarged with a graver, and the clasp inserted into
it (the lead) instead of upon the zinc before striking,
@ in the manner already described for preventing the
slipping of plates.

‘When the clasp has been fitted and “dressed,”
@ the main plate is then filed just sufficient at the
# neck of the tooth to allow the clasp to pass down
into position between the main plate and the
natural tooth. In the case of long molar clasps, or
others intended to act only upon the front of the
tooth, the joint should be made close round the
back and szdes ; but for short side “clips” the
joint should be close along the short line at the
back, where on/y the solder is to run, and from
this point forward along both sides the main plate
may be made to taper away neatly from the clasp
to a slight extent. This will give a more finished
outline to the plate, and also leave free working
room for the band. The joints should now be
scraped, and the clasp united to the plate with wax
cement ; the latter will hold more securely if the
parts be slightly heated before applying it. The
plate with clasp attached is now carefully taken
from the model, and its lower or palate surface
imbedded in equal parts of plaster and sand, made
into a paste with water.* When this has set, the
wax is removed from the joints, which must then
be thoroughly cleansed and prepared for soldering.
The case is then heated, in order to dry the plaster.

® See p. 256.
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This must be done slowly at first, or the parts will
spring asunder. When dry, it is placed upon the
charcoal and soldered, or a preliminary heating
may be given in the fire or stove. The pieces of
solder should be small for this work, and should
be placed upon the joint and leaning against the
clasp. There is no difficulty about the soldering
if the joint is closely fitted and clean.

The plate is then disengaged from the investient,
cleaned in the pickle-acid—if it is to be tried in the
mouth at this stage—and after washing thoroughly,
it is ready to receive the biting blocks.

Strengthened Plates.—Nearly all lower plates
require to be strengthened by soldering a second
plate to the first, and the same operation is some-
times necessary with upper plates also. .

In such cases the first point to be decided is
whether the second or strengthening plate should
be soldered on the inside or on the outside of the first
or main plate. This should entirely depend upon the
relative sizes of the plates. A strengthener nearly
as large as the main plate should be soldered
on the outside or lingual surface of the other. A
narrow strengthener, on the other hand, should be
soldered on the inside or palate surface of the main
plate; for if a large strengthener were soldered on
the inner surface an unsteady fit would probably
be the result—the plate would rock wupon the
strengthener. This result is of course most notice-
able in an upper case. With narrow strengtheners
there is not the same tendency, for in the striking
they get readily sunk in the main plate, and for |
the sake of appearance these may be soldered on
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the inside or palate surface. Before cutting the
| pattern in lead for the second or strengthening
plate, the other should be tested and its weakest
points ascertained, for over these the strengthener
must be left broader than elsewhere. When a
. partial plate is strengthened it will often be
. advisable to carry a tongue of the strengthener
| into the spaces where one or two artificial teeth
will stand isolated. This is more especially re-
quired in the case of tube teeth—in these the pin
| should be soldered through both plates; it is also
| necessary in cases where the teeth are long.
The plate from which the strengthener is made
| is usually thinner than the principal one; how
& much thinner depends of course upon the pecu-
' liarities of the case. Narrow lower plates require
| stronger strengtheners than upper ones do.

The strengthener, having been struck into posi-
tion and fit between the metal models in the usual
4 manner, is then placed in position upon the main
4 plate, and both are struck together between the
| die and counter. They are then scraped over
the surfaces to be united, and the borax solution
| sparingly applied; the two are now grasped at
| different points by the wire clamps, which hold
| them securely together during the soldering opera-
| tion. It is best to only partially solder them in the
ﬁrst instance, or ‘‘tack,” as it is called; that is,
| three or four small pieces of solder are melted at
considerable intervals round the joint; the case is
| then examined, and if the edges are closely fitting,
the soldering is at once completed. To do this
| satisfactorily, the solder should be used in narrow
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pieces, and placed along that line of joint only
which stands highest as the case lies upon the
charcoal, as indicated by the arrows, Fig. 43.
Now when the plates are heated and the solder
flows down between them, and appears along
the lower line of joint, we know that it must
have traversed the entire surfaces of the plates
to be joined, and may therefore consider the
union to be complete. When the solder can be
clearly traced in a continuous line round the plates,
the sharp edges may be reduced with the file, and

Fig. 43. Lower Plate and Strengthener, clamped and ready for soldering.

the clamps having been replaced, more solder may

be added for the purpose, if necessary, of flushing

the joints. The flame required for this work is the
broad blue-white flame throughout.

If, however, after “tacking” the plates we find
that the edges are not sufficiently close, they must
be again struck at the anvil, where but little force
is required to complete the fitting. The soldering
is then proceeded with as described. From the
point where the two plates are “ tacked ”” until the
operation is completed they should not be placed
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in the cleaning acid, as it leaves a surface between
the plates unfavourable for soldering; the base
metals which may adhere after striking should
therefore be removed with the scratch -brush.
Striking the plate after the soldering has been
completed has a tendency to “start” the solder;
it should therefore be avoided if possible. In the
after stages of working, if it be necessary to heat
up the plate again as in soldering clasps, pins for
tube teeth, &c., the clamps should be replaced. Some
trouble may be experienced in these after heatings
from the solder of the joined plates melting. This
may be entirely prevented if a strong solution of
borax be liberally applied round the whole joint,
and vitrified by heating up the plates, using the
blue flame to melt the borax. Of course strong
wire clamps must grip the plates while this
is being done. By this means a thin coating of
glass is given to the whole surface of solder, which
is thus thoroughly protected and preserved un-
altered all through the construction of the plate.
The strengthener should, as a rule, be soldered
before attaching the “clasps;” and the solder used
should be higher in quality than that used for
subsequent operations. With 18-carat gold for the
plates and 16-carat (Ash’s band) for the clasps, we
have always used No. 1 solder for the strengthener,
and No. 2 for clasps, &c.

&l



CHAPTER VI.
TAKING THE “BITE” IN WAX AND PLASTER.

IN small partial cases it is usual simply to take an
impression of the opposing teeth; and the operator,
having observed the manner in which the patient
naturally closes the mouth, is able, when the model
of the opposite teeth is made in plaster, to join it
with the other in the correct manner. In most of
these cases there are sufficient indications on the
cusps of the teeth to show how the models should
be joined to represent the natural bite.

With large upper and lower cases, however, a
different method is adopted. Wax is softened and
formed into a block round the ridge of the plate.
It must be of such a height and shape as will take
the impression of the teeth of the opposite jaw
when the mouth is closed in a natural manner. In
the case of an edentulous upper, or of a complete
set of upper and lower, we have no guide on the
model, as with partial pieces, as to the height and
fulness required for the biting blocks. In such
cases the wax must be formed along the ridge of
the plate, according to such indications of the
required height as may in the first instance have

53
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oeen obtained from the mouth itself. And it is
well to leave the blocks somewhat in excess, both
1as to height and fulness, so that upon trying them
in the mouth they can be cut down to what may
be taken as the natural depth of the bite, and may
also be reduced in front to that shape which gives
the best expression to the face. Both these condi-
ions will more readily be obtained by reducing
than by building up the wax. If the precaution
be taken of heating the plate just sufficient to melt
the surface of the wax when placing the blocks,
the latter will remain perfectly fastened during the

Getting the patient to bite correctly is a well-
known difficulty. Dentists of experience say that a
wrong idea is conveyed to the mind of the patient
hen he is told to “bite;” this seems to suggest
that a point to point closure of the teeth is desired.
The expression “close the mouth,” or ‘““bring the
side teeth together,” may therefore induce a more
natural articulation. Again, the patient may be
asked to ‘“swallow,” and that movement almost
ompels a natural closure. Perhaps the most valu-
able suggestion, however, is that which points to
the tactics of the painter who draws the attention
of the sitter away from the object of his visit by
iconversing upon other subjects, in order to obtain
he natural expression he desires. False bites are
o doubt often the result of the patient’s anxiety

over an operation upon which so much seems to

depend.
When the wax blocks for an upper and lower

set have been reduced to the depth and fulness
E 2
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most natural for the case in hand, and when the |
operator is satisfied that he has discovered the
natural bite of the patient, the latter must be
made to keep the mouth closed in that manner
while a line is drawn down the face of the block to
indicate the centre of the mouth, and others are
cut across the joints at opposite points, to serve as
guides for accurately rejoining the blocks in the
work-room.

Casting the Bite.—The simplest method, and one
very often employed, of casting
bites is the following. The plates
(supposing the case to be a com-

models, and the wax blocks
which should be perfectly dry—
are joined exactly in the position
indicated by the cross cuts; and
the parts—models, plates, and
blocks—may then be fixed with
the wax cement. Plaster is now
Fig.ag, Modelwithadded mjxed and shaped on the benc;

to the form of a square slab, and
the ends or backs of the models are imbedded in |
the thick plaster slab. The backs of both models
should be oiled before imbedding them. When
the plaster is hard the models may be withdrawn |
from the slab, and the setting of the teeth at|
once proceeded with. Or the bite may be cast
in this way. The backs of both models are cut!
in rough dove-tail fashion, so as to give a good
hold to added plaster. Then one of the models
is placed flat on the bench, and plaster added to !
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this roughened surface, building it in the shape
. of a flat block to the back of the model. The
- surface of this plaster must receive one or more
grooves (Fig. 44) or cuts, made so as to allow the
| parting of that which is to be filled into them. The
. blocks, plates, and models are united as before, and
| the grooves of the added block having been oiled,
' plaster is mixed rather thick, filled into the grooves,
- and built up (Fig. 45) to the roughened back of the
I'*; other model. When plaster is to be united, as here,

Fig. 45. Model with Bite cast. Fig. 46. Articulating Frame {(Graham
and Wood’s).

' to a roughened surface, that surface should be moist.-
‘ ened in order to effect a secure union.

.~ Another kind of working bite—the best of all—
' is obtained by using an articulating frame. The
' simplest form of this implement acts on a single
joint (Fig. 46); and if this joint be well made,
the simple articulator answers the purpose well.
They are made of brass or gun-metal, and in a
variety of shapes, as may be seen in the cata-
logues. The base or bottom of each model is
roughened, and the parts (biting blocks and
models) fastened in position with cement; plaster
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is then mixed and added to the roughened surfaces
of the models, and the arms or suspenders of the
articulating frame—which have been previously
oiled—are closed upon the added plaster, and
imbedded and covered over by it (Fig. 47). Other
forms of articulators are made with joints which
permit movement in every direction. These are no
doubt useful where a fa/se bite has been obtained
from the patient; for, a correct one having been
afterwards obtained, it is not necessary to recast in
plaster as with a simple
articulator, but by simply
h accommodating the screws
to the new “bite,” thechange
required is at once accom-
plished, the screws being
retightened to preserve the
new articulation.
An articulator of this
description has been intro-
G duced by Mr. Davidson,
Fig. 47. Bite cast to Articulating which seems perfect in every
: way; and it has this advan-
tage, that the suspenders may be imbedded in the
plaster while casting the impression as taken from
the mouth; afterwards, when the bite is obtained, the
joints are accommodated to it, and fixed in position
by means of the screw. Many of the advantages
obtained by working with an articulator are well
explained by Mr. Davidson, but a very important
one may be added, viz. that we are enabled by this
means to see the inside range of the teeth, and we
can thus readily provide a perfect articulation of
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' their grinding surfaces. By the other bites we
- cannot see the inside cusps, and we can only be
assured that the articulation is good as regards
them by a somewhat troublesome process, which
. is therefore often neglected.
Bites for partial cases may be cast by first cut-
' ting a perpendicular groove on the back of the
- model, then filling plaster into the impression of
| the teeth in the wax block, also into the groove on
the model, and joining the plaster as you would
build a bridge. The groove and all parts of the
model likely to be touched by the plaster should
of course be oiled.

In the case of edentulous or nearly edentulous |
uppers or lowers, it is of great advantage to take a E
Jull impression of the opposite jaw; when this is #i
cast and separated, its teeth are closed into the |
impressions made in the biting block, and the bite
cast as described for complete sets. The advan-
tage of having this model of the opposite jaw is
that you are at once provided with a guide as to
| the character and disposition of the teeth required
for the case. In small partial pieces the adjoining
teeth are sufficient guide; but in an edentulous 1
upper, for example, the only guide we can have is
a complete impression of the lower teeth. When
this is before us we can tell by ZZezr length, projec-

' tion, and form what is required for the upper set.

Where there are few opportunities of trying cases |
into the mouth, and where the dentist, having taken
model and bite, leaves the construction of the set
entirely to his assistant, the above system should
be invariably practised.

[ N . |



CHAPTER VIL

SETTING OF MINERAL TEETH ON GOLD PLATES.—
SWIVELS.

Flat Teeth.—Where the teeth of a set or a
partial set are to be fitted entirely upon the plate—
as when supplying front teeth where the gum has
fallen away after the extraction of the roots, or
as with bicuspids and molars, which, not occupying
a conspicuous position in the mouth, are generally
fitted in this manner—the fitting is easily accom-
plished. In most partial cases, however, and in
many complete sets, the teeth are required to fit
the gum ; and to effect this it requires some skill,
for while the front part of the base of the tooth
must fit accurately to the gum, the back part must
fit accurately to the plate. The first point, then, is
that the latter must be cut along its gum border so
as to lie wzZin the line along which the teeth are
to be fitted to the gum. It is usual in such cases
to cut the plate—guided by the eye only—to what
upon comparing the bite with the shape of the
gum seems necessary. Then one of the central
teeth is ground at the lathe (Fig. 48), until the
proper length and position as indicated by bite,
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| &c., is obtained, and so on with the others. DBut it

is impossible in the first instance to cut the plate

by the eye, so as to give it exactly the outline and
. position required. So
. that we find as the fit-
. ting of the teeth pro-
. ceeds it is frequently
. necessary to interrupt
- the work in order to
. accommodate the plate
 piece-meal to the more
. correct outline as indi-
~ cated by the advancing
- tooth. This is a tedious
. method, resulting oc-
. casionally in awkward
 mistakes, frequently in
. rough,imperfectfitting,

and always in loss of
time. The plan we have
adopted and long prac-

tised is the following.
Fit the teeth at first

by themselves to the =&
model without the com- #&
plication of the plate. =
Colour the plaster gum
with rose pink, and fit g o 1athe for grinding Mineral Teeth
the teeth accurately to '

it, to the proper length and position as indicated
by the centre line, bite, &c. This is a very
simple operation, for the plate not being on the
model there is no complication, and the atten-

E3J
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tion is not divided. As each tooth is fitted it is
secured to the model behind with cement. When
all are thus fitted and secured, go round the fitting
edges with a fine needle point, leaving on the
plaster gum a traced line exactly representing the
position of the fitting teeth, also draw straight
lines from between the teeth out upon the model.
Upon removing the teeth and the wax, it will be
at once seen (Fig. 49)that we have unerring guides
for cutting the plate at one operation. It must be
cut so that its gum border shall lie about an eighth
of an inch within the fes-
tooned line. Putting the
plate on the model, the
straight lines drawn from
/@ Dbetween the teeth at once
|l "8 show—however much sur-
|\l plus plate there may be
l"ig.qq.t;-dek with Traced I‘..inns,slnw- —the points where the
;ﬂgttélgnh;?ut;?thud of fitting teeth to dEEP cuts are to be made.
As these are made on the
plate, the traced line on the plaster shows itself,
and by it the complete reduction is accurately
and quickly accomplished. Now matters stand
thus : the teeth are perfectly fitted to the gum over
the front half of their base, and the mind pencils off
that part as not to be touched again by the corun-
dum wheel; all that is required now is to colour
the edge of the plate, and grind carefully from the
back part of the base of the teeth the little that is
necessary to permit them to settle down to their
traced marks on the gum.

The advantages of this method are best observed
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where the clasps form a further complication; also
in those cases of large uppers with irregular gums
where there is an uncertainty as to which teeth
should fit the gum and which the plate. In such
. cases this point can be at once settled satisfactorily
. when they have been fitted as described and the
- effect observed. The teeth may be backed either
before or after their second fitting.

Backing Flat Teeth.—They must first be cleansed
from the wax adhering to them, and their pins
straightened or made parallel to each other. The
. ends of the pins of each tooth are then tipped with
- colour, and a strip of plate is laid steadily against

Fig. 50. Perforating Pliers.

them. The colour marks thus Jeft on the gold
indicate where the holes are to be punched by
means of the pliers represented by Fig. s0. Fig.
51 shows a perforating tool introduced by Dr.
Mallet, by which both holes may be punched at
once, one of the perforators being movable, so that
it can be adapted to any distance from the other
which the positions of the pins of the various teeth
may require. The strip of plate is then placed
upon the tooth, and the outline of the required back
taken ; the latter is then cut, dressed with the file,
and fastened to the tooth. This last may be effected

by riveting the pins or by splitting them.
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Riveting is best done upon a lead block—a
counter for example—and the surface upon which
the face of the tooth is laid must be clean and flat,
or very shghtly concave. The pins are cut to
such a height only above the back as will ensure
a good rivet head. Tight riveting must not be
practised ; there is no necessity for this, since the
solder fixes them to the back, and a tightly riveted
tooth when put through the fire is liable to crack,
owing to the expansion produced by heat. Backs
may also be fastened sufficiently by splitting the

Fig.51. Perforating Pliers (Dr. Mallet's).

platinum pins, and we think this to be the preferable
method. A rivet head may sometimes be run over
by the solder without the latter taking effectual
hold of it, thus leaving the tooth apparently
soldered, but really depending altogether upon the
rivets. This is scarcely possible when the other
plan is adopted. The pins having been cut almost
flush with the back, the holes in which should be
slightly countersunk, are split with a small square
edged tool. The cut must be made across the
middle of each pin, and only to the depth of the
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countersink. A careless split made with a graver
breaks up the platinum and leaves the pins without
strength. The teeth—which are now supposed to
fit accurately in all respects to the plate and gum
—are replaced in position and fastened to the plate
with the cement. The case is now ready for in-
serting into the investing mixture. This 1s made
by combining plaster with either sand, pumice,
or asbestos. Or sometimes plaster forms the
one part, while equal parts of sand and asbestos
form the other. The asbestos serves to bind the
mixture, so that if it be not used one or two
threads of iron binding wire should be formed into
a skeleton frame to be imbedded in the plaster
surrounding the teeth. This may be formed so
that one thread will lie under while the other goes
round the face of the teeth, at about one or two
eighths from their surface. The substances used
are mixed moderately thick with water, and poured
into suitable shape upon paper laid on the bench;
and the plate is imbedded so as to ccver its lower
or palate surface, bringing the material up in front
of and enclosing the cutting points of the teeth.
If the wire be used as a binding frame it must be
imbedded at this stage. It is of importance that
there should be as small a quantity of investing
material about the plate as possible—this is a
point which has a direct bearing upon the warping
of plates—in the case of broad uppers, therefore, the
. palatal surface should be left to a great extent un-
covered by it. In front of and under the teeth the
mixture may be from two to three eighths thick. In
partial cases the investient must be kept at its full
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strength over all spaces which occur between
groups of artificial teeth, otherwise it will crack at
these points and the adjoining teeth will be dis-
placed. In cases, too, where the teeth are fitted to
the plate, which extends more or less beyond their
necks, care must be talken that the investient is left
of full thickness along its border for the same
reason,

The next step, when the plaster has set, is to
clear the wax cement from the backs of the teeth
and joints; after getting the cement away in block
(which is done by applying the small gas jet to the
edge of the plate), boiling water may be used so as
more thoroughly to cleanse the joints.

All parts to be soldered are then scraped, borax
applied, and any joint not perfectly close must be
packed with a small cutting of gold. The solder is
arranged along the joints and over each pin, and
the case is then dried, slowly at first, lest the borax
should swell and displace the solder. The drying
may be completed over the bunsen, and the case at
once heated up by the blowpipe and soldered; but
the usual and perhaps best plan is, after it is dried,
to place the case in the fire (or stove)and heat it up
to a low red before soldering. When the heat of
the plate is brought up by the blowpipe a strong
blue-white flame is used first over the investing
material. When plate and plaster are brought to a
red heat the pointed white flame is made to beat
in the neighbourhood of, rather than on, the solder ;
when the latter begins to give way the flame is
sharply turned upon the solder, and thus the opera-
tion should be satisfactorily accomplished.
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There are cases, however, where special difficul-
ties are met with; such, for example, as have
detached teeth to be soldered, the joints of which
lie in a deep recess, with high clasps on each side.
Here the difficulty is to solder the joint without
- melting the clasp. Sometimes a morsel of plaster
or pumice-stone placed against the clasp will effec-
tually protect it, and direct the flame to the point to
. be soldered. But the best plan is to use a slightly
inferior quality of solder for the most difficult joints
—Ash’s No. 3, for example, the clasps having been
. soldered with No. 2.
| In these cases, also, the investing material and

the main plate should be heated very highly—keep-
ing the flame from the clasps—before turning a very
pointed flame upon the joint.

The case having been soldered is allowed to cool
. gradually before taking it from the investient. It
is said that this gradual and thorough cooling is
. necessary in order that the teeth may be properly
tempered, as with glass, taking them from the
investient while hot, leaving them brittle. The
plate is then placed in the cleaning acid, or “ pickle,”
which if heated will act much quicker in cleaning
the surface of the gold and dissolving the vitrified
borax adhering to it.

Warping of Plates.—When placed upon the
model, the plate which has just been soldered is
found to have more or less altered in fit. It grasps
(if it be a large upper) along its outer edges on both
sides of the model, and it is open along the line of
the palate. The gold, in common with other metals,
expands when heated ; but when that natural ex-
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pansion is not interfered with—as, for instance, in
the earlier stages of construction—no change of fit
occurred in consequence. But when the plate is
enveloped in plaster, free and therefore harmless
expansion is impossible; the metal still expands,
but it does so in an irregular manner—becomes dis-
torted, or warped. The shrinkage of the solder
after setting is spoken of as possibly helping the
warp by drawing the plate; the other, however,
may be taken as the main cause. In our own
experience we have found that the best results are
obtained by limiting the quantity of investing
material about the plate to the smallest dimensions,
consistent with a proper holding of the teeth and
plate together; by this means the warping may
not be got rid of in all cases, but the evil appears
seldomer and is of less extent when this plan is
employed than by any other with which we are
acquainted. It has not been explained how the
copper frames,* or saucers, recommended as a
means of preventing warping, acf for this purpose;
but the idea seems to be that they will in some
way still further bind the plate and prevent its
expansion.

If the theory stated above be correct, it would
appear that the plate is bound too much already,
and that any further binding can only increase the
evil. It is doubtful, however, whether these frames
have any direct influence upon the plate one way
or the other; and the objection to their use arises

* These are strips of copper plate bent into oblong or semi-circles ol

various sizes ; they are filled with the investing material, and the denture
is then imbedded.

- .
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more from the fact that by employing them a
quantity of investing material is made to surround
the plate, quite unnecessary for the purpose of
holding the teeth, and which adds considerably to
the chances of warping.

Finishing.—The finishing of a plate is frequently
made unnecessarily difficult by a careless use of the
file during its construction. The latter should be
used with precision, so that only those points which
must be reduced are touched by it; a few careless
slips of the file leave marks which can only be
effaced by expending much time and labour which
would otherwise have been unnecessary. Again,
the blowpipe should be used so as to leave the
joints of clasps and teeth with a perfectly smooth
and well-shaped surface, requiring neither file nor
graver to be used upon them.

Many dentists disapprove of giving a high polish
to plates, and consider it sufficient if they are well
made and smooth. In such circumstances the
method adopted is to stone the filed edges and go
over the general surface with the polishing stick
and damp pumice, after which they would be con-
sidered finished sufficiently well for inserting in
the mouth.

Where a high polish or “shine” is required to
be given in a short time, the “skin,” always
found upon gold at this stage, must be taken off by
means of the scratch-brush, or by using a carefully
 sharpened graver, to lightly scrape the surface, as

is done in finishing wvulcanite cases. Water of
Ayr stone, cut to different shaped points, must
then be used over the surface, moistening the
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cutting points frequently with water; a quick light
motion of the stone is most effective. Sometimes
pumice-stone, cut into pencils, is used instead of
the Scotch stone, but the latter is generally pre-
ferred. When the file and graver marks have been
effaced by these means, the plate is taken to the
polishing lathe so that the marks of the stone
in turn may be effaced. For this purpose the cir-
cular hair-brush is charged with ground pumice
moistened with water, oil, or molasses; the two
last keep the abrading material to its work more
effectually than the water. While it i1s being
polished at the wheel the plate should be kept in
constant motion, and where there are clasps these
should be protected by the fingers closing over
them, otherwise they are liable to be cut and dis-
figured by the wheel. After the pumice has done
its work the plate must be thoroughly washed ; the
polishing is then completed on the rouge-wheel,
which is at first used damp, the polishing material,
well mixed with water, being added to the plate
and brush ; the latter is at last used dry, and revolv-
ing at a higher speed.

For those parts of the plate which the wheel
cannot reach, pieces of soft wood charged with the
polishing materials may be used. Some dentists
do not use the scratch-brush or graver to take the
“skin” off the gold; but in that case one must
either be content with an inferior polish or much
additional time must be given to the stoning
process.

Tube Teeth attached to Gold Plates.—In those
cases where the teeth are required to fit the |
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gum, or as in upper sets where some are to fit
the gum and some the plate, the same method
should, to a certain extent, be adopted as that
which has been described in connection with flat
teeth. There are two points, however, which should
be remembered. The tube teeth when fitted, in the
first instance without the plate, to the model and
bite, should be left sufficiently long to allow for
fine fitting when the pins are soldered. And
again, the gum border of the plate must be reduced
with relation to the position which the “pins”
must occupy, as well as to the traced line on the
model. For instance, the tubes of many incisors
(Ash’s always) are quite close to the front border
of the tooth where it fits the gum, so that unless the
plate is left as ‘““full” as the traced line itself, the
pin could not be inserted in its true position. In such
cases, after having rough fitted the incisors to the
model alone, it is generally advisable to cement
~ them to the plate and take the position of the pins,
leaving the operation of cutting the gum border of
- the plate until the pins are soldered, when it can
be done readily and without risk.

The plate having been replaced on the model,
the teeth—the tubes of which must be cleansed of
the débris of platinum and mineral left by the
. corundum wheel—are cemented to it in accurate
position, and the places for the pins ascertained by
. passing a wire, tipped with rose-pink or vermilion,
. down each tube; this leaves colour marks on the
plate which indicate exactly where the holes must
' be made for the insertion of the pins. The wire

used for marking should be carefully made and
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preserved for this special purpose. It may be made
of iron or steel wire, and should fit the tube easily,
but not loosely, and the marking end should be
filed or ground to a centre poznf. A flat-ended wire
is sometimes used, but a moment’s consideration
shows that it must almost invariably be misleading.
For when it is passed down the tube the plate with
which it comes in contact being, not a plane, but
a more or less irregular surface, part only of the
marker touches the plate, and that not the central
part. Butitistaken asthe centre, and consequently
the teeth will be set out of position.

The teeth having been carefully removed from
the plate, the next step is drilling the holes. First
a slight countersink is made at the centre of each
colour-mark by a suitable edge tool; this gives a
catch to the drill, which is then made to pierce each
hole in succession.™ This will be best accomplished
by keeping the plate on the model, and the drill
must act in the line required for the position of the
tooth. The one used is generally smaller than pin
size, so that the broach, while widening the hole to
the required size, may at the same time correct
any error in direction or angle which may have
been given by the drill. The rough edge left on
the plate by the drill and broach must then be
taken away, and the pins—the ends of which have
been cleaned by the touch of a file or graver—are

* Perforating pliers should never be used for this work. They dend
#he plate, and the position for the pins cannot be obtained with the
same accuracy as with the drill. The superiority of the latter indeed

requires no demonstration, and the old objectionable practice of using
perforators for this work is now rarely heard of.

_——
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inserted by the aid of pliers. They must not
be wedged too tight or the solder will not run
through, but just tight enough to retain the position
they are placed in, during the soldering process.
The joints are then treated with borax solution and
soldered. The solder is generally applied on the
upper or lingual side of the plate, but in some
cases (between clasps for example, or in deep
hollows) it is more convenient to solder from the
inside of the plate. Very small pieces of solder
must be used for this work ; the broad blue-white
flame is used to heat up with, and if the plate be
well heated in this manner the solder will flow

Fig. s2. Cutting Pliers.

perfectly ; the charcoal support should be moved in
such a manner that the flame shall act on all parts
of the surface, and also partly underneath the
plate, so as to draw the solder through. After sol-
dering, the ends of the pins on the inside must be
reduced to the level of the plate; this is done with
small beaked cutting pliers (Fig. 52) and gravers;
and sometimes the pins are then flushed on the
inside surface by a second soldering, but this is
unnecessary if the solder has been drawn through
—as it ought to be in all cases—from the one side
of the plate to the other.

Another method of drilling the holes for the pins
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may be mentioned, which does away with the
necessity of marking, and by which the drill must
take the direction required by the tooth. The
teeth, having been cemented to the plate, are then
surrounded with plaster in sufficient quantity, and
formed round teeth and plate in such a manner, as
to retain them fixed in position while the drill
itself passes along each tube, and at once pierces
the plate. The drill used for this work must be
carefully pointed, and must be easy in the tube
without being loose.

The method first explained will, if properly
worked, give perfectly accurate results, and is to
be preferred to the other, in our opinion, as having
fewer risks. Where there are a number of teeth,
it will be found a good plan to solder one or, per-
haps, two pins, and get them accurately in posi-
tion; these then furnish a guide for inserting all
the others in the one operation. We next proceed,
after they have been soldered and ascertained to
be perfectly placed, to fit the pins accurately to the
bite. The plate is placed upon the model, and the
pins are cut and filed as the bite touches until the
latter is quite home and the articulation exact.

This plan not only allows us to get af once done
with the pin-cutting, but it affords us a certain
guide for the fitting of the teeth, to which our
attention is now wholly directed.

The incisors (supposing the case to be a com-
plete upper) must of course be fitted not only
according to bite and gum, but their length, or the
extent to which they should close ozer the lower
incisors must depend also upon whether the patient
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shows the teeth much or little. The bicuspids
and molars,* on the other hand, depend altogether
upon the bite and plate; and as we know that the
pins are cut exactly to the required articulation,
we may go on with the fitting of these teeth with-
out consulting bite or model until the pins appear
at the tops of the tubes. It is often best, how-
ever, to contrive that the teeth shall closely fit
the plate—fine fit as it is called—before the pin
quite reaches the top of the tube. Then the teeth of
the dz/e are coloured with pigment, and the artificial
crowns ground to a perfect articulation with them.

Swivels.—As a means of retaining sets of teeth
in position, swivels and spiral springs are now
seldom employed; nevertheless, 1t will be well
here to explain the method by which they are
usually attached. They are generally fixed to the
plate after the pins have been soldered and the
teeth fitted. The positions which the swivels must
occupy depend altogether upon the positions of the
teeth ; they must be soldered to the plate so that
the spiral springs, which are afterwards attached
to them, shall act in a line parallel with the faces
of the molars and bicuspids, and as a rule close to
these surfaces. Otherwise the position chosen for
the swivels should be that which will best balance
the set. Between the bicuspids is, perhaps, the
average place given to the upper ones, and the
lower are placed exactly below the upper, or zery

# These teeth are usually only fitted in the first instance sufficiently
lo sit steady on the plate while the positions for the pins are being
marked ; the bulk of the fitting therefore takes place after the pins are

goldered.
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sitghtly forward. TFour pieces of plate must be cut
—about one-eighth square, or a little over—a
hole is punched through the centre of each, and
made of such a size that the swivel-bolt will go
tightly through it. These are the ¢ cheeks,” or
standards, which must be soldered to the plate,
and against which the swivels are to work. The
standard is placed in that position on the plate,
and against the teeth, which the swivel must
occupy, and its lower edge is filed if necessary to
fit the irregularities of the plate ; marks are then
made upon the latter with a
sharp point, so as to take the
exact position of the standard,
so that when the teeth are re-
moved it may be replaced ac-
curately upon the plate and
soldered. The teeth are then
taken off, and a cut made with
file or graver point along the
S ard Phind. ey ™ith line where the standard is to

Soigeeiad, be fixed; this gives a catch
which prevents the latter from slipping while tying
it for soldering. A thread of binding wire is then
passed throughthe hole in the standard, which is then
placed in position and bound down tightly with the
wire. This should leave it lying flat upon the main
plate; and now by raising it gently to its proper
position the strand of wire will tighten and fix it
sufficiently for soldering (Fig. 53). For this of course
the joints should have been prepared in the usual
way, and the flame and other directions given for
soldering the pins will be suitable for this work.

— —i | mm -




SWIVELS. 97

1t is a good blan to “tack” the standard first with
one small piece of solder; then the teeth should be
tried on to test its accuracy of position, which can
be easily corrected if found slightly false in angle.
The soldering is then completed, using a thread of
wire as before ; and a very small piece of pumice-
stone or coke will be found most useful if placed
at the back of the standard, for binding against
and preventing it from falling back upon the plate
during the soldering. Now the swivel and bolt
are to be passed through the hole, and the bolt
soldered at the joint at the back of the standard ;
but if that was done without tur-
ther preparation, the solder would
most likely pass through from one
side of the joint to the other, and
“fix” the swivel. To prevent this
it is not sufficient to work in whit-
ing from the circumference of the Fig: 54 Swivels with
swivel after it has been inserted in

the standard. Before inserting it, whiting made into
a thin paste with water must be carefully coated over
the surface of the swivel and joint which is to come
into contact with the standard; these parts may
then be inserted, and the joint at the back of the
standard should be scraped and touched very slightly
with the solution of borax. Fig. 54 represents a
swivel with bolt of full length ; also one with bolt
cut, for insertion into standard; the third cut re-
presents the swivel without bolt. The solder hav-
ing been placed, the plate should be well heated up,
and a pointed blue-white flame used to reduce the
solder. Such is the method which will be found

5
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most suitable for the majority of cases; there are
others, however, where different treatment is neces-
sary, as, for instance, where the hole for the swivel-
bolt must be pierced through the main plate; but
the points already noticed indicate generally the
essential considerations.
Fastening Tube-teeth to the Plate.—The plate
having been “pickled ” and “stoned,” is then ready
to have the tube-teeth fixed upon it. To accomplish
this properly the tubes must be made thoroughly
clean, and the pins on the plate should be scraped
and “barbed,” or roughened slightly with a graver
edge. The teeth are then put on, and the plate,
being held in the pliers, is heated carefully over the
bunsen flame; sulphur (in powder) is then placed
at the top of each pin, and if the plate has been pro-
perly heated the sulphur will melt and flow down
the tube and pin; the case is then allowed to cool,
and the teeth will be found thoroughly secured.
Another method, and one it is well to adopt in
certain cases, is to heat the plate over the bunsen
flame before putting on the teeth, and give each
pin a coating of sulphur; the teeth are then heated
one after the other over the flame to such a degree,
that when placed upon the pins their own heat
will melt the sulphur, as they are passed over the
pins. This requires a little more time than the
other method, but it is very certain in its results.
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suitable length, and bend it to fit across the floor
of the palate, with its ends extending up and over
the alveolar ridge, at the point to be occupied by
the first or second molar. The wire is next heated
over the bunsen and sunk in position upon the
gutta-percha, which being softened along the whole
line by the heat thus imparted to it, can be at once
closed over the wire with the finger. The plates
prepared in this manner will be found perfectly
rigid in the line along which the force in biting is
exerted. The wax biting-blocks are mounted
upon the gutta-percha plates, and the bite is taken,
and cast in plaster in the manner already described
in connection with gold work. |

When the plaster bite has been “taken off,” the
gutta-percha plates are then removed from the
models, which must now have wax plates made
for them, and upon these the teeth are set. In
softening the modelling wax for this purpose care
should be taken not to melt its surface, and in closing
it to the model very slight pressure should be em-
ployed ; otherwise the uniform thickness which we
desire to reproduce in vulcanite will be destroyed.
When adding wax for supporting the teeth to a
higher level than the plate itself would give, or
afterwards when modelling up the piece to the
desired outline, it is much better to use softened
strips of wax, where the additions are required,
than to drop melted wax upon the plate until
the height and shape is obtained. By the latter
method not only is time lost, but too often a clumsy
ill-made piece is the result. By the former we can
at once attach to the plate a skeleton frame of soft
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wax in which the teeth may one after the other be
placed to the required height and fulness, dropping
wax behind each as its true position is obtained.
This will also be found to be the best means of
obtaining a skapely piece.

Before setting the teeth their pins must be bent in
such a manner as will best keep them firmly fixed in
the vulcanite; and the pliers used should have such
surfaces as will rowghen the pins while bending
them. I'or the more effectual holding of the pins,
instead of bending them, cross wires of platina are
sometimes soldered to their extremities; but this
practice need only be adopted in very exceptional
cases. The pins, of the length and strength which
is usual among the teeth of the present day, are
well fixed in the vulcanite by bending as de-
scribed, and having the surfaces clean while pack-
ing. In the case of a complete upper and lower,
the lower teeth are first mounted accurately in
position, using the wax-block on the upper model
as guide. This block has been cut when taking
the bite to the exact fulness required for the case,
and if the lower teeth are set so that their points
will come slightly within the face of the upper
block they must be correct. When they are
fastened in position, and the wax 1s modelled
up to the required form, the upper teeth are then
set to the lowers. The centre line must be care-
fully worked to, and the points of the upper incisors
must be made to close over the lowers, while the
bicuspids and molars should be made to fit well to
each other, grinding their crowns if necessary. It
is most important that there should be a good
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articulation ; where the bicuspids can be got to
“lock,” or close defween the opposite crowns, this
may readily be obtained; but where the cusps close
perpendicularly upon each other, considerable
grinding of the sutfaces will be required. “Lock-
ing ” may often be obtained by a slight spacing of
the incisors which may allow the cusps of one set
to close between the cusps of the other.
Swivels.—If swivels are required for a vulcanite
set, they may be inserted either after the case is
vulcanized and finished, by drilling through the
vulcanite, or they may be inserted at this stage,
viz. when the teeth have been arranged and the
wax modelled into the required form. If the latter
plan be adopted, the “bolt” of the swivel need not
be left over a quarter of an inch long, and it
should be barbed with a graver;* and when it is
inserted into the wax it should not be heated but
pressed in cold, otherwise some trouble may be
experienced from the loosening of the swivel in the
wax. DBy adopting this method, springs may be
attached to the swivels for trying the case in the
mouth if care be exercised. This plan of trying in
a set with springs attached is regularly practised
by some dentists, whether the case be ultimately
intended to have springs or to be without. A
special set of swivels is made and reserved for
this purpose; their “bolts” are fixed into square

* The bolts are sometimes crushed between the jaws of the ¢ vise,”
but this is a plan which cannot be recommended. A slightly barbed
bolt holds perfectly in the vulcanite, and should it be necessary after-

wards to extract it from the lalter, that can be readily accomplished ;
not so if the other method of roughening be adopted.
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pieces of wood or gutta-percha, which gives them
a good hold in the wax. They may be inserted
in the batzng-block after it is pared to shape, and
thus an additional help be secured towards obtain-
ing a correct bite.

Firing Models.—Upon these the cases are
“flasked,” packed, and vulcanized. The first or
original model may be used for this purpose, or a
second one taken from the original may be em-
ployed. The usual, and perhaps the best, practice
is to use the original for firing upon for all eden-
tulous cases; but for most partial cases the other
method is adopted, the
original model being re-
tained for use after the
piece has been vulcan-
ized. The firing models
must in all cases be made
shallow; and where the
artificial teeth are fg;gg} the Fig. 55. Set of Teeth on Firing Model,
case and model should be :
tried in the flask before mixing the plaster, to
make certain that the points of the teeth are ranged
well below the border of the upper half of the flask.
The cases are cemented to the firing models by a
hot knife used round the plaster and wax border.

Should a “chamber” be required for a suction
upper, the “shape "—which may be made of lead,
&c., the thickness of modelling wax—is cemented
to the upper (lingual) surface of the wax plate; but
after separating the flask, and before packing, it
must be fastened in position on the palate of the

model.
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Flasks.—These may be had in a great variety of
patterns, but they may be generally described as
consisting of two kinds—first, those which are made
in two main parts or chambers ; and second, those
made in three main parts; in both, a lid, which may
be considered the third and fourth parts respectively,
completes the flask. I’ig. 56 shows a flask of the

1

{

i

Figs. 56, 57, 58, and 50. Vulcanizing Flasks.

first description, the parts being fastened together
by aclamp. Fig. 57 shows a flask of the same kind
made by Whitney, in which the parts are secured
by three screws. Another method of fastening is
to use a simple stirrup or narrow metal band,
:which is tightened upon the flask by inserting an
iron wedge. In Fig. 58 we have one of a very
useful description largely employed by dentists.
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Fig. 59 represents one made according to the
second principle, having three parts and lid; this
flask was introduced by Messrs. Bell and Turner.
The first kind (those having two parts) are used
where the model and teeth are to be held in dif-
ferent chambers of the flask, the vulcanite being
packed in the upper chamber (containing the
teeth), which is then closed upon the lower which
contains the model. The second kind are used

Fig. 6o. Upper Set imbedded in lower part of Flask.

where teeth and model are to be held together in
the same chamber, the vulcanite being packed in
such cases directly upon the model. Both flasks
are required in the work-room, for though it is
certain that the best results are obtained in nearly
all cases by using the latter description, the others
may occasionally be used with advantage for new
work, and they are the most convenient for »epairs.

The two-part flask is worked in the following
manner. The bottom chamber is two -thirds
|

| 14"' 3
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filled with thickly mixed plaster, and the firing
model is at once sunk in it, the plaster being
brought up to the edge of the wax, from which it
slopes down to the border of the flask, which must
be left clear, so that the upper part will close per-
fectly upon the metal of the lower. The plaster
surface must be made smooth and well oiled or
soaped, the teeth being left untouched. The filling
of the second chamber requires great care, so as to
avoid the “blows,” or air cavities, which may form
about the teeth, and may be the cause of their
changing position. Sufficient plaster having been
mixed to fill the flask, some of it is taken up on a
tooth-brush and rubbed thoroughly over all parts
of the teeth and gums, when a thicker coating may
then be quickly applied; the second part of the flask
is next put on, and the chamber is completely filled
with plaster, and the lid pressed down into position.
This manner of filling a flask will effectually pre-
vent the faults referred to, but some quickness of
action is necessary, so as to finish the work before
the plaster becomes too thick. When the latter is
set, the flask should be slightly warmed, and the
parts separated by prising at opposite parts of the
joint. DBefore removing the wax, its form and out-
lines should be noted, as the recollection will assist
the manipulator when afterwards disposing the
vulcanite in packing. DBoiling water is used to
remove the wax which may not be readily taken
away with a knite. Grooves may now be cut in
the plaster with a graver, from the borders of the
flask up to the model. These “ gates” are pro-
vided so that any excess of vulcanite shall readily

,I




PREPARING FOR PACKING. 107

escape, and not interfere with the closing of the
flask after the packing has been completed. It
will be found, however, much more satisfactory to
take some trouble to ensure that only the proper
quantity of vulcanite be packed into the mould.
With the most complete supply of “ gates,” if there
is much excess of rubber the case will be a failure,
and with careful packing the “gates” are scarcely
required. The flask must be heated before com-
mencing to pack; this may be done by steam or
by dry heat. If the former is employed, the flask
should not be allowed to lie surrounded by the
water, but should be raised, so that only the steam
will act upon it. But whichever plan be adopted,
the heating should be carefully attended to, and
whenever the flask reaches the point beyond that
which can be well borne by the hand, the packing
should be proceeded with. Owverkeating, either
by steam or dry heat, complelely destroys the
plaster, so that when the least pressure is em-
ployed it gives way, and the success of the case
is endangered.

Preparing the Vulcanite. —First, as has been
already stated, it is most important to pack the
case with yusf the quantity of vulcanite required.
This quantity may be found by weighing the wax
—which must be taken from the mould in a very
complete manner ; then by knowing the respective
speciﬁc gravities of wax and the vulcanite used,
we are enabled to find the quantity of vulcanite
required to fill up the space before occupied by the
wax. For example, the specific gravity of wax is
0'96; and Professor Austen states the specific
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* gravity of American red rubber as 1°572. Hence
to fill the mould when pure wax is used for a

Fig. 61. Glass for ascertaining the amount of Vulcanite required for any case.

model plate, it will require to 1 part of wax by
werght 1°6 of the red rubber.
This plan is not, for obvious reasons, a very
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convenient one to adopt. A readier method is to
obtain at once bulk of vulcanite for bulk of wax.
This is done in the following manner. A suitable
glass vessel (Fig. 61)is filled to a certain point with
water; the wax is then immersed, when the water
of course rises to a higher level ; this higher point
must be marked; the wax is then taken out, and
vulcanite is put into the tumbler until the water
again reaches the higher level. It will be found
much more satisfactory to take this measurement
before the case is secured to the firing model.
Then it represents exactly the bulk desired plus

Fig. 62. Heater for Vulcanite.

the bulk of the artificial teeth; and this surplus is
required so as to allow for the consolidation of the
vulcanite in the “press.” For the above purpose
a graduated glass is most convenient, but a com-
mon tumbler and colour marks may be used.

The vulcanite is then cut into pieces most suit-
able in size for the case in hand. Narrow strips
must be provided for packing round the pins of the
teeth, and the pieces increase in size as the work
proceeds, large squares being used for the broad
palate of an upper. The most convenient heater
for the vulcanite is a tinned iron or zinc box about
an inch deep, containing water, and fixed so that




110 MECHANICAIL DENTISTRY.

the flame of a bunsen may be applied below to
maintain the heat.

Packing.—The upper part of the flask, or coun-
ter, as it may be called, in which the packing is
done, should be well wrapped round with a towel
before commencing operations ; this will in great
measure preserve the heat. The narrow strips of
the “base” rubber are first packed below and
round the platina pins; then the smaller pieces
of gum are packed between the teeth, and the
larger used to complete the “facing.” The surface
left upon the gum rubber should be continuous or
solid ; if joints are left over the surface, such as
those made by pieces imperfectly packed together,
the red rubber will come between, and probably
appear through the facing of gum when the case
is finished. The packing of the “base rubber” is
now proceeded with in the deep parts of the mould
at the back of the teeth, and from this point the
work may be done more rapidly; over the palate
of a suction upper the large squares of vulcanite
are simply placed in position, the pressure after-
wards employed being sufficient to consolidate the
parts.

Packing will be found a simple enough process
if it is commenced with a sufficiently hot mould,
and if the operation is finished before the latter
becomes cold.

To ascertain the condition of the work after
closing, a piece of damped cloth* of sufficient size
is placed over the vulcanite after packing; the
parts are then put together and the flask placed in

* That found between the sheets of vulcanite is very suitable.
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the press or vice, where it is closed by a gradual and
equal application of the force. It is then separated
carefully and the cloth removed ; any difficulty in
regard to the latter may be readily overcome by
thoroughly damping the adhering parts. Should
there be a deficiency of vulcanite, additions must
be made to the defective parts; should there be an
excess, that 1s removed by using a hot knife. When
the faults have been corrected the flask is perfectly
closed in the press; it is
then fastened by its clamp
and vulcanized.

The second kind of flask
—that having three parts
—is generally used for
those cases in which the
model and teeth are en-
closed in the one chamber
and held together by the
one plaster. The first
and second parts of such a
flask when put together .
should form a chamber 5 ° Zherpackng ¥ Reks
large enough to receive
any firing model with the denture attached, and
the superior border of the metal should be higher
than the points of the artificial teeth. This chamber
having been more or less filled with plaster,* the
firing model and denture (the teeth of the latter
having been brushed and coated with plaster) are

* The quantity of course depends upon the dimensions of the case to
be imbedded, but it is belter to mix an excess of plaster rather than a

deficiency.
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imbedded in it, so that the points of the artificial
teeth shall lie slightly below the metal border; as
the case is pressed down into this position the
plaster rises up over the teeth, the crowns of which
should also be covered with it. Thus the only part
of the case left exposed is the lingual surface of the
wax plate. The plaster must have a surface favour-
able for parting ; and when it is set and thoroughly
oiled or soaped, the third part of the flask is put on
and filled with plaster, and the lid pressed into
position. The “two-part flask ™
might be used for working upon
this plan, but its lower chamber
is so shallow that the teeth
stand high above its border,
i and the plaster, which must
& | therefore be brought up over
= their faces and points, is un-
supported by metal, and very
subject to break in a serious
Fig. 65, Three-part Flask. manner both in packing and
closing the flask. If this flask
be employed, however, its order of parts should be
reversed; make the lid and upper part together the
bottom chamber, into which, it being filled with
plaster, the case is imbedded; the bottom part
may then be used as the new upper chamber and
lid in one.

For many years we have used one somewhat
similar to the “Bell and Turner” three-part flask,
and find it most convenient for this kind of work.
The accompanying figures explain themselves. In
Fig. 65 we see the chamber (1, 2), with the protect-
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ing flange round the superior border of the arch—
in which the case is imbedded. It is rather smaller
in size, and wants the details of fixing pins and
diaphragm and “ bottom ribs” of that flask, and

Fig. 65. Three-part Flask.

the arch of the superior border of the second part
is formed into a narrow flange, which gives addi-
tional strength to the plaster covering the teeth,
the points of which when the case is imbedded are
ranged under it. Iig. 66 gives
a view in section of this flask
with a case of teeth in position.

The “Contour flask” we have
used, but found the arrange-
ment for packing and pressing
from behind a very inconvenient

A 5 Fig 66. Three-part Flask
one; it is, however, very highly in section,

spoken of by several dentists.

The details already given in connection with the
packing process sufficiently indicate the essential
points to be observed in all cases. In the present



114 MECHANICAL DENTISTRY.

instance the packing is of course done in that part
of the flask containing the model and teeth, com-
mencing with the pink or facing rubber which is
carefully packed between the teeth and otherwise
as the case requires; the packing of the base
rubber is then proceeded with and continued as far
over the model and palate as the finished case is
designed to reach; the damp cloth is then placed
over the vulcanite, and the closing of the flask pro-
ceeded with in the manner already explained.

This last method of working is in every respect
superior to the other. In the great majority of
cases a perfect closure of a flask is not obtained,
and therefore a thickening, or “rising,” over the
whole surface involved in the closing of the parts
is the result. With the two-part flask, as the teeth
and vulcanite are closed together upon the model,
the teeth are of course involved to the same extent as
the rest of the case in any thickening which occurs.
This change is most noticeable in partial pieces, or
in others in which the teeth were closely fitted to
the gum ; in these the new thickness of vulcanite
below the teeth is plainly seen, and the latter stand
much higher than they ought to do both for bite
and appearance. In such cases, where the piece is
“raised,” as it is called, the fault can only be cor-
rected by the unsatisfactory and tedious plan of
fitting it down on the plaster model, or by grinding
from the points of the teeth themselves.

But by adopting the second method of flasking,
the teeth are fixed to the model throughout the
whole process of packing and closing; their relation
to it, therefore, remains constant and unchanged,
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and any thickening which may occur can only
affect the vulcanite dekind the teeth and extending
over the palate; this is a change of little conse-
quence, and the thickness can readily be reduced
by using the file or graver on the lingual surface
of the vulcanite plate, We should, therefore, adopt
this plan as a rule on all occasions. There are
some exceptional cases where the two-part flask is
the better one to use—these are mostly lower sets—
but those who have become accustomed to pack on
the model will make an effort to do so even in
these more unfavourable cases. There are certain
sets, for example, where the artificial teeth are set
almost if not quite on the plaster gum, and in
front of these and over the face of the alveolar
ridge it is necessary to pack a considerable amount
of vulcanite. In such cases it is best, when casting
the lower section of flask, to bring the plaster up
to the tips of the teeth only—Ileaving the crowns
free. That permits of the teeth being readily
removed when the flask is opened and cleared of
wax. The packing of the gum is then easily
accomplished, the teeth replaced, and the packing
proceeded with in the usual manner.

The three-part flask can be used in another way
to overcome peculiar difficulties. Plaster is filled
into its first or bottom part only, and the model
imbedded as described in connection with the firs¢
process, the plaster being brought up more or less
over the facing wax, but leaving the teeth free; its
surface is then smoothed and oiled, and the second
part of the flask being put on, plaster is filled round
and over the teeth, as described for the sccond pro-
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cess, leaving the lingual surface of the wax plate ‘
clear. This plaster surface is in its turn oiled, and
the third part having been put on, the flask is filled
with plaster and the lid pressed down. Thus it can t
~ be separated at both joints, and the case packed at
© all parts. This mode of working, however, is not
without difficulties of its own, on which account- it
is avoided as much as possible. q
Partial Cases in Vulcanite.—If the artificial teeth
are required to fit the gum, the same practice may '-
be adopted as with plates; having fitted and +
arranged the teeth on the model, the modelling wax
is then softened and pressed to the latter, bringing
it up to join that which fastens the teeth, and fusing
the joint with a hot knife. If it is necessary to
remove the case from the model, the removal should
not be attempted until the wax 1s quite set.
Clasps.—These may be made from “band gold,”
and fitted to the teeth in the same manner as that
described in connection with plate work. The
same care must also be taken to allow them to have
ample freedom of action along the holding surfaces
of the natural teeth ; let them also be as high round
the walls of thelatter as possible. Broad, thin, and
freely acting clasps are the most satisfactory of all.
The catches soldered to hold them in the vulcanite
must be attached so as not to prevent the required
elasticity, and at the same time so placed that they
shall be well imbedded in a sufficiently strong part
of the vulcanite. For example, the double bicuspid ‘
clasp, acting on both sides of the tooth, should
have its catch soldered only over a small part of
the back of the clasp for the first reason, and as

|




PARTIAL VULCANITE CASES. 117

near the gum border as possible for the second.
They should be made of stouter plate than that from
which the clasp is made, and should be soldered
strongly to the latter. The most convenient and
generally useful catch is a small piece of plate
somewhat triangular in form, soldered so that its
base shall lie near the gum and its apex towards
the superior border of the clasp. This gives a most
effective hold, and from the shape there is little risk
of its becoming exposed while * finishing” the piece.

Clasps may also be made of vulcanite, in which
case it is of course necessary to mould wax round
the teeth, so as to represent in all respects the
clasp required. The holding surfaces of the teeth
to be covered should be slzg/tly pared in the firing
model, so that when the case is finished the clasps
shall grasp the natural teeth. This kind of clasp
is seldom used except for large crowned molars.
When these teeth stand isolated, the vulcanite can
be made to encircle them in the shape of a broad
ring, and this is frequently the most effective
manner in which a case can be supported in the
mouth. The ring should be as broad as the shape
. of the tooth will allow. In other cases, where the
ring cannot be used, the vulcanite clasp should be
made to come well round the face of the tooth ; it
should be made also of the strongest rubber; and
a considerable space must be provided between the
artificial tooth and the plaster one where a vul-
canite clasp is required to come between, otherwise
the latter will be in great danger of breaking at
that point. When a case of this kind is flasked, if
the artificial teeth are covered over as in the second
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method of flasking, the plaster must be cleared
from the crowns of those plaster teeth which are
clasped, so as to expose the superior border of the
wax which covers their faces. This is necessary
in order that the rubber may be properly packed
at those parts. Of course this is done before the
upper part of the flask is filled.

Vulcanizers and Vulcaniz-
ing.—“It is scarcely to be
believed,” says Professor

- Austen, “as we look upon the
small copper chambers stand-
ing upon the bench in which
vulcanizing at present takes
place, that the first vulcanizer
introduced by Mr. Putnam
weighed 1,200 pounds, and
required the constant care of
an engineer. This was dis-
carded for one of 350 pounds,
which in its turn made way
for one of 100 pounds, and
thiswas considered the highest

P60 Walcanidar improvement of cast-iron vul-

canizers.”

Those of the present day stand upon the bench,
and are only some 12 or 15 inches high over all, and
5 inches diameter ; the chamber itself is generally
made of copper. The one of most convenient con-
struction, according to our experience, is secured or
closed by means of one large centre screw which acts
upon a dome-shaped lid (Fig. 67). There is no valve,
but a fusible metal plug inserted in the lid provides
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against all danger of the bursting of the vulcanizer,
by melting at from 345° to g50° B, ; by standing
besidethe vulcanizer for three minutes when the heat
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Figs. 68, 69, and 70. Hayes's Vulcanizers.

' has reached 310° F., and giving strict attention to
the rise and fall of the mercury, the stopcock may
be so accurately arranged that the mercury will not
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vary more than one degree during the whole time
allowed for vulcanizing. ;

Figs. 68, 69, and 70 represent the “iron-clad ” vul-
canizer introduced by Dr. Hayes for one, two, and
three flasks respectively. The boiler itself is made
of copper, and it is surrounded by a jacket or
sheath of iron; the copper alone, therefore, is sub-
jected to the corroding influences acting within the
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Iigs. 71 and 72. Whitney's Vuleanizers.

chamber, and should an explosion take place as a
result of the thinning of the copper, the iron sheath
which has not suffered deterioration remains of a
strength sufficient to resist marry times the force
exerted by that explosion.

T'he Whitney vulcanizer having space for from one
to three flasks (Figs. 71 and 72) is made of wrought
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copper, and the lid, which is screwed on, is pro-
vided with a fusible metal plug as a security
against explosion.

Thermometers.—Great care must be observed
with regard to these, since the least defect in the tube
may cause a serious mishap. Indeed so liable are

a8 FnEs‘UﬂE 41
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Fig. 73.

thermometers to become deranged, and so readily
may their defects pass unobserved, that a constantly
increasing number of dentists are now having their
vulcanizers fitted with a stéam-gauge in preference
to using a thermometer. Since the publication of
the first edition of this work gauges of an improved
description have been introduced with special
regard to the requirements of the dentist. The
G
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best of these for dental purposes we believe to be
Gartrell’s Combined Gauge and Gas Regulator
which is here (Figs. 73 and 73A) represented.
Fig. 73 gives a front view, Fig. 73A a side view of
the gauge. The advantage of this gauge is, that
having set the regulator hand to the point at
which you wish to vulcanize and the gas being
lighted, the only attention which the wvulcanizer
requires from the operator is to note the time when
the gauge hand reaches the regulator hand. No
adjusting of the gas is required, and no further
attention, as this machine automatically regulates
the gas, and maintains the heat without variation
at the vulcanizing point for any length of time.
The finger o (I'ig. 73) is set to the pressure desired
to work at by turning round the gas chamber K
(Fig. 734).

Vulcanizing.—This is a process which demands
the most careful attention. The principal point in
connection with it, and one which should be
thoroughly realised, is, that short time and high
heat is ruinous to the best properties of the vulcan-
ite in all cases and the cause of complete failure in
many. A disregard of this fact will result in vulcan-
ite pieces which are neither strong nor elastic, and
therefore requiring strengthening plates or wires,
which are not required in carefully fired vulcanite
pieces. Professor Wildman says, “To insure suc-
cess and produce the best results in hardening any
kind of rubber, the heat should be gradually raised
to the vulcanizing point—not higher than 320° F.
—Dbecause the best rubber may be rendered worth-
less by the quick process and vulcanizing at a high
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range of temperature.” Dr. Franklin says, ¢ If one
hour is taken to raise slowly to 300° and another
full hour to raise steadily and gradually to 320°
five minutes longer will complete the vulcanizing.”
This is not a “time” which it would be proper to
give in all cases, but it indicates the condition
considered by the writer as essential to success.
“ As thermometers,” says Professor Austen, ¢ vary
much, and the rubber used also varies, the best plan
is for every one to vulcanize trial pieces until the
required hardness, toughness, and elasticity is ob-
tained. The wvulcanite should curl under the
scraper like horn, permit bending to an angle of at
- least 45° and return to s original shape unchanged.”
Such are the opinions of careful and competent
experimenters upon what is required in order to
produce the best results in vulcanite work; and
the same conclusions must have been forced upon
every one who has reflected upon what has hap-
pened within his own experience.

The time allowed for vulcanizing must also be
proportional to the thickness of the piece and the
purity of the rubber. A thick lower made of any
of the brown or black rubbers requires the longest
time of all. TFor some of these from one to two
hours should be allowed to raise the temperature
from 240° to 315° otherwise such thick cases will
be porous or burnt. The same pieces made ot
gum rubber, on the other hand, may be vulcanized
without chance of burning in a much shorter time ;
that is in consequence of the large amount of earthy
matter which the latter contains. Where it is impos-
sible to give the long time required for a thick lower,

&G 2
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it should be made of a gum rubber altogether—S.P.
being a good rubber for such cases—or the gum
rubher should form the facing and the core of the
piece, the red forming a more or less thick lining
round the lingual surface.

When the flask is taken from the vulcanizer it
must be left in water until perfectly cold. The
clamp having been removed, a knife may then be
carefully used to prise it open at the main joint;
the case will generally be retained—opening the
flask in this manner—in the upper part; the lid
must then be removed; and the best way to get
out the piece is to insert a strong-bladed plaster
knife between the plaster and the wall of the flask,
using the latter as a guide to work against, and
send the blade through; repeat this round about
two-thirds or three-fourths of the flask, when the
plaster may easily be pressed out by the thumb;
the cutting away of the plaster from about the case
is then very easily accomplished. In taking a
case out of the flask in this manner, cut along the
back wall first, and be careful in sending the knife
through—particularly round the teeth—to keep
the blade close to the metal of the flask; if it is
carclessly entered into the plaster the teeth may be
broken. With care, however, this will be found
the quickest and safest method to adopt, as a rule,
in taking a vulcanite case from the flask.

To cleanse the surface of the vulcanite from the
plaster, it will generally be sufficient to brush it
well with a strong brush and water. The palate
surface of a vulcanite case should never be scraped
or cut with a graver.
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Finishing Vulcanite..—This is done with files,
gravers, or scrapers, sandpaper, and sometimes
water of Ayr stone, and the “wheel.” The iron-
teethed wheels, for *“scouring down,” which were
sometimes used when vulcanite was first intro-
duced, are now entirely abandoned as altcgether
unfitted for the work of the present day, which if
properly constructed requires only the edges to be
reduced and the general surface to be scraped.

The quickest and most satisfactory method of
finishing vulcanite is by using in the first instance
graduated files. The edges of the piece having been
reduced, go over the surface with a rough “riffler,”
next with a medium, and lastly with a fine one.
An edge tool may have to be used to trim round
the artificial teeth. A most convenient tool (Fig.
75) for clearing vulcanite from defweern the teeth
may be made from an ordinary steel pen and
holder; one of the points is broken off, and the
part of the pen thus left is ground on the corundum-
wheel or filed into suitable shape; such a tool
will be found most convenient for the purpose, as,
from the temper and thinness of the steel, it readily
does its work, and if caught or fixed between the
teeth no risk is run of the latter breaking, since the
tool itself breaks more readily. A file point, sharp-
ened, is sometimes used for this purpose; but this
is a dangerous tool to employ, for if it should get
fixed between the teeth the latter are easily broken
by it. After the fine filing the vulcanite may then
be gone over with the sharp scraper, or sandpaper
may at once be used; next water of Ayr stone,
and lastly the “wheel.” The process at the latter
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Riffler,
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Fi . 75. Cutting Tool, for
nishing between the teeth
of Yulcanite cases.

Fig. 76. Seraper for
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is the same as that described for plate, with the
exception that, instead of using rouge on the finish-
ing wheel, a mixture of Spanish whiting and
rouge, and sometimes the whiting alone, is pre-
ferred for vulcanite work.

UPPER SETS RETAINED IN THE MOUTH BY
MEANS OF RIDGES.

This method of securing upper sets (complete
and partial) was explained by Mr. Evans in
the British Fournal of Dental Science for Decem=
ber, 1874.

On each side of the middle line of the palate,
and between the latter and the top of the ridge, a
line running parallel with the ridge is found softer
than the surrounding parts. This results from the
conformation of the hard bone underneath, which
along this line is sunk beneath the common level.
Mr. Evans takes advantage of this part by attach-
ing ridges to the palate surface of the denture,
which after a few hours’ wear sink into the palate
along this soft line. The accompanying figure
shows in section the conformation referred to; a a
mark the situation of the line along which the
ridges should be placed. A wire rather thicker
than pin-wire fallened represents a ridge which
could be used in some mouths, in others a less bold
one must be employed. DBut it is better to make
the ridges of full size as they can very easily be
reduced afterwards as desired. The part of the
palate referred to will be readily discovered Dby
trying the parts with the forefinger.
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For vulcanite cases, cuts must be made along the
parts indicated, upon the firing model, of the size
which is desired for the ridges. For plates, flat-
tened wire may be soldered upon each side of the
palate.

Mr. Evans says, “I usually extend these elevated
ridges from about the second bicuspid to the second
molar (inclusive), keeping them highest in the
middle of their length. Of course some practice
is required to judge what height of spur can be
borne, but they are easily made lower. It might
be objected that some of the palatine vessels and

_ Fig. 77. Section of Jaw, showing the conformation taken advantage of by Dr.
Evans for the placing of ridges or spurs upon palate cases,

nerves occupy the groove I have described, and
that they might be interfered with, but I have
never known such to be the case. And I may
further mention, that these plates hold up much
better after they have been worn for a day or two.”
Since Mr. Evans has drawn attention to the
practicability of retaining sets in the mouth by this
means, many practical dentists have adopted the

suggestion, and found the ridge of the greatest
value,




CHAFPTER IX.
COMBINATION OF GOLD AND VULCANITE.,

Tiis kind of work may be constructed in one of
three ways: 1st, the gold may be struck to the
model in the usual way, and be more or less
covered with vulcanite; 2nd, the vulcanite may
cover the model, and the gold lie upon the lingual
surface of the wvulcanite; 3rd, the gold may be
imbedded in the wvulcanite. The following is an
example of the first style. A gold plate is struck
as explained in connection with gold work, and
when it has been perfectly fitted to the model gold
“ catches” are soldered to the plate at intervals
round the ridge (supposing the case 1s a complete
upper); and from this point the case is proceeded
with as a vulcanite one. The best method of con-
struction is, after the plate is properly fitted mount
the teeth upon it, dressing the wax to exact dimen-
sions. The best position for the *catches” may
now be readily observed and marked, by piercing
through the wax with a broach or otherwise. If
the plale be now slightly heated, the wax and teeth
will come away “‘in block.” The catches are next
soldered ; three or four are sufficient for a small
G 3
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upper. They are made of stout plate—or flattened
pin-wire may be used—between a quarter and a
half-inch long, and, if plate, fully an eighth broad.
They should be bent, so that, when soldered to the
plate at their middle, both ends will remain free to
hold in the vulcanite. To retain them in position
while soldering they may be lashed to the plate
with binding-wire; the case should be thoroughly
heated up before approaching the catch with the
flame. These having been soldered, the plate is
cleaned in the acid, and afterwards the surface to
be covered by vulcanite should be scraped (it is
sometimes also *“ barbed ” by a cornered graver to
a “rasp” surface) The wax. under the teeth
should now be excavated where it comes in con-
tact with the catches; the plate may then be
slightly heated, and the wax with the teeth, placed
in position, the hot knife being used to close the
edges. The wax in some of these cases is made to
cover the whole lingual surface of the plate, but
generally only sufficient is used along the ridge to
give a selting to the teeth. In the latter case, when
casting into the lower part of the flask, the plaster
should be made to quite cover the exposed plate.
IFFor the second method—that in which the gold is
placed upon the lingual surface of the vulcanite—
proceed exactly as for vulcanite, as far as preparing
the case for the flask; when this has been accom-
plished, the case is cemented to the model, and a
sand impression is taken of the lingual surface of
the wax plate. A zinc and lead having been pro-
cured, the gold plate is struck over the part desired.
Upon the under surface of the plate, when it has
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been properly fitted and dressed, ‘ catches” must
be soldered as described for the former case, though
generally of rather smaller size. In order after-
wards to secure the strengthener, so that it shall
not become displaced in the closing of the flask
after packing with vulcanite, a temporary fastening
should be soldered to its lingual surface. Wire,
somewhat thinner than pin-wire, or a narrow cut-
ting of strong plate, may be used for this purpose.
It should be rather more than a quarter-inch long,
and bent to a sharp angle close to one end ; this
short end is clamped to the centre of the plate and
soldered, s/zg/hitly (so that it may the more easily be
removed when the case has been vulcanized). The
long end of the hold which should thus stand at a
right angle to the plate should be straight, so that
afterwards, when closing and opening the flask
immediately after packing, the strengthener may
be removed from the plaster and replaced again
perfectly in position. Sometimes it may be ad-
visable to solder two temporary fastenings to the
lingual surface ; in that case they should be sol-
dered so as to lie parallel with each other, with
the view as before of withdrawing it readily should
that be found desirable.

Before placing the strengthener upon the wax,
excavate the latter freely, to admit the catches of
the former; by this means it may be placed more
accurately in position than if it were simply heated
and sunk into the wax. From this point the pro-
cedure is of course exactly as for vulcanite. The
flasking having been performed according to the
second method, on opening the flask the plate will
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come away with the plaster of the upper part, while
the teeth and model remain bound together in the
lower. The wax having been cleared and the case
“packed ” in the usual manner, it will frequently
be found advisable, as has already been observed,
to remove the plate from the plaster, in order that
the flask may be closed in the press and reopened
for inspection ; before the final closing of course the
strengthener is replaced, then perfect closure 1is
effected, the clamp put on, and the case vulcanized.

The third way in which gold or metal may be
combined with vulcanite is by imbedding it com-
pletely in the substance of the latter. A wire, for
example, or narrow plate, may be bent to suitable
shape and placed in the centre of the case while
packing. Or again, flat teeth are sometimes
soldered to a plate which has been struck, not to
the gum, but to a thin layer of wax covering the
gum; so that in packing the wvulcanite may be
made to cover the under as well as the upper sur-
face of the plate; the latter should have had a
sufficient number of holes drilled in it, and so dis-
posed, that they shall give a good hold to the
vulcanite without weakening the gold.

The first method of combination—a simple gold
plate struck in the usual manner, with the teeth
vulcanized upon it—is a most satisfactory one, and
is very generally adopted by dentists. A case
made on this principle possesses all the advantages
of the simple gold plate, and it may be constructed
and finished in much less time.

Plates or wires combined with the wvulcanite
accord.ng to the second and third plans are called
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strengtheners. So far as they are meant to give
strength to the vulcanite, however, they are alto-
gether unnecessary, unless in a few exceptional
cases seldom met with. Some years ago, in conse-
quence of a considerable number of fractured cases
occurring, we adopted this system—more especially
on the second plan—very extensively, giving nearly
every vulcanite case a plate of gold on its lingual
surface. The cause of the fractures was, however,
afterwards traced to over-firing, and when that
error was corrected the vulcanite was found to be
elastic and strong, and the strengtheners were
dispensed with, as being unnecessary.*

It has been already observed that one of the pro-
perties of vulcanite is, that it will permit of being
bent to an angle of at least 45° and return to its
original form. DBut two essential points must be
observed in order that this characteristic property
of the material may be retained : first, the rubber
after packing must be consolidated in a complete
manner (for this the press or vice is required); and
second, the rubber must be carefully fired at the
temperature ascertained to be most suitable for it.
If either of these conditions be neglected, then the
vulcanite will be weak and untrustworthy.

The wires and narrow plates imbedded in the
rubber, as in lower or upper ‘ bridges,” are par-
ticularly objectionable; as, besides heing unneces-

* Tt is well known that vulcanite does not cling to a silver or even a
dental alloy surface, and strengtheneis made of these metals are found
after vulcanizing to be more or less loose in the vulcanite ; if such
sirengtheners receive a gold swiface by the battery process, the vulcanite
will then hold, of course, as it does upon a gold plate.




134 MECHANICAL DENTISTRY.

sary, they prevent that elasticity of the piece by
which alone frequently these cases can be znserted
and 7zelatied in the mouth satisfactorily.

The second method, however—the gold plate on
the lingual surface of the wvulcanite—1is often
adopted, simply in order to give a better appear-
ance to the work.

" The exceptional cases referred to in which it is
necessary to give some kind of plate strengthener
to the vulcanite are those which ought to be made
altogether in gold, but which for some reason mas¢
be made in vulcanite. These are generally partial
pieces with several artificial teeth standing in an
isolated position, and with a close bite. The plate
used in these circumstances should be, if possible,
combined according to the second plan—placed
over the lingual surface of the wax—and the gold
should be continued over the ridge into the spaces
occupied by the artificial teeth in the form of a
tongue, and reaching to within a short distance of
the platinum pins. Itis at this part of the ridge,
which is generally high, that there is the chief
danger of the rubber being “worn” by the tongue
and opposing teeth, and ultimately giving way.

Although “soldered teeth” in a vulcanite case
is a combination most of all to be avoided—on
account of the difficulties generally attending the
repairing of such pieces and for other reasons—it
may occasionally be found necessary to construct
a piece in this manner. In such instances the bite
comes almost or quite close to the gum and to the
back of the artificial tooth; the strengthening
plate must then be struck directly to the model,
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and the teeth soldered to it in the usual manner;
small catches must of course be also soldered to
the upper surface of the plate in the position where
most vulcanite can be employed to cover them,
and the same surface may be ‘“barbed;” some-
times only one or two teeth of a case require to be
treated in this manner. Again, a strip of plate
may be used, one end being bent up and forming
the back of the artificial tooth, while the remaining
and larger part comes over the ridge and may be
imbedded in the vulcanite.

In all those cases where teeth are soldered to a
plate, and the latter is zmébedded in the wvulcanite,
care must be taken when inserting the piece in the
lower chamber of the flask, where the plaster is
brought up in front of the teeth, that the plaster
does not come over and enclose their points, or the
motion which the plate is subjected to in packing
and closing the flask, being resisted by the fixed
tooth, the latter is subjected to a strain which will
probably break it. If the plaster is not brought
over to the back of the point of the tooth, then the
latter will be capable of the very slight movement
which is sufficient to prevent its breaking.

As has been said, this style of work is most un-
satisfactory, and should only be resorted to under
very special circumstances.



CHAPLER X
PIVOTING TEETH.

«“ Tris method of securing teeth was, until recently,
on account of its simplicity, more extensively prac-
tised than any other, and, under favourable cir-
cumstances, is unquestionably one of the best that
can be adopted. If the roots on which they are
placed be sound and healthy, and the back part of
the jaws supplied with natural teeth, so as to pre-
vent those with which the artificial antagonize
{from striking them too directly, they will subserve
the purposes of the natural organs more perfectly
than any other description of dental substitute,
and can be made to present an appearance so
natural as to escape detection upon the closest
scrutiny.” *

Mr. Tomes, in his “ System of Dental Surgery,”
says “that the root destined to receive the pivot,
together with the surrounding parts, should be
perfectly free from disease. Hence the most satis-
factory cases are those in which the nerve in the
root has retained its vitality; and as the operation

® Harris’s “ Principles and Practice.”
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of pivoting is only generally applicable to the
incisors and canines of the upper jaw, the nerve
should be extirpated by a nerve extractor rather
than by the use of an escharotic.

“The operation then is commenced by remov-
ing, by means of the saw, the cutting forceps, or the
file, down to the level of the gum, such portions of
the crown of the faulty tooth as may still be stand-
ing. The choice of instruments will depend upon
the condition of the part to be removed. When
the neck of the tooth is strong and sound, the saw
may be entered upon each side to within a short
distance of the pulp, and the operation of excision
be completed with the cutting forceps. If the
latter instrument only were employed, a risk of
shaking the root in its socket, or of splintering it
within the gum, would be incurred. If, on the
other hand, the neck of the tooth has been en-
croached upon by caries, or the crown has been
broken off near the margin of the gum, the cutting
forceps and the file only will be required, or, per-
haps, only the latter instrument.

“The exposed surface of the root must now be
cut down with a half-round file to the level of the
gum, and even a little below its free edge. The
next step in the operation will consist in reducing
the pulp cavity to a perfectly cylindrical canal,
which should be extended to within a short dis-
tance of the extremity of the root. To effect this
purpose a five-sided broach may be used, but I
have found a half-round drill preferable. Irom
time to time the depth of the hole must be gauged,
ctherwise the drill may be carried to too great a
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depth. I have known the broach passed through
the root of a tooth into the alveolus.”

The root having been prepared, the artificial
tooth must be carefully selected, so as to match the
natural ones in colour and shape. The kind of
tooth, whether tube or flat, must depend on the
position of the cavity in the root, and also upon
the “bite.” The ordinary tube tooth may be em-
ployed if the tubes in tooth and root are con-
tinuous, that is if, when the former is fitted and
in position, a wire can be passed through both,
Besides this the “ bite” must be such as to allow
a sufficient thickness or strength of tooth to be
rectained behind; what is known as a close bite
would require so much of the back to be ground,
to “let up” the bite, that no strength would be
preserved in the tooth. Though the cavity in the
root and the tube in the tooth may not be exactly
in the same line, still, if they agree at the point of
union, a tube tooth and gold pivot may be used, as
the latter may be bent to an angle which will
give the tooth its proper direction. Should the
cavity in the root be out of position or the bite be
unfavourable, then a flat tooth must be employed.

There may be some cases in which it is advis-
able to fit the artificial tooth directly to the root in
the mouth, but as a rule a small model is taken
in the following manner. A piece of copper wire
1s first inserted in the root; the wire should be
about a quarter of an inch longer than the drilled
cavity of the latter, and should fit it easily but not
loosely. Wax or composition is then placed in a
small impression-tray and an impression taken.
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Or the tray may be dispensed with, the material
being pressed into the space and withdrawn
between the finger and thumb. The copper wire
comes away with the impression, and is cast with it.
When the plaster model is obtained the copper wire
is withdrawn, and the hole thus left in the plaster
exactly represents the cavity in the natural root.

Tube teeth are most readily mounted upon
pivots. The tooth having been fitted to the model
to the correct length and position, is then fastened
with sulphur upon a piece of gold pin
wire which is long enough to form the
pivot also, and which has been bent, if
necessary, to give the artificial tooth its
proper direction. Fig. 78 shows in sec-
tion a tube tooth mounted on a pivot.
Before fastening the wire into the tooth .
it should be scraped, and barbed or Fifé.fgffuﬂl
roughened with a sharp graver. The  (tb¢) is
pivot, before inserting the case into the
mouth, is generally covered with a thread of floss-
silk, touched with mastic varnish.

Where a flat tooth is used it is necessary in the
first place to fit a small piece of gold plate to the
root just sufficient to cover it. This is in most
cases easily effected by the pliers, but sometimes a
single metal model and counter is used. The
position of the root cavity must next be marked on
the small plate, which is then drilled or punched
for the reception of the gold pivot. To obtain the
mark on the plate, insert in the cavity of the root a
piece of copper wire, the end of which, filed to a
point, appears yust above the level of the cavity.
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This point is tipped with colour, and the plate
being brought steadily down into position upon it,
the required mark is obtained. The direction of
the cavity in the root must be noted, and the gold
pivot soldered into the plate in that direction.
From this stage the method of working is the
same as that already described in connection with
flat teeth upon gold plates.

Pivot teeth are as a rule inserted in one or other
of the ways above described. There are other
methods employed, however. Wood pivots are used
instead of, or in combination with, the gold ones ;
or a gold or platinum tube may be fastened into
the cavity of the root for the reception of the gold
pivot,the latter in such cases being formed of “split”
gold pin wire. For those entirely made of wood
special teeth are manufactured, having tubes of
large diameter. The pivot wood having been con-
solidated by drawing it through a suitable hole in
the draw-plate, one end is carefully inserted into
the artificial tooth, and the other is reduced to the
size required for the pivot. In using wood for this
purpose, the pressure employed either for inserting
it into the artificial tooth or the root must be less
than that used for gold pivots, as the wood expands
after its insertion into the root ; if, therefore, it was
forced too tightly into the respective tubes there
would be some risk of the natural root being split,
and also of the artificial tooth giving way. Again,
a gold wire having had a thread formed upon it
may be screwed into a suitable piece of wood : the

latter is then reduced so as to fit into the respective
cavities.
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The most perfect method of pivoting, however,
is first of all to fix a gold or platinum tube in
the cavity of the root; a tooth is then mounted
upon a ‘“split” pivot, which by its own spring
is retained in position. This plan is seldom
adopted on account of the time it demands, other-
wise it gives most satisfactory results. Richard-
son says in regard to it, “The best and most
approved method of attaching the crown to the
root consists in adjusting a metal pivot to a gold
tube attached to the root in such a manner that
the substitute may be readily applied and removed
by the patient. The tube which lines the enlarged
canal in the root is constructed and applied in the
following manner. A thin strip of gold plate five or
six inches in length is first bent round a polished
cylindrical steel wire the size of the intended pivot ;
these are both drawn together through a draw-
plate until the gold tube is accurately conformed
to the steel rod. The wire is then withdrawn and
the joint or seam in the tube soldered; before
doing which, however, the joint should be coated
on the inside with a mixture of whiting to prevent
the solder from flowing in upon the inner walls of
the tube. A fine thread is then cut with a screw-
plate on the tube, and having introduced into the
latter a piece of the steel wire on which the tube
was formed, the tube is seized with pliers or a
small hand-vice and screwed gently and carefully
into the fang. The steel wire is then withdrawn,
and the protruding part of the tube removed with
a file or cut off with a fine saw.” Instead of
screwing the tube into the root it may be simply
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fitted in and fixed with adhesive gold or amalgam
packed round its lower end. To do this, after the
cavity in the root has been enlarged to the size
required to admit the tube, a burr drill is used to
make a sufficiently deep countersink in the cavity ;
the tube is then introduced and the countersink is
packed with adhesive gold. Platinum tubes are
sold by the manufacturers for this work, and with
them amalgam may be used to pack into the
excavation and fix the tube. To make a satis-
factory split pin we have found it better to file the
gold wire half round instead of drawing it, then

Figs. 79 and 8o. Pivot Tooth (flat) back and side view.

the two halves receive a thin coating of whiting on
their flat surfaces, excepting about an eighth of an
inch at one end, which must be left perfectly clean.
The halves are then closed accurately together, and
the small part at the end—untouched by the whiting
—is soldered ; this latter part is of course inserted
and soldered into the plate, which—for flat teeth—
is fitted over the root. Thus, when the case is
finished, the split pin may be slightly separated,
and its spring will retain the substitute perfectly
in position. Fig. 79 shows a flat tooth mounted
with a split pivot; Fig. o gives a side view of the
same.,
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them. If these precautions are not taken, some
annoyance will be experienced from the teeth
dropping from the wax while the case is being
tried in the mouth.

When the position of the tooth with respect to
circle and bite, &c., is ascertained to be correct, the
case is removed from ti.e mouth and at once im-
bedded in the investient in the usual manner;
when the latter is hard and the wax cleared away,
the space which is found between the back of the
tooth and the main plate must be filled by a small
piece of plate closely fitted. In soldering these
cases particular care is required, for if the flame
be made to solder one joint before the other, the
small added plate will probably rise out of posi-
tion. Thus if the joint made by the main plate
with the small one be soldered first, the latter will
be drawn up more or less from the back of the
tooth, and if the joint made with the tooth back
be first soldered, the added plate is then drawn
up from the main one. To prevent this the parts
must be soldered as far as possible simultaneously;
heat one joint just sufficient to “sweat,” but not
to flow, the solder, then turn the flame upon the
other; the sweated solder of the one part fixes it
sufficiently to resist the tendency to “rise’ while
the other is being soldered.

The teeth, instead of being backed at the stage
mentioned above, may have the backs put on after
the case has been placed in the investient and the
wax removed. This plan is practised in all cases
by some dentists, but the other is generally pre-
ferred.
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This method of repairing or adding to plates
may be adopted when several teeth are to be
added, provided the surface to be covered by the
new plate is not so considerable as to render it
advisable to fit the latter by striking it between
metal models.

Where the addition cannot be made in the
above manner, an zmpression of the parts must be
taken in either of two ways. Softened wax or
composition, in a small lump, is pressed into the
space in the plate which is to be supplied with
teeth; the plate and wax are then placed in the
mouth, and the latter material is pressed up with
the finger, to take the form of the gum, the arti-
ficial piece being held steadily in position; the
patient may close the opposing teeth upon the
wax; thus an impression and #&zf¢ is obtained.
The case being then removed with the wax
attached, a plaster model is made. The second
way ot taking impressions in such cases is best
where large additions are required. Wax or com-
position having been placed in a tray, an impres-
sion is taken with the artificial piece in position
in the mouth; the piece comes away with the
impression material, when the latter is withdrawn,
and a plaster model is cast of the whole. When
this has been obtained, the artificial piece will be
found occupying the exact position on the model
which it did in the mouth.

The model and bite having been cast, the plate
is then taken off and prepared so as to make a
satisfactory joint along the line where the new
one will join with it. After this has been done it

II
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is again placed upon the model and cemented to
it, when a sand impression is taken, which need
be accurate only over the surface to be covered by
the new plate. This must be cut to pattern and
struck so as to fit over the required space and
slightly overlap the old plate along the border of
union. The teeth are then fitted and backed, and
the parts having been cemented together the case
is imbedded in plaster and sand, and the after
stages are the same as in the case already de-
scribed. Before placing these repairs in the
investient a little wax from a hot knife should
be run along the line of joint on the under or palate
surface of the plate; when this is done the solder
is more readily drawn through.

Large additions are sometimes made by means
of vulcanite. A small upper, for example, of a few
teeth is made up to a complete or almost complete
set by making up the required outline with wax
upon which the new teeth are set, and the piece is
proceeded with as for wvulcanite. The plate in
these cases must be supplied with suitable catches
for holding the vulcanite securely. This method of
repairing is extensively practised ; but the difficulty
of accomplishing future repairs in all instances
where soldered teeth are combined with vulcanite,
should an accident happen to these teeth, is a great
nbjection to adopting it.

Vulcanite Repairs.—The same method as that
just explained for gold repairs is of course equally
applicable for these. The vulcanite having been
first “scraped” in the neighbourhood of the space
to be filled, is then filed into such dovetails as will
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give the best hold for the new vulcanite. Soft wax is
then added to the part, and the chosen tooth set and
fixed upon it. The wax should be somewhat full
at the gum border, and the tooth left rather longer
than the neighbouring ones, so that when the piece
is placed in the mouth it may be moved in the soft
wax to the correct position more easily than if it
were short and had to be drawn down; the wax by
the same pressure takes the form of the gum. Upon
removing the case from the mouth, it may be neces-
sary to apply a hot knife to the wax to secure the
tooth in the new position ; this must be done with
care. The piece is then imbedded in the lower part
of a two-part flask, the plaster being brought up
over the teeth and vulcanite as well, leaying only
the labial surface of the wax exposed.

‘When the flask is opened and the wax removed
by the boiling water, the surfaces to be covered by
the new rubber should be thoroughly scraped before
packing.

Where large additions are to be made to a vul-
canite piece, the same methods as regards taking
the impression, &c., may be adopted as that ex-
plained in connection with gold repairs.

To Reset the Teeth of a Vulcanite Piece.—It is
sometimes necessary to take the teeth out of a
vulcanite piece and reset them on a new plate and
to a new model, while they must occupy the same
position exactly with respect to height and projec-
tion as before.

In such cases, before removing the teeth from
the old piece, cement the latter in position upon
the new model, which must be prepared for taking

H 2
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a bite. The bite, or “circle,” as it is called, is
made by covering the points and crowns of the
teeth over with the plaster, which should also be
brought partly over their faces; otherwise it is
constructed as an ordinary bite. After this has
hardened and been separated, the vulcanite piece
must then be thoroughly softened in boiling oil or
over the gas-jet when the teeth are extracted, and
thoroughly cleansed. The four or six front teeth
are next placed accurately in the sockets left by
their points in the plaster circle, secured if neces-
sary by a little cement. A wax plate having been
made for the model, the circle with the teeth
attached is closed upon it, and the teeth are secured
at their necks to the wax plate; the circle is then
removed and the wax filled in upon the backs of
the teeth. The bicuspids and molars are then
mounted in the same manner. By this means the
original position is exactly reproduced in the new
set.

Where it is necessary to imitate minutely the out-
line of the vulcanite gum of the old piece also, we
must, besides the “circle” which has been already
obtained, take a cast of the vulcanite gum. Make
a ‘“parting” cut or groove on each side of the
model, and, having oiled the latter and the vul-
canite, cast a shell of plaster round model and
vulcanite gum. This outside covering must be
made in two parts, the line of division being along
the centre line between the front incisors. If it was
cast in one part of course it could not be removed.

This outside “circle” of plaster is sometimes cast
first, and is brought up in front of the teeth as far
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as their tips ; the “bite " circle is then cast, forming
a cap which covers the crowns only of the teeth.
When this plan is adopted the method of setting
the teeth is changed. The wax plate having been
placed upon the model, the outside circles are
then adjusted to the latter; the teeth are then
placed in their respective impressions in these
circles and secured behind with wax, the “bite
circle” being used as the guide for their height.
As a general rule these outside circles are not
used; the “bite” first described, in which the
plaster is made to enclose the points of the teeth, is
all that is usually employed; for the outline of the
gum the eye is sufficient guide to build the wax
to a close resemblance of the original piece.




CHAPTER XIIL.

CONTINUOUS GUM WORK.,

IN this kind of work a platinum plate is struck up
in the usual manner. Upon this the teeth are set
and fastened behind with cement. The case is then
imbedded in the plaster and asbesfos mixture. When
this is hard, and the cement has been removed, the
teeth are then “backed,” and the joints are sol-
dered with fine gold. The piece, after it has been
taken from the investient (the bottom or model
part of which should be kept carefully for future
use), has its lingual surface including the backs of
the teeth covered with a mineral paste; the front
of the plate also and necks of the teeth are built up
with the paste to imitate the natural gums. The
whole is then placed in the muffle of a furnace
specially contrived for this purpose, and heated
until the material vitrifies. Fig. 81 represents such
a furnace in which the ordinary fuel is employed ;
Fig. 82 is a gas-furnace made by Mr. Fletcher.

The substances used for this work may be
obtained from the depo6ts. The muffle furnace in a
variety of forms may also be purchased from the
dealers ; or a ‘“home-made” one may be easily
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constructed. Continuous gum work is not much
practised in England; but in America, where the
system was matured, it is very popular.

For the following details of this process we are
indebted to an article on the subject in Dr.

Fig. 81. Muflle Furnace.

Richardson’s work, and also to an article con-
tributed by Dr. Roberts to an American journal.
Metallic Base.—‘ Whenever the porcelain body
is united by direct fusion with the metallic base,
the latter should be constructed of platinum, as this
is the only metal which will withstand the heat
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necessary to vitrify the cements in common use.
Platinum, both from its infusible nature and com-
parative exemption from contraction, is admirably
adapted to this process; and did it possess the
stiffness and elasticity of ordinary gold plate its
suitableness would be still further enhanced. It is
not improbable that at no very distant period, as
before intimated, porcelain cements sufficiently
fusible, and possessing other-
wise the necessary requisites,
will be compounded, justifying
the employment of gold alloyed
with platinum as a base. At
present, gold or its alloys can
only be used in connection with
this process in those cases
where the teeth are united in
sections or entire arches inde-
pendently of the plate base,
q N being subsequently attached
Big, b, Mails Fumace' to the latter either by rivet-
gas), Fletcher's. _
ing or with the use of solder.

The thickness of plate used will be determined
somewhat by the form of the palatal vault and the
manner of constructing the metallic base. Ordi-
narily No. 3o plate may be used; if, however, the
arch is shallow and broad, increased thickness
should be given to it. On the other hand, if the
arch is deep, and marked by prominent ruge or
other sharply defined irregularities of surface, a
plate somewhat thinner than that specified may be
employed ; and if the plate is doubled in the centre,
and the space filled in with gum material, plate
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No. 32 or 33 will suffice.* In all cases the perfect
integrity of the piece requires that the absorption
of the ridge shall be complete, otherwise no prac-
ticable thickness of a single lamina of platinum
will, on account of the soft and pliant condition of
this metal, provide perfectly against fracture and
deformity in mastication.

It is unnecessary to repeat in this connection
what has already been fully described in regard to
impressions of the mouth or the manipulations
connected with the formation of plaster models and
metallic swages, these processes being essentially
the same as in the construction of ordinary gold
work. Whenever a rim is to be formed to the
border of the plate extending from heel to heel of
the latter—and this is to be accomplished by swag-
ing—then an abrupt shoulder of plaster must be
added to the model along the border where the
edge of the plate is desired to be turned up before
casting in sand. If it is designed to enamel the
entire lingual surface of the plate (a method now
commonly practised), the shoulder upon the model
should be extended across the heel of the latter
from each extremity of the ridge on a line with the
posterior border of the hard palate, to form a groove
in swaging similar to and continuous with that on
the outside of the ridge. The edges thus turned in
swaging will flare more than is required ; the opera-
tion must therefore be completed by carefully
turning them over sufficiently with the pliers. In
place of swaging the rim, however, it may be
formed by fitting and soldering along the border a

¢ These numbers represent, of course, the American gauge.
H 3
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narrow plain strip of platinum, extending it as
before, if desired, across the posterior edge of the
plate. This edge of the plate—that is the lingual
edge which crosses the floor of the mouth in an
upper case—should always have a narrow strip of
the platinum soldered upon it; this leaves a thick
edge for the enamel to be dressed against, thus
leaving the latter strong and well protected. The
outer border of this added rim is of course filed
towards the gum. A triangular wire may be used
for the above purpose instead of the narrow strip
of plate.

In whatever way the rim or socket is formed, it
is practically of the first importance that the exact
dimensions of the plate required should be ascer-
tained before the groove is formed, as it will be
impossible to subsequently diminish the extent of
the borders without to some extent impairing the
integrity of the finished work. The mouth, there-
fore, should be carefully examined, and the precise
location, extent, and fulness of the muscles and
integuments along the external borders of the
ridge above and below, the glands underneath the
tongue, and the extreme boundaries of the hard
palate carefully noted and accurately traced upon
the plaster model to serve as a guide in determining
the dimensions of the paste.

Zinc and lead are particularly destructive to
platinum where the two are heated together, there-
fore after swaging the plate should be carefully
pickled in nitric acid.

The ordinary flat or vulcanite teeth may be used
for this work, and they are mounted and fastened
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with the cement behind, as already described in
connection with other work. They should not,
however, be fitted accurately to the plate, but
should be set upon a layer of wax; the spaces thus
left between the bases of the teeth and the plate
will afford a hold to the enamel afterwards to be
used.

The case is th2n imbedded in a mixture of equal
parts of plaster and asbestos as for ordinary
soldering. 'When this hardens the cement is
cleared from the backs of the teeth, which are then
ready to receive their linings, or backs, and attach-
ments to the plate.

Lining the Teeth.—The method of attaching
the teeth to the plate by means of stays or linings
will depend somewhat upon the construction of
the teeth manufactured expressly for this process.
They are formed usually with two or more platinum
pins or rivets, but those known as ‘ Roberts’s
teeth,” having but a single long pin, require a
different application of the stays from those com-
monly used. The method of lining the ordinary or
double-pinned teeth will be first described. A strip
of platinum, equal in width to the tooth to which it
is applied and one-half of the spaces next adjoining,
is pierced to receive the platinum pins, the end
resting upon the plate being split into several
sections and bent at a right angle with stay, ex-
tending back upon the plate an eighth of an inch.
The portions of the lining which extend beyond the
sides of the teeth are slit even with the sides of the
tooth about half-way down from the top of the stay.
The linings are thus separately formed and adjusted
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to each tooth, and when applied are fastened by
pressing the pins together with pliers, while the
lateral strips are doubled upon each other and
interlocked, thus uniting them throughout.

In the use of teeth having but one long pin their
attachment is effected by fitting a strip of platinum
plate underneath the pins, extending continuously
from heel to heel of the plate, the lower edge rest-
ing upon the latter. It is best first to fit a strip of
sheet lead to the curvatures of the teeth and to the
surface of the plate, to be used as a pattern in
cutting out the platinum band. The strip is some-
times formed in sections, in which case they should
be united by interlocking the ends. In order to
strengthen the attachment this band may be
doubled or wired, or additional strips of platinum
or pieces of wire may be placed continuously or at
intervals along the points of contact between the
band and plate. When adjusted it is fixed in place
by bending the pins down over it, the band being
previously perforated with numerous small holes
through which the gum body passes, binding the
several parts more perfectly together.

Soldering.—It should be remembered in mani-
pulating this work that the appropriate and only
solder for it is pure gold. The teeth lined, small
pieces of this metal are applied at all points to be
united, each piece as it is applied being touched
with borax ground in water. The gold should be
applied in sufficient quantities to unite perfectly all
the parts, and may be confined within certain
limits, when fused, by scoring the surface of the
plate with a sharp instrument immediately inside
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of the linings, or wherever it is desired to limit the
flow of the solder. The piece is now placed in the
muffle of the furnace, and the heat raised on it till
the gold flows, when it should be immediately with-
drawn and placed in a cold muffle to cool gradually,
the end of the latter being closed. Or the piece
may be removed at a red heat from the furnace and
soldered with the blowpipe in the ordinary way.
‘When cold, the external covering of the investient
1s cut away, leaving that portion uninjured on
which the plate rests, to serve as a base for the
plate in the process of baking the body. The plate
and teeth separated trom the plaster, are now im-
mersed in a dilute solution of nitric acid, where
they are allowed to remain until all adhering
particles of vitrified borax are removed, after
which the piece is thoroughly washed. To insure
a more perfect adhesion of the body to the plate,
it is recommended, after having placed the plate
upon the die, to scratch or etch with a sharp-
pointed instrument the entire lingual surface of
the platinum base. The piece is now ready for the
application of the gum body.

Application and Fusion of the Body or Base.—
The material for the base or body is mixed with
sufficient water to form a paste, the portion first
applied being sufficiently thin to admit of being
worked perfectly into all the minute crevices or
interstices around and underneath the ends of the
teeth, and about the platinum linings, and into the
contracted fissure or groove formed by the rim.
When these interspaces are filled in as perfectly as
possible, the redundant water may be taken up
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partially by applying to the paste, wherever prac-
ticable, small pieces of tissue or bibulous paper,
when the paste, thus partially deprived of its water,
should again be worked in and impacted as per-
fectly as possible with small, sharp, straight, and
curve-pointed knives or spatulas. Before filling in
with the body into the more open spaces between
the roots of the teeth, the former may be partially
filled up with fragments of the crowns of broken
teeth, around which and the roots of the teeth the
porcelain paste, now used much drier and thicker
than at first, is packed as hard and solid as pos-
sible. Small portions are thus added from time to
time until the required fulness of the gum between
and external to the teeth is obtained, drying out
occasionally with a clean napkin or tissue paper,
and at the same time pressing and patting it with
the instrument to drive out entangled portions of
alr. The paste 1s likewise applied to the platinum
stays, covering them to the depth of from a half to
three-fourths of a line, making it fuller as it ap-
proaches the plate, and rounding it off at this point
with a retreating edge extending back an eighth of
an inch or more. If it is designed to enamel the
lingual surface of the plate, the gum body should
be applied the thickness of a dime to the entire
surface continuously with that upon the backings,
filling into the groove around the chamber with a
uniform surface. The porcelain paste should be
carved neatly at the necks of the teeth, and on the
exterior or labial surface a shallow concavity or
furrow may be formed by cutting out a small
portion of the body from between the roots of the
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teeth, thus forming a ridge over the fangs of the
teeth in imitation of the natural gum. The effect of
this carving will be still turther enhanced after the
application of the gum enamel, which being ap-
plied evenly over the surface, a greater depth of
gum colour will be imparted to those parts over
the furrows, while the intermediate portions over
the roots will appear somewhat blanched, or of a
lighter gum colour, as in the natural gum.

After the application of the base in the manner
described, the crowns of the teeth should be well
cleansed with a camel-hair brush of all adhering
particles of paste, and the uncovered portions of
the plate with a moistened napkin, when the piece
should be readjusted to the “ plaster and asbestos ”
base previously used in soldering, placed upon a
fireclay slab or slide and introduced first into the
upper muffle of the furnace, where it may be allowed
to remain exposed to a gradually increasing heat
until it is thoroughly dried ; when it acquires a red
heat it may be transferred to the lower muffle, and
the heat urged until partial vitrification of the body
takes place, and which may be determined by a
slight glossiness of the surface. When baked or
biscuited in this manner it may be removed and
reintroduced into a cold muffle as when soldering.
When the piece is quite cool it must be placed
upon a metallic die to detect any alteration in fit,
and to restore it to its former shape, which may be
done by pressing it down with the hand or by
tapping the molar teeth with a wooden or a horn
hammer and pressing the plate at the same time
firmly down to the die. Should cracks be produced
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in the body it is no matter, as these will be filled up
in the second baking.

Second Coating.— The paste for the second
coating is made the same as that for the first. It
is carefully laid upon all the parts that require to
be built out, and is introduced into all the crevices
into which it is made to settle by lightly tapping
the piece. With the little spatula the surface is
nicely carved and shaped around the roots of the
teeth. A little ridge is raised with a camel-hair
pencil from the line between the two central
incisors, running back along the palatal surface to
the middle of the posterior edge of the plate, and
this ridge is next halved by a central line made
along its whole length by the brush or the edge of
the spatula. On each side of the ridge little
prominences are to be raised to imitate the rugee
of the mouth. The second baking must then be
conducted like the first (only a little harder), and
the cooling also, when the piece should be again
placed upon the metallic die in case of alteration in
fit. It is now ready for colouring.

Enamelling or Gumming. — The gum, being
mixed as was the body, should be laid on evenly and
in proportions only to be learned by experience;
andin the selection of shades of colour you must be
guided by your own taste. I should recommend,
however, the use of a very thin coating at first,
afterwards a deeper shade can be given by a second
coating. If the teeth have been etched in soldering,
a little -coating of “etching enamel” of the con-
sistency of cream should be laid upon them with a
camel-hair pencil. The plate being then cleansed
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and replaced upon its investient model is ready
for the furnace, but more care is now required not
to expose too suddenly to a high degree of heat.
If pushed too fast into the muffle pieces are likely
to scale off, leaving defective spots such that it
would be necessary to remove the work, cool it
down, and repair with more gum. When well
heated in the upper muffle the piece may be re-
moved to the lower one and exposed to a full
white heat for from ten to twenty minutes, or until
the gum has thoroughly flowed and shines like
melted glass. It is now to be removed, cooled
down as before in a cold muffle. When at blood
heat take it out, and place it in water of about the
same temperature. Avoid touching it with the
fingers. This is an effectual method of preventing
the checking or grazing of the gum, which fre-
quently occurred in the old way of annealing
when the piece was cooled and taken in the
hands.

The next and last operation is the polishing. 1
remove from the plate any little particles of gum
or body, and rub it thoroughly with fine sandpaper,
then with a fine stick and pumice-stone, and lastly
with a steel burnisher or bloodstone with a little
soap-suds.”

Partial Sets with Continuous Gum.*—¢ Partial
cases may be made with continuous gum; but the
work is so various in its nature that the dentist must
necessarily depend much upon his own judgment.
Difficult cases will constantly present themselves
that will require the exercise of much study and

* Dr, Roberts.
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ingenuity, and in which the general instructions
which can be given in words may be of little
service. The first attempt of this kind in my own
experience was in replacing two central incisors.
Taking two continuous gum teeth, I placed upon
them a platinum lining, slitting this down along
the edge of the one tooth nearly through the piece,
and up the edge of the other tooth by a parallel
cut, leaving the two parts joined together by a
narrow slit. This allowed sufficient motion be-
tween the teeth, so that they could be adjusted as
desired. I then placed a bit of tissue paper upon
the plaster model covering the spot to be occupied
by the teeth and gums to prevent the adhesion of
the body to the plaster, and holding the two
incisors in their places I worked the body into all
the depressions of the gum and around the roots
of the teeth. I then removed the whole from the
model and placed the piece in a paste of pulverised
silex, or plaster and asbestos, and baked as de-
scribed for full sets. The little slip of platinum
kept the two teeth in position. The work shrunk
somewhat, but this was remedied by again placing
the piece upon the mould with the intervention
of tissue paper covered by a thin coating of body.
Into this I pressed the piece until it occupied
its true place, then filled in again with more body
all the crevices around the roots of the teeth, and
rebaked.

After enamelling, if the work has been carefully
and skilfully done upon this plan, it will be as
fine a piece in appearance and fit as can be made.
It may then be soldered to a gold plate, and the
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little strip of platinum between the teeth be cut
out. With the body and gum formerly in use
many difficulties were often encountered from dis-
colouration of the gum, or from injuries incurred
in soldering. But with Roberts’s material these
are easily avoided, and the piece can be treated
the same as a block or single gum teeth. In par-
tial sets on entire plates of platinum I have some-
times found trouble from the enamel giving way
upon the small narrow points that connect the
teeth with the plate by the shock occasioned in
biting. I have consequently left these points un-
covered, and used two or three thicknesses of
platinum to give greater strength. DBut where
this is likely to occur, gold plates weould be prefer-
able if nicely adapted with single gum teeth or
blocks of continuous gum, as the case might require.
I have also applied continuous gum in cases where
the natural teeth, from one to five in number, were
left in the mouth, by making the plate as in full
sets, cutting out around the natural ones, and
raising a small bead, or placing a light wire round
about one-eighth of an inch or more from the
teeth against which the gum or body is to be
finished. The points around the teeth are to be
left free, in order to be burnished down in case of
imperfections caused by the difficulty of obtaining
exact impressions in these places. In such cases I
have sometimes iormed a strong standard of several
thicknesses of platinum fitting closely against one
or more natural teeth, leaving a loophole through
which to run a gold clasp for afterwards securing
the artificial set.
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I have also secured the gold to the standard by
rivets of platinum, and sometimes by two or three
gold screws, not providing in these cases the loop-
hole. These methods are to be preferred to using
solder for fastening, for, in case of repair, the
clasps are easily removed without leaving any
foreign substance; but in case of soldering, how-
ever carefully they may be removed, there will
remain some alloy, which in the baking heat to
which the piece is to be exposed will be incor-
porated with the platinum. Even so small an
amount of silver as may be in gold coin used for
solder will communicate a yellowish tinge to the
gum, spoiling the whole work.

Another source of mischief may properly be
noticed in this place. In baking, especially with a
new furnace or with muffles lately renewed, either
at the first or second heat, or it may be in enamel-
ling, the piece is sometimes changed in its texture
and colour, as is supposed by the gases present, and
the phenomenon is called gassing the piece. The
body becomes porous like honeycomb, and of a
bluish colour. When this occurs, there is no
remedy but to place it upon the metallic die, remove
the whole of the injured part, and replace it with a
new coating of body and gum. 7The teeth are
seldom, if ever, thus affected. As a precaution, the
muffles should be well ventilated with holes for the
passage of the heated air and gases.

Repairing.—In case of a single tooth being
broken a new one is readily inserted by entirely
removing the crown of the injured one, and grind-
ing out a niche in the gum at its base nearly one-
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fourth of an inch deep to receive the new tooth ;
then fill up the niche with body, and press the tooth
you wish to insert down to its proper position;
trim the surplus body about the neck of the tooth
as in full sets, absorb the moisture with a napkin,
and apply the gum to the body and wherever
required. Stay the tooth with a little plaster and
asbestos placed upon its point and reaching over,
so as to include the adjoining tooth on each side.
A better method, however, is to place the teeth
downward, imbedding their points in a paste of
pulverized silex laid upon a slide, and then sub-
ject the piece to the heat required for enamelling.
One baking will generally suffice to complete this
operation. But if a piece has been more seriously
injured, say by loss of a central canine tooth, with
a point broken out from the edge of the gum, and
the plate is bent so as to have lost its fit, and the
gum shrunken away at any point, we adopt a tho-
rough method of repair. We first take an impres-
sion of the mouth and make a plaster model ; upon
this we place the plate, and over the point where the
gum is shrunken we chip off the body and gum, and
with a burnisher work the plate down, wherever
required, to exactly fit the model. We then make
a niche for each tooth to be inserted, apply the
body and gum, stay the teeth, and bake the piece
as above described. If it has been thoroughly
packed two bakings will be sufficient, but some-
times three will be required. The only rule is to
repeat the operation till the object is accomplished,
taking care always not to overheat the piece. In
case of the piece being long worn, it is well, before
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doing anything to it, to subject it to a moderate
degree of heat, sufficient to burn off any impurities
it may have collected in the mouth.

Another set may be presented for repair literally
broken to pieces; but the plate remaining a perfect
fit, and some of the teeth being undisturbed, we
wish to avail ourselves of these. We therefore
make a dam of putty around the edge of the plate,
and run in fusible metal to form a cast, which shall
serve as a support for the plate. Not to endanger
cracking the teeth by the heat, the piece may be
placed in a dish containing a little water, and after
the metal is poured and begins to harden more
water may be added, so as to cover the whole mass.
But this is hardly necessary if the alloy be run
nearly at its cooling temperature.

The piece being now supported upon the cast,
and held firmly with one hand, a small chisel made
from an excavator may be applied with the other to
the old material which it is desirable to remove,
and an assistant gently tapping this with a hammer,
the body is quickly chipped off between the teeth,
and wherever the chisel is directed without injury
to other parts, or without misshaping the plate.
The teeth may now be inserted and soldered to
the plate, with the old or new linings if required,
and the new body and gum may then be applied.”




CHAPTER XIiIL.

CELLULOID.

THIS substance is derived from cellulose—the
colourless material of the woody fibre of young
plants. The cellulose is obtained in the pure state
from cotton or linen fibre by boiling out the im-
purities with which it is associated, with alkali,
ether, or alcohol. It is then subjected to treat-
ment with nitric acid, producing dinitro-cellulose,
or pyroxylin, which, being dissolved in ether, is
known as collodion. The dinitro-cellulose, or
pyroxylin, is the chemical compound that is used
for the production of celluloid by the addition to it
of gum camphor—both being in a finely divided
state, and first mixed mechanically. Thus mixed,
they are subjected to heat and pressure, when a
chemical combination seems to take place, resulting
in a homogeneous mass.

For dental purposes the celluloid is supplied in
shapes called “ blanks.” These are in the form of
blocks for upper and lower jaws of various sizes.

Though celluloid has been before the dental pro-
fession for the last twelve years or more, it cannot
be fairly said that it has yet emerged from the pro-
bationary period of its existence. It is chiefly in
the hands of experimentalists, who, without doubt,
duting the past few years, have made great advances
in the direction of rendering this substance a re-
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liable as well as a beautiful base for artificial teeth.
But though in the near future celluloid may take an
assured position, even to the extent of supplanting
vulcanite, it cannot at the present time be said to
have the confidence of any considerable number of
dentists. And even those who, by their great
experience and skill in the manipulation of this
material, have been able to produce the best results,
speak with some hesitation regarding its complete
success.

Mr. Gartrell, than whom no one has done more to
perfect the methods by which satisfactory results
may be obtained, has kindly furnished us with his
conclusions upon the subject. He says: “My
opinion of celluloid as a dental base is that it should
be used with discrimination. It should not be
made for dirty wearers, or those who do not appre-
ciate its colour and appearance. It should not be
used for partial pieces, or over roots, unless it is
combined with perforated gold or dental alloy, or
when the ¢bite’ is close, as it will not stand the
‘wear and tear’ of the opposing teeth like rubber.
I have a great many cases, full uppers, that have
been worn for years without warping. On the
other hand, I have a number of cases that have
warped. « + .. I have never had a case of warping,
however, when I have combined the perforated
alloy, or gold, as I have described in book* . ., . .
In conclusion, I think that celluloid will be used to
a limited extent by those who work it properly.
And if the material can be slightly improved so as
to be harder, less liable to warp and lose its colour,

* ¢ Instructions in Celluloid and Vuleanite,”
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it will supersede rubber entirely.” These conclu-
sions are in perfect accordance with those kindly
furnished to the author by Mr. Biggs, of Glasgow,
who has also had large experience in celluloid
manipulation.

On the Construction of Celluloid Dentures.—
It is unnecessary to describe here the mode of
mounting the teeth on a wax plate and preparing
the case itself for the flasking operation, the process
being identical up to this point with wvulcanite
work. Instead, however, of using plaster models,
as in flasking for vulcanite cases, metal models (an
alloy of tin and antimony, or tin itself, if pure,
being used) are now usually employed in the cellu-
loid process; and where direct pressure upon the
model takes place, the advantage of metal over
plaster is obvious. The sand used for casting in
this instance should be very fine, and rammed tight.
The cast should be very shallow. After pouring
the metal, and while it is yet fluid, if the mould be
tilted over the ladle a shell model is obtained very
convenient for flasking; and also one from which
a cellulized case, with undercuts, can be detached
by crushing the metal upon itself.

The lingual surface of the pattern-plate, and also
the gum extending up between the teeth, should be
covered with tin leaf about the thickness of writing
paper, carefully burnished upon the wax. A smooth
surface may be made upon the latter before putting
on the leaf by touching it cautiously here and there
with the small point of a blow-pipe flame.

The flasking operation is effected precisely as
described for vulcanite cases at pp. 105, 106 (the

I
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metal model being retained in the lower part of
flask, and the teeth in the upper). The plaster
having become thoroughly hard, the flask is placed
in a vessel of hot water, opened, and the wax re-
moved in the usual manner. A point requiring
special attention here is, that much greater pro-
vision must be made for the surplus celluloid than
for rubber, and the groove made wmust not com-
municate with the matriz. This surplus groove, or
trench, should encircle the model, its inner circum-
ference should be at all points three-sixteenths of
an inch from where the free edge of the pattern-
plate reaches, and it should be scooped outwards
to the wall of the flask. The groove should be
made in that part of the flask which does not con-
tain the teeth.

Packing the Celluloid. —A ¢ blank” bheing
selected of approximate size for the case, it will
probably be necessary to saw away portions and
fit it somewhat to the mould with a rough file, in
order to avoid displacing the teeth on first applying
pressure in the machine.

When celluloid was first employed for dental
purposes, a very simple apparatus was used for
closing the flask. Itconsisted of a small iron vessel
containing oil, which was heated by a Bunsen
burner ; into this vessel the flask was placed with
the “blank” in position; the centre screw, with
which the apparatus was fitted, was turned down
gently as the celluloid became sufficiently softened
by the oil.

This method of working, however, has been dis-
carded. The oil soaking about the celluloid in-
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jured the material; and, besides, the necessary
conditions for effective heating could not be secured
by this means.

An important step was made some years ago by
Mr. Gartrell, who invented an ingenious machine
similar in appearance and in principle to an ordi-
nary vulcanizer. In it steam is raised to 265° Fah.,
and while maintained at that temperature the
flask is closed by means of a steam-tight centre-
screw, which passes into the chamber of the
machine, and acts upon the flask. At first little
force is required to turn the screw, the finger and
thumb being sufficiently powerful to operate the
lever ; but as the moulding proceeds, the pressure
required increases, and at last considerable power
with both hands is necessary. The flask, having
been perfectly closed, should remain under pressure
until quite cold before opening it.

But it now appears to be conceded by all experi-
mentalists in the manipulation of celluloid that
steam, like the oil in the previous apparatus, is in-
jurious to the texture of the material when they are
brought into direct contact.

The conditions essential to producing a perfect
plate are thus summarised by Dr. Flagg, of New
York: “(1) No steam, oil, or other foreign sub-
stance, must be allowed to come in contact with
the material while it is plastic, or it will discolour.
(2) During the process of pressing the celluloid,
one portion of the blank must not be one degree
colder than another portion, or it will warp. (3)
The material must have its form changed at a heat

much higher than it is now used, otherwise it will
12



172 MECHANICAL DENTISTRY.

still have a tendency to return to its original posi-
tion, or, in other words, warp. This superior heat
‘must be obtained in an apparatus that is air-tight,
for if the superheated material can obtain oxygen,
either in the form of vapour or a current of air, it
will surely burn.” Various machines have been
introduced which more or less fulfil the above
conditions.

The “New Mode Heater,” invented by Dr.
Campbell, appears to be well adapted for producing
the best results that can be obtained by this means
of manipulating celluloid. The boiler, in this case
containing the steam, encircles a dry chamber in
which the flask is placed. The latter is closed by
a centre screw and three smaller ones, which are
worked from the top of the apparatus.* Mr.
Gartrell has also designed an apparatus for mould-
ing celluloid under the dry-heat conditions, and,
being fitted with his steam-gauge instead of a
thermometer, a more reliable indication of the heat
in the chamber is obtained.

There is yet another and a later process of filling
a flask with celluloid which is spoken very favour-
ably of by Mr. Gartrell and others, viz. the “ In-
jecting Process ;" and we believe that by this means,
rather than by the system of moulding “ blanks,”
even at the highest possible heat, will the tendency
to warping be satisfactorily removed.

The particles of the celluloid having been origi-
nally moulded under great pressure into the form
of blanks, however we may change these forms
under the influence of heat and pressure, if the heat

* Circulars giving full particulars and illustrations of these machines
may be had of C. Ash & Son, the Dental Manufacturing Co., &c.
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and pressure are not sufficient to entirely transform
the arrangement of the particles, the tendency
must, we should think, be ever to return to the
original form. When the moulding is effected at
a low temperature the return is very considerable
and very speedy. When, on the other hand, it is
effected at a very high temperature, the return, or
warp, is very slowly accomplished, and possibly,
after some years, the proportion of the warp may
be comparatively inconsiderable.

The ““Injecting Process ” is designed to enfirely
remove all tendency to warping, and it has other
recommendations which are obvious. It remains
to be proved, however, whether in some essential
respects reliable base plates can be made in this
manner.

The principle of injecting celluloid, or rubber, is
very simple. A special flask is of course required,
provided with a passage, or inlet-hole, through the
back wall of flask, through which the material is
afterwards injecied; two or more outlet-holes are
also provided.

When the case is placed in the lower section of
flask, the heel, or back edge of the pattern-plate,
must be on a level with the inlet-hole.

Before filling in the upper section, a wire is
pushed through the inlet-hole, and the end im-
bedded in the wax pattern-plate. This is for the
purpose of preserving a clear passage to the matrix.
And, for the same reason, wires (or bits of wax
taper will do) should be inserted in the outlet-
holes, pushing them as far as the wax.

The upper section is then filled in, and the flask

whret
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afterwards opened and cleared of wax in the usual
manner, and the wires abstracted from the holes.
The two parts having then been put together and
fastened suitably, the flask is secured by screw-nut
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Fig. 83. Fig. 83 a.

beneath the piston of the injecting-machine. Fig.
83 shows the injecting-apparatus, in the left-hand
drawing, detached from the boiler. The flask is
screwed on as described, and the principle of the
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process may be readily perceived. Fig. 83A shows
the boiler with injecting-apparatus z7z siZu.

The rods of celluloid which are placed in the
cylinder for injecting are readily prepared in the
following manner:—Take thick 6} A blanks; saw
out the centre, and then place the rim in a vessel
of clean boiling water. The cylinder is also dipped
in the boiling water, and, with a towel for protec-
tion from the heat, is held in the left hand. The
celluloid is then taken out of the water and pressed
into the cylinder with a twisting or screwing
motion; the whole is then dipped into cold water,
when the celluloid rod is easily pushed out of the
cylinder, and cleaned with a stiff nail-brush,
pumice powder, soap, and water.*

Injecting Celluloid into the Mould.—When the
heat is near the boiling-point of water, the piston
is driven into the cylinder by the screw to com-
press the celluloid and prevent escape of steam ; but
it is too soon at this heat to begin injecting the
mould; this must be delayed till the gauge indi-
cates 27 lbs. pressure, or a little under 30 lbs.; at
this point (at which the regulator hand of gauge
should be set before lighting boiler) the injecting
is begun by turning the lever a quarter of a turn
every fifteen seconds. From twelve to fifteen
minutes will pack an ordinary case.

Mr. Gartrell has quite lately designed a more
improved apparatus for the celluloid processes.
His pamphlets describe in much detail the various
stages of the operation, and we, on that account,
think it unnecessary to occupy more space on this

subject.
® ¢ Instructions in Celluloid,” Gartrell.




CHAPTER XIV.

ON THE CONSTRUCTION OF OBTURATORS AND
ARTIFICIAL PALATES.

THE palatal organs perform an important part in
the production of articulate speech; any defects,
therefore, in structure, or any departure even from
the ordinary type of formation, is accompanied by
an irregularity in the character of the produced
sounds more or less marked according to the
locality and extent of the defects. In cases of con-
genital fissure mastication and deglutition are not
interfered with to any great extent by the abnormal
condition of the parts. Practice, which under such
conditions commenced at birth, has no doubt in
the course of time developed powers in the sur-
rounding parts which in a great measure compen-
sate for those which are wanting. DBesides this,
the individual never having experienced a better
method in respect to the management of the food,
may be said to be unconscious of his misfortune.
But in the case of those to whom the defect has
come in adult life, discomfort and annoyance are
experienced in a very high degree. Therefore in
these cases it is necessary for com/for?, in all cases it
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is necessary in order to obtain distinct articulate
speech, to close these abnormal openings and to
restore as far as possible the functions of the lost
parts. To accomplish this by providing the patient
with an artificial substitute forms a branch of dental
art which has long engaged the attention of the
dental surgeon.

The earliest appliance made for palatal defect
of which we have any distinct record was that
made in 1585 by Ambrose Paré, an eminent French
physician. It consisted of a metal plate which
fitted over the opening, and to the upper surface of
which was fixed a pin with screw; by means of
this latter arrangement a piece of sponge was
held securely to that surface of the plate next the
fissure. 'When the case was placed in position
the sponge passed up into the fissure, and upon
absorbing moisture it spread out so as to form
upon the superior or nasal border of the latter a
kind of rivet which retained the appliance in place.
The objections to this description of obturator will
be readily understood. The repeated insertion and
extraction of these swollen pieces of sponge, which
was necessary, injured and increased the extent of
the defect. Besides this, the condition of sponge
under such circumstances quickly became such as
to render the case unwearable on account of its
odour. This point was referred to by Laforgue about
sixty years ago. He says, “They have always
the inconvenience of charging themselves copiously
with the fluids, of becoming heavy and falling out
of place, and of causing an odour insupportable for
the patients and for those who approach them.”

I3
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Even at the present day, however, this method of
securing an artificial palate the dentist is induced
sometimes to adopt. Fauchard in 1728 describes
a very ingenious appliance invented by him for
palatal defects. Instead of the sponge IFauchard
constructed on the upper surface of the plate an
arrangement of wings. While the obturator was
being inserted in the mouth, the wings stood
upright so as easily to pass through the opening ;
when the appliance was in place, the wings were
brought down to a more or less horizontal level,
thus they lay upon the nasal borders of the open-
ing and retained the plate securely to the palate.
This appliance and others contrived about that
time injured the natural parts with which they were
associated in a very serious manner, and in other
respects they were so clumsily fitted to the defec-
tive organs, that they were generally recognised
to be much more hurtful and inconvenient than
useful. About twenty-six years ago Mr. Stearns
invented a most ingenious and practically success-
ful description of artificial palate. The principle
upon which he acted was, that as the soft parts of
the palate are subject to muscular action, any
appliance made for these parts should be so con-
structed as to act in concert with all their move-
ments. DBy this means what may remain of the
soft palate communicates to the artificial velum
such motion as enables the latter to perform the
functions proper to the parts for which it is a
substitute. Figs. 84 and 85 give a view of both sides
of this instrument; it will be seen that it consists
essentially of two wings which in the drawings
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are a certain dis-
tance apartalong the
centre line; a third
part 1s provided
which covers the cen-
tral slit, but which
does not prevent the
wings from closing
when theedges of the
fissureapproacheach
other, as in the act
of swallowing. With-
in the last few years
an improved artifi-
cial palate has been
introduced by Pro-
fessor Kingsley. The
principle adopted is
the same as that
worked out by
Stearns, but the
palate itself, which
is made of soft rub-
ber, is much more
simple in 1its con-
struction.

Cases of palatal
defect are divided
into two classes, ac-
cording to the imme-
diate causes which
may have produced
them. First, those
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which are the result of arrested development—mal-
formations—are called “ congenital ;” second, those
which are produced by disease or otherwise are
called “accidental.” A distinguishing feature in
the two classes is, that the defect, so far as the
palate is concerned, is in congenital cases always in
the median line, whereas in accidental cases the
defect is generally on one side or other of that line.
When the cleft in congenital cases, however, pro-
ceeds in an anterior direction, involving the central
portion of the jaw and teeth, and ending in fissure
of the lip, it then may incline away from the
median line in the direction of one or other nasal
passage, or it may continue in the median line
involving both nasal passages. Accidental defects
vary much both as to locality and extent. There
may be a simple perforation only of the palate,
while in extreme cases, in the opposite direction,
the entire soft palate is destroyed, and a consider-
able portion of the hard palate and jaw with en-
closed teeth.

Artificial Appliances.—The two classes of cases
being altogether distinct as regards their origin,
the artificial appliances made for them ought also
to be distinct in their character and structure
Such is the opinion of modern practitioners who
have had special experience in this branch of
dentistry. Thus cases of accidental fissure may
be treated successfully with an obturator,* whereas

. ‘The term ‘‘obturator " is applied by Dr. Kingsley to all artificial
appliances intended to stop a passage, as all openings in the hard or
soft palate which have a complete boundary. Appliances made to

supply the loss of the posterior soft palate, whether accidental or con-
genital, he calls artificial palates or  vela,”
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this kind of instrument falls very far short of what
is required in the cases of congenital fissure. For
these an appliance must be constructed which
shall not only restore in appearance the lost parts,
but will also restore as far as possible the functions
which these parts in a normal condition perform.
Nevertheless many experienced practitioners do
not adopt this system of treatment, but construct
for all cases of palatal defect an instrument of a
similar character. This is a simple plate made to
cover the opening and to restore as far as possible
in superficial appearance only the lost parts; the
plate for defects in the hard palate is made of the
ordinary vulcanite, for those in the soft palate soft
vulcanite is employed. Thus it will be observed
that the designs of those -who advocate the first
method have a much wider reach than is the case
with those who adopt the second. In the former
case the ideal is perfect restoration, in the latter
only partial restoration is considered practicable.
The class of ““ artificial defects ” we may subdivide
into three species: first, those cases in which there
is a perforation of the hard palate; second, those in
which the perforation exists in the soft palate;
third, those in which there is partial or complete
destruction of the soft palate. This classification
might be extended to include one or more other
kinds, but the treatment necessary for the three
mentioned will indicate that which is proper for
all. For the first species—perforations in the hard
palate—an obturator is constructed which is rigidly
fixed to a more or less extensive plate, fitting to the
palate and teeth. In the second species of perfora-
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tion—through the soft palate—an obturator is also
constructed, but in order that the muscular move-
ments of which these soft parts are capable may
not be interfered with or controlled by the artificial
appliance, this obturator must not be rigidly fixed
to the main plate, as in the former case, but in such
manner that it will readily take part in all the
movements of the parts with which it is connected.
For the third species of defect, what is called an
artificial velum or palate is required.

Construction of Obturators.—Those openings in
the hard or soft palate, sometimes almost perfectly
circular, at other times very irregular in form, but
always completely surrounded by the natural parts,
do not generally present any great difficulty in the
course of treatment. It is of importance, in the
first place, that an accurate impression be obtained
of the opening and of the neighbouring parts of
the palatal surface, and also of the teeth, if there
are any standing. The only material which gives
satisfactory results for this work is plaster of Paris;
but in using it special care must be observed, for
if an excess of plaster be employed, this excess may
in the act of taking the impression be pressed
through the opening, and form over its superior or
nasal border a rivet of plaster, which may render
it impossible to withdraw the model without using
such an amount of force as may seriously injure
the natural parts. The following method may be
adopted in order to prevent the possibility of such
a difficulty arising. An impression having been
taken with “godiva” in the ordinary manner, is
cut to a slight depth over its surface; this surface
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is then covered with a thin stratum of plaster, and
the impression of the parts again obtained. The
small amount of plaster used in this method pre-
vents any such accident happening as that above
referred to. Or again, take a wax impression, and
make from it a plaster model; upon this form a
gutta-percha tray, imbedding in it a piece of wire
bent into suitable shape for handle. Into this
gutta-percha tray plaster is placed in a thin layer
over its surface, and the impression is then obtained
without risk. Before covering the surface either of
the “godiva” or of the gutta-percha, such portion of
the material as may have been pressed into the
opening must be removed, and also around the
defective part the surface of the material should be
reduced slightly, just sufficient to insure that only
the plaster will be pressed against these parts when
the second impression is being taken. A plaster
model having been made from the latter, it is next
necessary to form upon the model a pattern in
gutta-percha, which will exactly represent the
obturator as it is intended to be. The material of
which these substitutes are made 1s now almost
invariably vulcanite, and the method of procedure
to be adopted in constructing them differs in no
very material respect from that already explained
in connection with the ordinary artificial work. It
must be remembered, however, that as the most
perfect obturator would be that one which exactly
represented the lost parts, it is necessary in all
these cases to construct the work with great deli-
cacy, so that the appliance will as nearly represent
the normal outline of the parts as the circumstances




184 MECHANICAL DENTISTRY.

will allow. Thus it will be possible in some cases
to make a simple plug, which may be retained in
position by being attached to a skeleton plate fitted
with clasps. In other instances, however, it will be
necessary to cover the whole of the palate—for ex-
ample, where many or all of the natural teeth are
lost. Some dentists do not f#// the openings in the
palate with wvulcanite, but carry the plate clear
across in a line with its palate border. Professor
Kingsley, however, says that it is desirable that
the obturator should enter the perforation, to
restore, as far as possible, the lost portion of the
palate ; but it ought not to protrude into or in any
way obstruct the nasal passage, the entire freedom
of which is essential to the purity of articulation.

Those cases in which the defect is situated in the
soft palate require a more complicated appliance
than that just described, in order that the motion
of which these parts are capable may not be inter-
fered with, which would be the case if the opening
was filled by an extension simply of the rigid palate
plate.

We have, then, first a main plate, which extends
more or less over the hard palate, and which must
sit steadily in position; second, we have the
obturator or plug fitting into the opening in the
soft palate. What is required then is to unite the
one to the other in a sufficiently secure manner and
yet allow to the obturator perfect freedom to take
part in the muscular movements of the soft parts
with which it is associated. Several contrivances
have been tried in order to accomplish this; the
most common of these methods are spiral springs,

!
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band gold, and a simple joint. Of these, the last
arrangement is the most satisfactory. The band
gold if made sufficiently delicate will not maintain
its shape, and if made sufficiently strong for that
purpose it is then wanting in the elasticity neces-
sary to permit the perfect motion of the obturator.
The spiral spring arrangement is also objectionable,
though less so than the band gold. A case con-
structed with a joint is shown in Fig. 86. The
skeleton plate is made of gold, the joint also and
the strip of metal reach-
ing to the obturator are
made of the same metal.
The obturator B is made
of vulcanite, and it will
be observed that the
material enters the open-
ing and forms a flange (C
in the smaller figure)
around 1its superior or PR e
nasal border. This flange " Skeleton Gold Plate.
supports the obturator in

position, and the joint, which should be placed at
the junction of the hard and soft palates, permits
the necessary motion,

For cases belonging to the third species of acci-
dental fissure—those in which a partial or complete
destruction of the soft parts of the palate has taken
place—a substitute must be made of a soft and
elastic material; the delicate parts with which it must
come into contact renders this essential. Soft rubber
is admirably adapted for the purpose, and of that
material all artificial palates or vela are now made.
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Fig. 87 represents a case in which the entire
soft palate is gone. Here a substitute is formed
very simply by securing an apron of soft rubber
along the posterior or palate border of an ordinary
set of teeth. Fig. 88 represents the appliance
attached. A sufficient number of small holes hav-
ing been made along the edge of the plate, the at-

Fig. 87. Model of Defective Palate.

tachment is completed by stitching the soft rubber
plate to the other by means of silk or fine platina
wire.

In this case, the muscles of the palate being
entirely gone, there is no necessity to provide
specially for the perpendicular movement of the
substitute. 'Where there is only partial destruction
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of the soft palate, however, as in Fig. 89, an appli-
.ance is made upon the same principle as that ex-
plained in connection with Fig. 86. I'ig. go shows
this palate connected with an upper set of teeth.
The following explanation of parts is given in
Richardson’s “ Mech. Dent.,” p. 420. ‘“The wings
marked A and B are made of soft rubber; the
frame to support them is made of gold, with a

Fig. 88. Artificial Set of Teeth, with palate attached.

joint to provide for the perpendicular motion of
the natural palate,” as in the case of the obturator
represented in Fig. 86. “ When the artificial
palate is in use, the joint and frame imme-
diately contiguous lie close to the roof of the
mouth; the rubber wing, letter A, bridges across
the opening on the inferior surface or side next the
tongue; the wing, letter B, bridges across the
opening on the superior or nasal surface, and is
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also prolonged backward until it neari}r touches the
muscles of the pharynx when they are in repose.

F:g 80. Model of Defective Palate.

Both these wings reach beyond the boundary of

Fig. co. Set of Teeth and Art:ﬁma'.l Palate attached by joint,

the opening and rest on the surface of the soft
palate for a distance of from one-ecighth to one
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quarter of an inch, thus embracing the entire free
edge of the soft palate. This last provision enables
the natural palate to carry the artificial palate up
or down, as articulation may require.

When the organs of speech are in repose, there
is an opening behind the palate sufficient for respi-
ration through the nares. When these organs are
in action, a slight elevation of the palate, or a con-
traction of the pharynx, will entirely close the
nasal passage and direct all the voice through the
mouth. The palate thus
becomes a valve to open
or close the nares, and
to be tolerated must be
made with thin and deli-
cate edges which will
yield upon pressure. An
instrument thus made
will restore, as far as pos-
sible by mechanism, the _
functions of the natural  Fig or. Parts of which Artificial

alate (Fig. go) is composed.
organ.

In the case under description the patient was a
lady. The defect had existed for seven years before
remedy. Articulation was very defective; distinct
and perfect articulation followed within one month.

Fig. 91 represents the artificial palate separated
into its constituent parts. The frame is bent at the
joint, in the engraving, to show a stop, marked D,
which prevents the appliance from dropping out of
position. Letter C shows the tongue, which enters
the groove in the plate of teeth and connects them.
Letters A and B are the rubber flaps which are




190 MECHANICAL DENTISTRY.

secured to the frame by the hooks, as seen in the |
engraving.” '

We now come to consider the second class of
palatal defects.

Congenital Fissures.—It has been already ob-
served that many dentists treat these cases prac-
tically as those are treated which have an accidental
origin. The opinion has long been held, however,

Fig. g2. Model of a Case of Congenital Fissure.

that a different arrangement is necessary—an ar-
rangement by which the parts which have not been
developed naturally shall be as far as possible
represented artificially, and in such manner that
the functions which would have been performed by
the natural organs shall be performed by the arti-
ficial substitute. This was the principle according
to which Stearns constructed his most ingenious
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though complicated appliance, by which he pro-
vided that the muscular action which arose in the
remaining parts of the soft palate should be com-
municated to the artificial substitute. Thus the
natural parts were utilised as a motive power, as it
were, to set the artificial material in motion, and
make it accomplish the functions of a mnatural
palate.

The Stearns instrument has now been superseded,
however, by an appliance made according to the
same theory, and which accomplishes the same

Fig. 93. Artificial Appliance for Congenital Fissure.

object, while at the same time it is much less com-
plicated in its construction. Fig. 92 represents a
case of congenital fissure, and Fig. 93 an artificial
palate of this description made for the case by
Dr. Kingsley.*

Here it will be observed that the letters B, D D,
A A, indicate the parts which make up the palate

substitute. These parts are made of soft rubber,

|
* Professo: Kingsley, with whose name this description of artificial

paiate is identified, contributes a chapter upon this subject to Richard-
son’s ¢ Treatise on Mechanical Dentistry ” (p. 415). To that chapter we
are indebted for the details and illustrations connected with this pro-

CEss,
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and the whole may be removed from the main
plate, to which the appliance is connected only by
the pin €. This pin is securely fixed at one extre-
mity in the main hard rubber plate—which carries
the teeth and is continued back under D C in the
figure—at the other extremity C the head is con-
siderably larger than the rest of the pin. Now the
main plate having been constructed with this up-
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Fig. o4. Artificial Appliance in position upon model.

standing gold pin, and the artificial palate having
been constructed with a hole through its elastic
substance exactly according with the pin in posi-
tion, but smaller in diameter, the latter is then
forced through the hole in the artificial palate, and
the arrangement of parts is obtained as shown in
Fig. 93. The elasticity of the soft rubber permits
the large-headed pin, C, to pass, and at the same
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time the contracting force upon the latter is suffi-

cient to fix the parts securely together. The wings
D D reach over the inferior or palate surface of the
fissure; A A is a similar plate, but more delicately
formed, reaching across the pharynx, at the base
of the chamber of the pharynx, behind the remnant
of the natural velum. These wings, in their re-
lation to the natural parts and to the main plate of
hard rubber, will be best observed in Fig. o94.
The process B laps over the inferior surface of the
maxilla (the floor of the nares) and prevents all
inclination to droop.

- Method of Construction.—Taking the impression
in such cases, it will be at once seen, is an operation
which involves peculiar difficulties and which de-
mands special care. Plaster of Paris is the only
material which can be successfully employed for
this purpose. Professor Kingsley says in regard
to the parts of which an impression is necessary,
and also as to the method to be employed in order
to obtain the impression: “It is essential that the
entire border of the fissure from the apex to the
uvula should be perfectly represented in the model
as the parts are when in repose. It is also neces-
sary that the model show definitely the form of the
cavity above, and on either side of the opening
through the hard palate, being that part of the
cavity which is hidden from the eye. It is desir-
able also that the posterior surface of the remains
of the soft palate be shown, but this is not essen-
tial; but it is especially important that the anterior
or under surface be represented with relaxed
muscles and in perfect repose. The impression for

K
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such a model must be taken in plaster; it is the
only material now in use adapted to the purpose.
An ordinary Britannia impression-cup may be used,
selecting one in size and form corresponding to the
general contour of the jaw. This cup will be found
too short at the posterior edge to receive the palate,
but it may be extended by the addition of a piece
of sheet gutta-percha, which must be moulded into
such form as not to impinge upon the soft palate,
but which will reach under and beyond the uvula,
and thus protect the throat from the droppings of
plaster. DBefore using the plaster the posterior
edge of the gutta-percha extension may be softened
by heat and introduced into the mouth; contact
with the soft palate will cause it to yield, so that
there is no danger of its forcing away the soft
tissues when the plaster is used. With the pre-
caution not to use too much plaster, the first effort
will be to get only the lingual surface. After trial,
if the impression show definitely the entire border"
of the fissure, and the soft palate has not been.
pushed up by contact with the cup, nor pulled up.
by the spasmodic action of the levator muscles, it .
is all that is thus far desired. If, however, the soft
parts have been disturbed (which on close com-.
parison a little experience will decide), it is better:
to cast a model into the impression, and upon this:
model extemporize an impression - cup (in the:
manner already explained in connection with obtu--
rators, p.183). This temporary cup will have the ad-.
vantage of the former, insomuch that it will require:
but a film of plaster to accomplish the result,,
thus lessening the danger of disturbing the soft tis--
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sues. After the removal, if it is seen that any sur-
plus has projected through the fissure and lapped
to the floor of the nares, it may be pared off.

The next step will be to obtain, in conjunction
with this impression of the under surface, which we
will call the palatal impression, an impression of
the upper or nasal surface of the hard palate.

This can be done by filling the cavity above the
roof of the mouth with soft plaster down to the
border of the fissure, and, while yet very soft, carry-
ing immediately the palatal impression against
| it, and retaining it in that position until the plaster
is hard, which can easily be ascertained by the
remains in the vessel from which it was taken.
With the precaution to paint the surface of the
palatal impression with a solution of soap, to pre-
vent the two masses from adhering when brought
into contact, there will be no difficulty in removing
it from the mouth, leaving the mass which forms
the nasal portion zz st/w. With a suitable pair
of tweezers this mass is easily carried backward
and withdrawn from the mouth, and the irregular
surface of contact indicates its relation to its fellow
when brought together.

Fig. 95 shows such an impression. The por-
tion marked A B ¢ will readily be distinguished
as that which entered the nasal cavity. The line
of separation from the palatal impression is plainly
indicated. The groove marked D shows clearly
the impression made by the delicate uvula in the
soft plaster. The nasal portion is relatively large,
showing an unusally large nasal cavity.

The vomer lies between the projections marked

K 2
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A A, these projections entering the nasal pas-
sages. The surfaces marked B B came in con-
tact with the middle turbinated bones, the surface
marked C in contact with the inferior turbinated
bone. In many instances these turbinated bones
are so large as to nearly fill the nasal passages.”
Casting a model in plaster from the impression
is accomplished in a manner similar to that ex-
plained in connection with ordinary work, the
parts of the plaster marked A B C being with-
drawn from beneath towards the back of the model

Fig. 5. Plaster Impression for a Case of Congenital Defect,

after casting and separating. The latter should!
then be somewhat similar in appearance to Fig. g2..

Should the nasal portion of the impression not:
indicate accurately the superior surface of the soft:
palate, that part may be carved as near as possible:
to the dimensions required, the indications of
which may be obtained by the aid of a smalll
mirror and probe. It is next necessary to make:
to the model a pattern of the intended appliance;;
the best material to use for this purpose is sheett
gutta-percha. The form to be given is sufficientlyy




METHOD OF CONSTRUCTION. 197

indicated in Fig. 93. A mistake which is some-
times made is to bring the soft rubber through the
opening so as completely to fill the cleft from side
to side. By reference to the figures it will be seen
that this is carefully avoided. It must be remem-
bered that while the hard palate is incapable of
muscular action, and therefore permits us to bring
the rubber through the cleft, as at B C, in order to
obtain a hold for the case, the soft palate which
commences at the posterior boundary of B Cis
capable of muscular action; the sides, for example,
approach towards each other, and therefore only
a thin partition of rubber is permissible, in order
that that movement may not be interfered with.
Other movements besides this one must be pro-
vided for by making the wing A very thin and
delicate ; it occupies the chamber of the pharynx,
and is subject to constant muscular movement.
“The sides are rolled slightly upward while the
posterior end is curved downward. The inferior
portion marked D D should only reach to the base
of the uvula, and bridge directly across the
chasm at this point, and no effort to imitate the
uvula should be made. The extreme posterior end
should not reach the posterior wall of the pharynx
when all the muscles are relaxed by a quarter of
an inch, although subsequent use must determine
whether this space be increased or diminished,
thus leaving abundant room for respiration and
the passage of nasal sounds. In cases where it is
desirable to make the instrument independent of
the teeth as far as possible in its support, the
anterior part which occupies the apex of the fissure
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in the hard palate may lap over on to the floor of
one or both nares. Such a projection is seen in
Fig. 93 marked B, and a like process is seen in
Fig. 98 but not lettered. Were it not for this pro-
cess in this case the palate would drop out of the
fissure into the mouth, the single clasp at the
extreme anterior end not being sufficient to keep
the whole appliance in place throughout its entire
length. Caution must be exercised that this pro-
jection entering the nares be not too large, or it
will obstruct the passage and give a disagreeable
nasal tone to the voice.

““ All these described peculiarities must be pro-
vided for in the gutta-percha pattern, which, after
having been carefully formed to the cast, may be
tried in the mouth to ascertain its length or neces-
sary variations. When its ultimate form has been
decided upon, provision must be made to duplicate
it in soft rubber.”

To make a satisfactory duplicate in soft rubber,
type metal models must be used to fire upon in-
stead of the plaster one, as with ordinary work, for
this reason: the plaster leaves an unfinished sur-
face, which in hard rubber may be dressed, but in
soft rubber can not. Professor Kingsley advises,
however, that as it is difficult for a beginner to give
the necessary delicacy of form to the gutta-percha
pattern, a hard vulcanite pattern piece should be
made from the gutta-percha one, using plaster and
a flask as in ordinary work ; the hard rubber may
then be easily dressed to the delicate shape required
for the artificial palate. After a little practice in
the work vulcanite patterns may be dispensed with.
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To obtain in soft rubber a duplicate which will
consist of one continuous piece requires a mould
to be made of the pattern in four pieces. This is
the most desirable form in which to make the ap-
pliance, but to make such a mould requires consi-
derable mechanical skill, in order that all the parts
may fit accurately together. Therefore Professor
Kingsley advises beginners to make the palate in
fwo pieces instead of one continuous piece. By
adopting this method it can be constructed with

Fig. g6. Artificial Palate made in two pieces.

very little trouble. The mowa is also made in two
pieces, and, after vulcanizing, the palate pieces are
joined.

Fig. 96 shows a palate prepared in this manner.

Fig. g7 shows the mould or flask in which it is
vulcanized.

“ These flasks,” says the same author, “ were
made expressly for this purpose, but they are not
so unlike the flasks in common use in dentists’
laboratories that the latter will not answer. The
common flask is simply unnecessarily thick or deep.

W -
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“1he mould is readily produced in the following
manner. Imbed the two pieces of the palate in

Fig. 97. Moulds in which the Appliance (Fig. g6) is Vulcanized.

Plaster in one half of the flask ; when the plaster
1s set and trimmed into form, duplicate it in type
metal by removing the palate, varnishing the sur-




METHOD OF CONSTRUCTION. 201

face, moulding in sand, and casting. In making the
sand mould, take a ring of sheet iron of the same
diameter as the flask and three or four inches high,
slip it over the flask, and pack full of sand. Sepa-
rate them, remove the plaster, return the flask to
the sand mould, and fill with the melted metal
through a hole made in the side or bottom of the
flask. With one-half thus made, substantially the
Same process will produce the counterpart. Iig.
98 shows the palate complete with its attach-
ment to the teeth. The palate is secured to the
plate by a pin of gold passing through a hole in

Fig. g8, Appliance completed and ready for insertion.

the palate of the same size, the head on the pin
being larger than the hole it is passed through, and
thus the two halves of the palate are bound to-
gether and joined to the plate.

“Fig. 99 shows a mould in four pieces. The
blocks ¢ C are accurately adapted to the body of
the mould marked A, and are prevented from
coming improperly in contact with each other by
the flanges D D, which overlap and rest upon the
sides of the main piece. B shows the top of the
mould, and the groove E provides for the surplus
rubber in packing.

" «Such a mould makes the most perfect appliance

K3
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that can be produced. The palate is one homo--
geneous and inseparable piece. The cut will suffi--
ciently indicate the forms of the several parts..
Each of these pieces is first made in plaster off

vy
LN
[ |I

Fig. 99. Moulds required in order to make Palate in one piece,

exactly the form of which the type metal is desired..
They are then moulded in sand, and the type metal!
cast as in making an ordinary die for swaging.”

3 When the parts have been obtained in metall
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and accuralely fitted, it is then necessary to pack
with the soff rubber in a manner similar to that
adopted in ordinary work. If the surface of the
metal be washed with a thick solution of soap
previous to packing, the palate will be more easily
removed after vulcanizing.

The soft rubber which we have found best
adapted for this work is that known as ‘“ Mr. Ram-

sey’s.” It may be purchased at the depdts. Much
longer time must be given for wvulcanizing this

e e ey T -

Fig. 100. Frame in which the Mould is held during Vulcanizing.

material than what is required for the ordinary
hard rubbers, and the temperature must not rise
above 280° Fah. That recommended by Mr.
Ramsey is—two hours at 240° two hours at 2607,
and two hours at 280°. In all six hours after the
temperature has reached 240°. Dr. Kingsley found
‘that for the soft rubber sold by the American
Company the best vulcanizing time is four or five
hours, during which time the heat should rise

" gradually from 230° to 270"




CHAPTER XV.
VULCANITE.

CAOUTCHOUC, gum-elastic, or india-rubber, occurs
as a milky juice in several plants; it is, how-
ever, extracted chiefly from the Szphonia elastica,
which grows in South America and Java. Inci-
sions are made into the bark of the tree, and the
juice, which is by this means discharged, is spread
upon clay moulds, and dried in the sun, or with the
smoke of a fire, which blackens it.

‘“ The specific gravity of caoutchouc is 0’925, and
it is not permanently increased by any degree of
pressure. By cold or long quiescence it becomes
hard and stiff. When the milky juice has become
once coherent, no means hitherto known can restore
it to the emulsive state. By long boiling in water
it softens, swells, and becomes more readily soluble
in its peculiar menstrua ; but when exposed to the
air it speedily resumes its former consistence and
volume. It is quite insoluble in alcohol; but in
ether deprived of alcohol by washing with water
it readily dissolves, and affords a colourless solution.
When treated with hot naphtha, distilled from native
petroleum or from coal tar, it swells to thirty times
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its former bulk; and if then triturated with a
pestle and pressed through a sieve it affords a
homogeneous varnish, which being applied by a flat
edge of metal or wood to cloth, prepares it for
forming the patent waterproof cloth of macintosh.
Two surfaces of cloth, to which several coats of the
above varnish have been applied, are, when par-
tially dried, brought evenly in contact, and then
passed between rollers in order to condense and
smooth them together. This double cloth is after-
wards suspended in a stove-room to dry and to
dispel the disagreeable odour of the naphtha.

“The best solvent is a mixture of 100 parts of
bi-sulphide of carbon, with from 6 to 8 parts of
anhydrous alcohol.

“Vulcanization.—Of all the changes effected by
chance, observation, or chemial experiments of late
years, few cases have been so important as the
change in india-rubber by the process called vul-
canization,

“ When caoutchouc is mixed with from 2 to 10 per
cent. of sulphur, and then heated to 270° and 300°,
it undergoes a change, it acquires new characters,
its elasticity is greatly increased and is more
equable ; it is not affected nor is the substance
altered by cold, no climate effects a change, heat
scarcely affects it, and when it does it does not
become sticky and a viscid mass ; if it yields to a
high temperature it is to Lecome harder, and will
ultimately yield at the advanced temperature to
char and decompose.” *

The first movement towards this new manufacture

* Ure's Dictionary,
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appears to have been made in America by Mr.
Goodyear, who, having made a contract for india-
rubber mail bags, found that they “softened and
decomposed in service, and while he thought a
permanent article had been made, the colouring
materials and the heat united to soften and to
destroy the bags; hence by this failure distress of
all kinds arose, and the trade was at an end.” This
moved Mr. Goodyear to make certain experiments.
He tried heating the substance, and found it charred
like leather instead of melting as gum elastic does,
when exposed to a high heat. The idea thus gained
was the germ from which the process of vulcaniza-
tion was derived.

The mixture of sulphur and other substances with
the india-rubber was not new, several patents
having been taken out in England and America for
mixing with these substances, simply in order to
-get rid of the tendency which the pure or unmixed
rubber has to adhere. But no one had any idea
that heat would make a further and remarkable
change upon this mixed substance, until Goodyear
accidentally discovered the new fact. “The general
method 1s to incorporate sulphur with caoutchouc,
and submit it to heat; if any particular form is
required, the mixture is placed in moulds, and takes
off any delicate design that may be upon the metal
mould, and if these are submitted to higher degrees
of heat, the substance and evolved gases expand,
and thus a very hard, horny, and light, but very
strong substance is produced, called hard india-
rubber, or ‘vulcanite.”” The term vulcanization was

given by Mr. Brockedon to this process, which

(™
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seemed by the employment of heat and sulphur to
partake of the attributes of the Vulcan of mythology.
For the “change” or “vulcanizing,” to get a yielding
but permanently elastic substance, steam heat is
usually employed in IEngland, but in America
ovens with various plans for producing dry heat
are generally employed.

TABLE OF ELASTIC FORCE OF STEAM, QUOTED
FROM RESULTS OF THE EXPERIMENTS OF THE
COMMISSION OF THE FRENCH ACADEMY AP-
POINTED BY THE FRENCH GOVERNMENT TO
INVESTIGATE THIS SUBJECT.

Elqsticit;r-ﬂf Steam p =4
t;l:;g:}; r:: 3 'l:ﬁz;c Temp. Fah. rcssuir: Fﬂ:si TR
deg. deg.
I 212 147
1} 23396 22'05
2 250°52 29°4
2% 26384 36'75
3 : 27518 441
3} 285-08 51°45
4 20372 588
4% 30028 66715
5 30795 138
53 31424 8083 I
O 32036 88-2 !
6% 326.--;6 Igg-gs
331 3
;g 336°86 11085
8 341°78 1176
9 35078 132°3
10 358-88 147
11 306-85 1617
12 374 176°4
13 38066 191°1
14 386*5% 2058
15 3928 220'5
16 39848 235'2
17 40382 2499
18 40892 2046
19 41378 2793
20 41846 204







CHAPTER XVI.
METALS USED IN DENTISIRY.

Gold.—(Sym., Au.; At. wt., 19°7).—Gold has
now been detected in almost every kind of rock,
and in all parts of the world; but it is usually
found associated with the older rocks and in the
sands of those rivers which pass through them. It
is chiefly met with in the metallic state, sometimes
crystallized in cubes and its derivative forms. It
also occurs in threads of various sizes, twisted
and interlaced into a chain of minute octa-
hedral crystals, and in spangles or rounded grains,
which are called nuggets when of a certain size.
The small grains are not fragments broken from
a greater mass, but show by their flattened ovoid
shape and their rounded outline that this is their
original shape.*

Pieces of gold weighing more than a few ounces
have rarely been met with in nature, yet some of
considerable size have been recorded. In Siberia,
according to Humboldt, large pieces have been
found ; the largest weighed 27 lbs., and is in the
Imperial Museum. A piece weighing 28 lbs. was

*® Kerl’s ¢ Metallurgy.”




210 MECHANICAL DENTISTRY.

found in 1828 at Reid’s mines, Cabarras County,
North Carolina. In the drift near La Paz, in Peru,
a mass 59 lbs. in weight was obtained; whilst in
our own colonies one weighing 106 lbs. was dug
out of the quartz rock near Bathurst. The latter
contained upwards of g1 per cent. of pure gold and
nearly 8% per cent. of silver, being as pure as the
English sovereign.*

Physical Properties of Gold.—Pure gold is softer
than silver, and possesses malleability and ductility
in a greater degree than any other metal. It may
be beaten into leaves so thin as to require 251,154
folds to make one inch in thickness. The coating
of gold upon ordinary gold lace is yet thinner,
because in making it a small cylinder of silver is
covered with 1-48th its weight of gold, and drawn
into wire which is rolled until 11'8 feet in length
weigh but one grain.

Reamur covered a cylinder of silver with 1360
its weight of gold. It was drawn into a wire, of
which 6 feet weighed one grain, and then rolled to
a width of 1-48th of an inch, which increased its
length to 7°5 feet; and yet the silver was so com-
pletely covered that the microscope failed to detect
the least appearance of it. The tenacity of gold is
less than that of platinum, copper, and iron. A
weight of 173'3 1bs. is sufficient to break a wire
whose diameter is 0°0784 inch, or nearly 1-13th of
an inch. Its tenacity is lessened by hammering,
but its stiffness and elasticity are increased. The

tenacity may be restored by exposing the metal to
sufficient heat.

* Cooley, * Cyclop.”
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Whilst passing from the liquid state it con-
tracts more than any other metal. According to
Berthier the specific gravity of gold after melting
is19°258. This density is increased in proportion as
it is hammered, the maximum being given as 19°635.

For a detailed account of the metallurgical pro-
cess of refining gold, as well as for the methods
adopted by the assayer, we would refer the reader
to the ‘“Manual of Metallurgy,” by Makins, or
Ure’s “Dictionary of Arts;” a description of the
humid process of refining, however, which the
dentist might wish to adopt for intractable scrap
or lemel, is here given.

To refine Gold by the Humid Process—To ac-
complish this the metal must be submitted to the
action of either nitric acid or of aqua regia. If
it be intended to use the nitric, then the gold must
first be melted along with an excess of silver (21
silver to 1 part gold), and the alloy should be
granulated by pouring the melted metal from a
considerable height into a deep vessel of water.
The grains having been carefully collected are then
placed in a basin or suitable German flask, and
treated with nitric acid, as follows :(—

Alloy of gold . . . . [0z

Nitric acid (sp. grav. 1 3} o+ o 2kto 3 o
The time required for the acid to do its work of
dissolving the silver depends upon its tempera-
ture; if cold it will require several hours, but if it
be heated to boiling the action is very rapid. The
fluid, after this has been satisfactorily accom-
plished, is poured off into a second basin, and the
gold may be subjected to the action of a smaller
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quantity of fresh nitric acid ; this, when it has done:
its work, is also poured into the second basin; the:
gold remaining in the first is then carefully washed .
and dried, when it is placed in a crucible and
melted with a little borax ; the resulting “button™

. of gold is then alloyed, melted, and poured, as

~ already described at p. 35.

The silver which is held in solution in the nitric
acid poured off, is precipitated by adding common
salt, which throws the metal down in the state of
white powder. Before adding the salt dilute the
acid copiously with water.

The precipitated metal is washed and dried, and
melted in the same manner as the gold.

In refining by means of aqua regia the gold
requires no addition of silver to be made to it; but
it should be rolled very thin, or granulated, before
submitting it to the acid. Aqua regia is composed
of 3 parts of hydrochloric acid and 1 of nitric. For
t oz. of gold alloy, use 4 ozs. of aqua regia. The
flask is then heated on a sand bath, and when the
desired effect has been produced the solution is
poured off; and the residue of chloride of silver is
boiled again with a smaller quantity of aqua regia,
then washed with distilled water and reduced.
The gold held in the solutions poured off is preci-
pitated by adding protosulphate of iron dissolved
in clean rain-water. “Itis to be added gradually
to the gold solution as long as a precipitate is
found, and even longer, as an excess will the better
insure the precipitation of all the gold. The gold
thus precipitated is a brown powder, having none
of tne appearances of gold in its ordinary state,




TO CALCULATE THE ALLOY REQUIRED. 213

The solution should now be filtered, or the gold
should be allowed to settle to the bottom, where it
may be washed after pouring off the solution. It
is better to filter than decant in this case, as fre-
quently particles of the gold float on the surface,
and would be lost in the washing by the latter
process.

“ Minute traces of iron may adhere to the gold
thus precipitated. These can be removed by
digesting the gold in dilute sulphuric acid, and
when the process is properly conducted thus far
the result is pure gold, which may be melted under
carbonate of potash, in a crucible lined with borax,
and reduced to the required carat.” *

“The chloride of silver may be reduced by melt-
ing it with carbonate of potash or, better—accord-
ing to Guy Lussac—with freshly burned lime.” +

TO CALCULATE THE AMOUNT OF ALLOY REQUIRED
FOR GOLD PLATE.

[The following table is given by Professor Austen, and shows the
amount of fine gold in the various carats. ]

Fractions. Carats. Decimals.
Pure gold . : g I 24 1000
English coin i : 4% 22 9166
American coin . : 15 21'6 goo
Dentists’ gold, best & 20 833
> s pgood 3 19°2 8oo
Jewellers’ gold, best . i 18 750
’ ,» good I5 625
G s COMIMON 12 500
Commonest solder i 8 3333

# Prof. Watts, * Dental Register of the West.”
+ Kerl, ¢ Treatise on Metallurgy.”
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The table gives the amount of pure gold, sub-
tracting which from the number at the head of
each column will give the amount of alloy. For
example, the bestjewellers’ gold contains 18 carats
of pure gold; subtract 18 from 24, the number at
head of column, gives 6 parts of alloy; or take
the fraction column, 2 pure gold and 1 alloy; or
the decimals, 750 parts pure gold and 250 parts
alloy.

Various formule are given for reducing gold
from a higher to a lower standard. The following
is by Professor Austen: “Divide the lower carat
(¢) by the difference between the lower carat (c)
and the higher (C); divide the weight (w) of the
gold by this quotient, and it will give the amount
of alloy to be added. This expressed in algebraic
formula is—

C
C—c

A=W =

Suppose the weight is 2o dwts., the carat 24, it is
required to reduce this to 18-carat gold; divide
the weight 20 by 3 (which is the quotient after
dividing the lower carat by the difference between
the lower and the higher), this gives 6 dwts. 16 grs.
as the amount of alloy required.”

Professor Watt* gives the following formula :
“To reduce gold to a required carat, the propor-
tion may be expressed as follows: as the required
carat is to 24, so is the weight of the pure gold
used to the weight of the alloyed mass when re-
duced. The weight of gold subtracted from this

* ‘Dental Register of the West.”
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gives the quantity of alloy to be added. For ex-
ample, reduce 6 ozs. of pure gold to 16 carats.

33 SR S S R -

Six subtracted from g9 leaves 3, which is the
quantity of alloy to be added. As another ex-
ample, reduce 1 dwt. of 22-carat gold to 18 carat.
As the gold is only 22 carats fine 1-12th of it is
already alloy. The 1 dwt. therefore contains but
22 grs. of gold. The statement is therefore thus
expressed—
18 ; 24 13 22 ;| 20%

Twenty-two subtracted from 291 leaves 71. There-
fore each dwt. of 22-carat gold requires 73 grs. of
alloy to reduce it to 18 carats.”

To ascertain the Carat of any given Alloy.—As
the weight of the alloy is to the weight of gold it
contains, so is 24 to the standard sought. For
example, take Harris's No. 3 gold solder :—

Pure gold . . : . . 6 parts.
Pure silver . : = . . 2 iy
Pure copper . . . o & g
Total . . . . . « 9y

The proportion would be expressed thus :—
gl 2 2D
As another example under the same rule take
Harris’s No. 1 solder :—

22-caratgold . . . . 48 parts,
Pure silver. s Ups . 16
Pure copper I2

Tl}ta] " - - L3 L] » “?E 1y
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As the gold used is but 22 carats fine, 1-12th of
it is alloy; 1-12th of 48 is 4, which subtracted from
48 leaves 44. The statement then is :—

76 044 1024139

The solder therefore falls a fraction below 14
carats.

To raise Gold from a Lower to a Higher Carat.
—Gee gives the following. The numeral 20 repre-
sents 20 dwts. of gold, which is to be raised from
g-carat to 15-carat. The 15 represents the carat
required ; the 9 represents /e difference between
the required carat and 24.

20 M 15 = 300
20 X 9 = 1%
300 — 180 = 120
120 = g = 13dwts.8 grs,

“ Therefore to every ounce of g-carat gold we
shall have to add 13 dwts. 8 grs. of fine gold to
make 15-carat gold.”*

Supposing we have a piece of gold of a certain
carat, and we wish to raise it to a higher one, then
the weight of the gold is multiplied by the required
carat, also by the difference between the required
carat and 24; the difference between the two
products is then divided by that between the

required carat and 24; the result gives the fine
gold to be added.

* ¢ Practical Goldworker " (Gee),
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TABLE SHOWING THE PROPORTION OF ALLOY TO
BE ADDED TO 1 Oz. oF FINE GOLD IN MAKING

THE FOLLOWING QUALITIES.

MECHANICAL DENTISTRY.

Qualities. Fine Gold. Alloy added. Total,
Carats, ozs. dwts. grs, ozs. dwts. grs. ozs. dwts. grs.
23 I o] 0 0 0 20 I 0 20
22 i S G o ¥ 18 § X w28
21 I O O 0 2 20 I 2 20
20 1 8] (8] 0 4 O I 4 8]
19 I O O© g 5 & 1§ 6
18 I O , 0 S i JT5 1 6 16
17 I 0o I - 1 8 3§
16 | . 6, A0 D I I 0
15 I @ B 0 I2 © A

TABLE GIVING THE WEIGHTS OF PIECES oF GOLD

OF THE SAME DIMENSIONS, BUT OF DIFFERENT
CARAT VALUE.

Qualities.

23
og
20
18
I5
13
12
10

-5 0o\

From the above table an approximate estimate,
therefore, may be made of the value of any piece

of gold,
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TABLE oF VALUE.

Qualities. £ 5, d.
24-carat gold costs peroz. 4 6 o
23 13 1 19 33 + 2 6
iz . & o = 3 Ig @
21 ry M %y ¥y 3‘ IS 6
20 Lk ] LR " EE | 3 Iz O
I % o w3 BUS
18 ,, T 3 T 3 § ©
I:? L3 ] ¥ n LR ] -3 I ﬁ
16 ,, g = o 2 18 o
- e & P 2 14 &
7 - o i - S ) T
13 ry b 3y 1 2 ? 6
12 13 LE i i 2 4 o
IE i = = 2" a b
10 33 3] HE ] 1y I I? o
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Platinum.—(Sym., Pt.; At. wt, 985).—“A
metal of a greyish white colour, harder than silver,
and of about double its density, being of specific
gravity 21. It is so infusible that no considerable
portion of it can be melted by the strongest heats
of our furnaces. It is unchangeable in the air and
water, nor does a white heat impair its polish. The
only acid which dissolves it is the nitro-muriatic
(aqua regia).

Great improvements in refining platinum have
been introduced by Messrs. Deville & Debray.
In a furnace composed of blocks of lime the
platinum is fused by means of the oxyhydrogen

flame.” *
* Ure’s “ Dictionary of Arts.,”
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Platinum Alloys.—7 parts of platinum and 3 gold’
form an alloy infusible in the strongest blast--
furnace. Alloys containing a large proportion of
gold fuse at that degree of heat (Prinset). 2 parts
platinum and 1 gold form a brittle alloy; 1 part
platinum and 1 gold form a very malleable alloy
having nearly the same colour as gold. The alloy
of 1 part platinum and g'6 gold has the colour of
gold and the density of platinum. 1 part platinum
and 11 gold form a greyish white alloy, like tar-
nished silver.

Szlver unites with platinum in all proportions.
A very small quantity renders silver hard. Hot
oil of vitriol dissolves out the silver from the alloy
and leaves the platinum.

With copper, platinum does not combine below
a white heat.

Lead unites very easily with platinum. 1 part
of spongy platinum and 2'7 of lead heated to red-
ness together combine without visible combustion,
and form an easily fusible compound which has the
colour of bismuth, splits under the hammer, and
exhibits a fibrous texture.

Equal parts of platinum and paelladium unite
somewhat below the melting point of the latter,
forming a grey alloy as hard as wrought iron,
having a specific gravity of 15'141, less ductile than
the alloy of palladium and gold.

Palladium.—(Sym., Pd.; At. wt., 53-36).—The
specific gravity of palladium is 11'8 to 12°14. It is
found in native platinum, also as an alloy with
gold, in Brazil, and in many varieties of native
gold. It is one of the hardest of the metals;




PALLADIUM—SILVER. 225

colour not so bright as that of silver; it is malle-
able, ductile, and capable of being welded. Palla-
dium is more oxidisable than silver, for it tarnishes
in air at the ordinary temperature. When heated in
air it becomes blue at first from partial oxidation ;
but if the temperature be increased, this colour dis-
appears and its brightness returns. It is remark-
able that, though silver tarnishes, and palladium
does so in a still greater degree, an alloy of the two
metals does not tarnish, and such an alloy is on
account of this valuable property frequently used
by dentists as a base on which to mount the
artificial teeth.

The union of palladium with gold injures the
colour, and even 1 per cent. may be detected
by sight and 5 per cent. renders it a silver colour,
while about 10 per cent. destroys it; but the
ductility of the alloy is not much injured.

The alloys of silver and palladium may be made
in any proportions; it has been found that even
3 per cent. of palladium prevents silver tarnishing
so soon as without it, 10 per cent. very considerably
protects the silver, and 30 per cent. of palladium
will prevent the silver being affected by fumes of
sulphuretted hydrogen unless very long exposed.
The latter alloy has been found useful for dental
purposes, and the alloy with less proportions—say
10 to 15 per cent.—has been used for graduated
scales of mathematical instruments.*

Silver.—(Sym., Ag.; At. wt, 108).—* When
pure and polished, silver is the brightest of the
metals. Itsspecific gravityin the ingot is 10°47; but

¢ Ure,
L3

e
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when condensed under the hammer or in the coin-
ing press it becomes 10°5. It melts at a bright red
heat, at a temperature estimated by some as equal
to 1,873° Fah. It is exceedingly malleable and
ductile, affording leaves not more than 3g55¢ of
an inch thick, and wire far finer than a human
hair. By Sickington’s experiments, its tenacity is
to that of gold and platinum, as the numbers 19, 15,
and 26}, so that it has an intermediate strength
between these two metals. Pure atmospheric air
does not affect silver, but that of houses impreg-
nated with sulphuretted hydrogen soon tarnishes
it with a film of brown sulphide. Itis distinguished
chemically from gold and platinum by its ready
solubility in nitric acid, and from almost all other
metals by its saline solutions affording a curdy
precipitate with a most minute quantity of sea-salt
or any soluble chloride.” *

Silver is used in combination with palladium in
the proportion of 100 silver to 3o palladium, to form
an alloy sometimes used for “base plates.” It is
also alloyed with platinum for the same purpose.

Copper.—(Sym., Cu.; At. wt., 31'7).—One of the
metals most anciently known. It was named from
the island of Cyprus, where it was most extensively
mined and smelted by the Greeks. It has a red-
dish brown colour inclining to yellow, a faint but
nauseous and disagreeable taste, and when rubbed
between the fingers imparts a smell somewhat
analagous to its taste. Its specific gravity is from
8'8 to 8+9. It is much more malleable than ductile,
so that far finer leaves may be obtained from it

* Ure.
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than wire. Its melting point is stated to be 1,996°
Fah.; at a higher temperature it evaporates in
fumes which tinge flame a bluish green. By ex-
posure to heat with access of air, it is rapidly con-
verted into black scales of protoxide. In tenacity
it yields to iron, but considerably surpasses gold,
silver, and platinum in this respect.

Aluminium.—(Sym., Al.; At. wt., 13'7).—This
metal is extremely light, its specific gravity being
only 256 ; thus gold is more than seven times, and
platinum more than eight times, heavier. Its colour
is white, but with a bluish tinge resembling lead,
and its fusing point is between the melting points
of zinc and silver. It is not acted upon by cold
nitric acid, very slightly attacked by dilute sul-
phuric, but readily dissolved by hydrochloric acid
with evolution of hydrogen.

Alloys of Aluminium.—NVery small quantities of
other metals suffice to destroy the malleability and
ductility of aluminium. With 1-20th of iron or
copper it cannot be worked, and 1-10th of copper
renders it as brittle as glass. Silver and gold pro-
duce brittleness in a less degree. An alloy of
5 parts oi silver with 100 of aluminium is capable
of being worked like the pure metal, butitis harder
and therefore susceptible of a finer polish; whilst
the alloy containing 10 per cent. of gold is softer,
but, nevertheless, not so malleable as the pure
metal. The presence of even 1-1,000th part of bis-
muth renders aluminium brittle in a high degree.

Copper alloyed with only 1-10th of its weight of
aluminium has the colour and brilliance of gold,

and is still very malleable.

e
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Aluminium may be gilded by being dipped into
a solution of the hyposulphate of gold, after it has
been well cleaned by the successive use of potash,
nitric acid, and water.

It is soldered with difficulty. The most success-
ful method is to coat the aluminium with copper by
the electrotype process, after which soldering can be
effected in the usual way. Otherwise the soldering
should be effected in the following manner. The
pieces of aluminium intended to be soldered must be
prepared in the same manner as objects are treated
for soldering with “tin,” viz. by a tinning, but this
tinning must be done with the solder itself. The
pieces to be soldered thus “tinned” beforehand are
afterwards bound together and exposed to the flame
of either a glass blowpipe or other source of heat.
In order to unite the solderings, small tools of
aluminium are used. These tools are used as little
soldering instruments, and they facilitate at the
same time the fusion of the solder and its adhesion
to the previously prepared aluminium. Use no
flux to make the solder melt. The use of the little
tools is an art which the workman must acquire by
practice; in fact at the moment of fusion the solder-

ings must have the friction applied as they melt
suddenly in a complete manner.

SOLDERS FOR ALUMINIUM.

—

T+ 2. 3. 4.

— -
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Zinc . . . 8o 85 88 90
Copper .« . 3
Aluminium . 12
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No. 1 is most fusible. No. 4 is most preferred,
particularly for smaller objects.

In making the solder, the copper is first melted,
the necessary aluminium is added and stirred with
an iron spatula (unpolished as it comes from the
blacksmith). The zinc is then added, avoiding too
much heat, as this last metal is easily oxidized and
very volatile.

Zinc.—(Sym., Zn.; At. wt., 32'5).—This metalis
of a bluish white colour, of considerable lustre when
broken, but easily tarnished by the air; its fracture
is hackly, and foliated with small facets irregularly
set. It has little cohesion, and breaks in thin plates
before the hammer unless it has been previously
subjected to a process of lamination at the tempera-
ture of from 220° to 300° Fah., by which it becomes
malleable and ductile.

The specific gravity of zinc varies from 6°9 to 72
according to the degree of condensation to which it
has been subjected. It melts under a red heat at
773° Fah. 'When strongly heated with contact of
air, the metal takes fire and burns with a brilliant
bluish white light. The result of this combustion
is the white powder ‘ ozide of zinc.”

The malleability of zinc depends in a certain
degree upon the temperature at which it has been
melted: when cast near the temperature of its
melting point, it is more malleable than when cast
at a higher temperature.

The discovery that zinc is malleable is compara-
tively recent, and since that time the rolling of zinc
has become a manufacture of considerable import-

ance.®
* TUre,
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Reduction of Zinc by Carbon and Carbonic Oxide.—
The oxide is reduced by either of these agents at a.
strong red heat. In order that complete reduction
should be effected by carbon, it is not necessary
that the oxide of zinc and solid carbonaceous
matter should be intimately mixed *

Lead.—(Sym., Pb.; At.wt.,103'572).—Lead is of
a bluish grey tint; its specific gravity is 11°4, and
it is the softest metal in common use. Lead is
very malleable, and may be rolled into thin sheets,
but its ductility is not great, and it cannot be drawn
into fine wire.

When a pig of lead is heated to a certain degree
bordering on its melting point, and then struck
sharply with a hammer, it breaks into pieces hav-
ing a remarkable columnar structure, like tin
similarly treated.

When two plane and perfectly clean surfaces of
lead, such as may easily be produced by cutting
the metal with a sharp knife, are pressed together,
they adhere with great tenacity.+t

Mercury.—(Sym., Hg.; At. wt., 100),—“ Mercury
is often found native in globules disseminated
through its ores; it occurs also combined with
silver and with gold in the form of amalgams,
also as iodide and chloride, and very rarely as
selenide; but the most abundant ore is the sul-
phide, or cinnabar, from which nearly all the
mercury of commerce is obtained. Its most impor-
tant mines are those of Idria, in Illyria, and of
Almaden, in Spain. At Almaden it is found in
veins, often nearly fifty feet thick, traversing

* Percy's ‘ Metallurgy.” + Ibid.




MERCURY. 231

the micaceous schists of the older transition
period.”

Purtfication from Foreign Melals. —“A small
quantity of mercury may be speedily purified by
placing it in a bottle with a little finely powdered
loaf-sugar, the mercury not occupying more than
one-fourth of the capacity of the bottle; the bottle
is then closed and briskly agitated for a few
minutes, after which the stopper is withdrawn,
and fresh air blown into the bottle with a pair of
bellows, and the agitation is repeated ; this 1s done
three or four times, and the mercury is then poured
into a cone of smooth writing paper, having a pin
hole at its apex. The metal then runs through,
leaving the pounded sugar mixed with the oxides
of the foreign metals, and a considerable quantity

of finely divided mercury.

“Pure mercury should leave no residue when
dissolved in nitric acid, evaporated and ignited,
or when fused with sulphur and sublimed in
a glass flask. When made to run down a gently
inclined surface it should retain its round form,
and nof drag a farl ; and when agitated in a bottle
with dry air it should not yield any black
powder.” ¥

Properties.—Mercury freezes at 37'9° Fah. un-
dergoing considerable contraction at the moment
of congelation, and forming a tin-white, ductile
mass, crystallized in octahedrons and needles,
capable of being cut with a knife, and exhibiting a
granular fracture. When heated to 662° Fah.
mercury boils, and forms an invisible transparent

* Walts’s ¢ Dictionary of Chemistry.”
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Procure an earthen pipkin, and put into it 2} ozs.
of spirits ot salts and 1 oz. of metallic zinc in
small pieces. When the zinc has dissolved, or
the effervescence has partially ceased, the tem-
perature may conveniently be increased by placing
the pipkin with its contents upon a sheet of iron
over a gas-jet; the extra half-ounce of spirits of
salts will allow for loss by evaporation. Some-
times it will be found necessary, especially when
the acid 1s not good, to increase its temperature
in order to effect its thorough saturation, for the
more neutral the mixture the better it acts. The
solution may be allowed to settle when sufficiently
acted upon, and the supernatant liquor poured
from the sediment into a bottle ready for use.
This mixture will keep any length of time in a
corked bottle. When this is employed in soft-
soldering iron or steel, the addition to it of a small
portion of powdered sal-ammoniac is a great im-
provement; a quarter ot an ounce to the propor-
tion of solution given above will form a very good
mixture,




CHAPTER XVII.

PROPERTIES OF METALS, SPECIFIC GRAVITY, ETC,

Properties of Metals.—7¢nacity.—The tenacityr
of the metals has been measured by fixing firmly*
in a vice one end of a bar or wire of the metal,,
the strength of which is to be ascertained, andl
attaching to the other end a convenient support:
for weights, which are cautiously increased untill
the wire breaks. Taking the tenacity of lead as 1,,
that of the different metals after annealing is as:
follows * :—

Lead. 1 l Silver 5 3 . . 80
Cadmium . . . 1'2 | Platinum ., . . « I3
Tin . . 1-3 , Palladium . . . s b5
Gold . 56 | Copper . . . IR )
Zinc . 8§ | Iron . X . . . ah

Copper, it will be observed, resists being torni
asunder with three times the power of gold.

Malleability.—(Gold is the most malleable o
metals; that is, it can be hammered out into the:
thinnest leaves—it can be beaten out so thin that:
one square foot weighs less than 3 grs,

* Miller's ¢ Chemistry,”







236 MECHANICAL DENTISTRY.

Spirits of wine is therefore six times more:
expansible by heat than mercury is. The difference:
in the heat of the seasons affects sensibly the bulk:
of spirits. In the height of summer spirits willl
measure 5 per cent. more than in the depth of
winter.

Specific Gravity.—The specific gravity of a body?
is its weight as compared with an equal bulk of
another body which is taken as the standard. I‘ors
solid bodies and liquids the standard of reference:
is pure water at a temperature of 60° IFah.; waterr
is stated as 1 (or 1000), so that gold, whose specifie:
gravity is stated at 19'5, is thus exactly 19} timess
heavier than water, bulk for bulk. For gases the:}
common standard is air, but frequently hydrogen iss|
taken as the standard by the chemist.

Method of obtarning the Specific Gravily of Solids
by the Hydrostatic Balance—Any ordinary balance:
which acts accurately may be used for this opera-
tion, one pan being made shorter than the other.

When the substance is solid, heavier than water,,
and insoluble in ¢, it is first weighed in the usual
manner, then it is suspended by means of a horse-
hair attached to the lower surface of the short pan of
the balance; a vessel of distilled water is so placed
that the substance will hang freely in it, so as nott
to touch the side, and the surface of the substance
should be free from air bubbles. The loss of weight
sustained by the substance when thus immersed i
exactly equal to its own volume of water whicha
it has displaced. It is then necessary to place:
weights in the short pan until the equilibrium iss
restored. To calculate the specific gravity, we hav
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only to divide the weight in air by the loss of
weight in water. Where the substance is solid,
and insoluble in but /Jzg/kfer than water, it must be
attached to a piece of lead (or other substance
sufficiently heavy to sink it); the two are then
weighed in the water as before.

To ascertain the specific gravity in such cases,
the lead must be weighed first by itself in water,
and then with the lighter substance attached to it
in water also; subtract the latter weight from the
former and to the result add the weight of the light
substance in air, then divide the last weight (that
of the light substance in air) by the number so
obtained ; the result is the specific gravity of the
light substance.

Or, to state the problem in algebraic formula,
only three data are required, viz.: the weight in
air of the light substance = P ; the weight in water
of the piece of lead (or other heavy substance)
= P’; and the weight in water of the light sub-
stance and the lead attached to each other = P”.
We have then the density D by the following

expression :—

| o

D =PE_PJJ+P

SPECIFIC GRAVITY OF VARIOUS QUALITIES OF

GoLp, &cC.
Carat. Spec. Grav,
24 . . . . . . - I0°§
23 s . - . . . . 19708
2% 3 . . . “ . 18-68

20 . - * . . - . I?'B?
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Carat.

18
15

i TR

12
10

9

8 .

7

Silve

r, pure

Copper, pure .

Composition

Spelter ,

Spec. Grav,
Ll - I?"DS
. I574
. 1486
14°45
136
. T3°2
12-82
. I2°§
10'5
8-g6
. 837
« 72

- - w L] L 3 - L]

By the above table, the quality of any gold plate
or article may very closely be ascertained, if the
gold be first weighed, and its specific gravity
ascertained by means of the hydrostatic balance as
described. For example, suppose we wish to know
the carat value of a “strange ” plate, we weigh it in
water and find that its specific gravity is, say,
14'5; comparing this with the numbers in the
table, we find that the plate is a fraction above

12 carat.

SPECIFIC GRAVITY

Platinum

(Gold

Mercury
Palladium
Lead
Silver .
Bismuth
Copper .
Nickel .
Cadmium

OF

THE METALS.
Spec. Grav.

. » 21'53

. S

+ .+ 13'596

. . II'8
. 11°36

- . 1053

. » 97799

' . 895

. « 88z

* . 8'694

_..Ill—"‘——
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fluid at a temperature as low as 37'9° below th
zero of Fahrenheit's scale, tin, cadmium, bis-
muth, lead, and zinc melt below redness;* anti-
mony above a red heat; silver, copper, and gol
require a bright cherry-red heat; iron requires
white heat; and platinum and palladium requir
to effect their fusion the intenser heat of the oxy-
hydrogen blowpipe. Some metals near their
melting points, before undergoing complete fusion,
pass through a soft intermediate stage, in which, i
two clean surfaces be presented to each other, an
strong pressure or hammering be employed, the
unite or weld together so as to form one continuou
mass. Iron, thallium, lithium, and potassium affor
the most striking instances of this. Palladium an
platinum are also susceptible of it.

® Vide pp. 254, 255.




CHAPTER XVIIL
ELECTRO-GILDING *

FFor the purpose of giving to gold plates that
uniformity of colour which is wanting where a
considerable surface of solder exists—as is the case
with flat teeth—some dentists give them a coat-
ing of fine gold by means of the “battery process.”

The apparatus and materials required are a
battery, a thin plate of fine gold, and a pot contain-
ing a solution of fine gold with cyanide of potas-
sium ; two copper wires proceed from the battery,
the one joined to the zinc and the other to the plati-
num, and reach over to the vessel containing the
solution, and to these extremities, which are bent
to a hook shape, the fine gold and the plate to be
coloured are attached. The fine gold is invariably
attached to the wire which proceeds from the
platinum of the baltery—the positive pole ; the plute
fo be coloured is invariably attached to the wire
which proceeds from the zzzc—the negative pole.
The solution is heated to 150 Fah. before com-

# As many dentists adopt this practice with a legitimate object, we
have inserted this chapter on the subject in the hope that it will enable

them to obtain satisfactory results,
M
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mencing this operation, and the gold plate, which
must be carefully cleaned, should remain in a basin
of pure water until all is prepared for dipping. It
is then suspended upon its proper wire, and, along
with the fine gold which is upon the other, im-
mersed in the solution. Action at once commences ;
the effective current of electricity flowing from the
zinc to the platinum, thence through the copper
wire to the fine gold, and through the solution
to the suspended plate upon which it deposits a
layer of gold, and so passing onwards by the wire
attached to the latter plate it reaches again the
zinc, from which it started.

Battery.—The “ Smee” battery is most conve-
nient, and is generally employed for this purpose.
A single cell arrangement (Fig. 101) consists of a
sheet of platinized silver placed between, but without
touching two plates of amalgamated zinc. So as to
keep the zinc plates apart, a slip of varnished wood
is interposed between them at their upper borders ;
in a groove on the under surface of this slip, or
frame of wood, is secured the silver plate; all the
parts are bound together by a brass binding-screw,
the silver plate is prevented from touching the
amalgamated zincs by pieces of cork placed
between them at their lower ends.

This arrangement is then placed in a jar—glass,
stoneware, or gutta-percha—containing dilute sul-
phuric acid (one of acid to ten of water, by
measure). It is important that the sulphuric acid
(oil of vitriol) should be free from nitric acid (which
it sometimes contains), because that acid wastes the
zinc, and in Smee’s battery also corrodes the silver.
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The gilding operation may be performed with
the one cell. In that case the gold solution must
be heated to a higher degree (200 FFah.) than when
the double cell is used. The latter is commonly
employed.

The battery may easily be constructed in the
workroom. The following particulars will be found
of service whether they be so made or whether they
be purchased, as in the latter case it is still neces-
sary to amalgamate the zincs from
time to time; further, the success
of the operation depends upon
maintaining the apparatus and so-
lution in good working order, and
to accomplish this some acquaint-
ance with details is necessary.

First, with regard to the platin-
ized silver plate, which constitutes
the negative mefal (the copper wire
attached to this and reaching to
the solution is called the positive
pole). The silver to be prepared ¥ pr, Smee's
for this should be of a thickness
sufficient to carry the current of electricity (about the
thickness of pattern lead), and should be roughened
by brushing it over with a little strong nitric acid,
so that a frosted appearance 1s obtained. It 1s then
washed and placed in a vessel with dilute sulphuric
acid, to which a few drops of nitro-muriate of
platinum has been added; a porous tube is then
placed into this vessel with a little dilute sulphuric
acid. Into this tube a piece of zinc is put, con-
tact being made between the zinc and silver; the

M 2
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platinum will in a few seconds be drawn down
upon the silver as a black metallic powder. The
operation is now completed and the platinized
silver ready for use. A simple method which
obviates the use of a battery may be adopted.
Place the silver between two pieces of sandpaper,
and press it with a common smoothing-iron, then
pull the silver out while under the pressure.
The platinum solution is made very hot, and the
silver dipped into it for some time, which effects
the coating. The nitro-muriate of platinum is
easily prepared. Take one part of nitric acid and
two parts of hydrochloric, mix together, and add a
little platinum, either as metal or sponge; keep
the whole at or near boiling point; the metalis then
dissolved, forming the solution required.

The zinc plates used are from 4 to 6 inches long
by 4 broad, and they should be at least } of an inch
thick. The following is from Napier’'s ‘“ Electro-
Metallurgy.”

Zinc for Battery.—The zinc used for the battery
should be milled or rolled zinc, not thinner than
% of an inch, otherwise the waste will be very
great. The best thickness when their size is up-
wards of 4 inches square is } of an inch.

Amalgamation of the Zinc Plates.—A mixture
of eight parts water and one sulphuric acid is put
into a stoneware basin, which should be large
enough to allow the zinc plate to lie flat in it ; the
acid should cover the zinc plate, which must remain
until the surface becomes perfectly bright. The
pan is now raised on one side, and a little mercury
put into the lower part, care being taken that the
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zinc does not touch the mercury, to prevent which
is the object of raising the pan on one side. A
little coarse tow, tied to the end of a piece of wood,
is dipped into the mercury, which lifts small
portions of the metal mechanically, which is then
rubbed with considerable pressure upon both sides
of the zinc plate, over which the mercury flows
easily; the plate 1s then washed by dipping it
into clear water, and is next made to stand upon
its edge in another pan with two small pieces of
wood under it, so as to allow any excess of mercury
to drain from it. After the zincs have drained for
a few hours the process should be repeated, only it
is not necessary to allow the metal to lie in the
acid in the second process previous to rubbing
in the mercury; after draining a few hours the
second time amalgamation is completed. The
zinc plates should always be removed from the
battery immediately after the gilding operation is
completed, and the surface carefully brushed with
a /4ard hair-brush in water, and then laid by in
a safe place.

If the battery is to be used seldom, and only
for a short period at a time, or if the zinc is thin,
another method of amalgamation may be adopted.
The zinc plate, after lying in the dilute acid till the
surface is bright, may be rubbed over with a
solution of nitrate of mercury, which gives a very
thin amalgamation ; but this method is unsuitable
if the battery is to be used for several hours
together. _

Battery Process of preparing the Gold Solu-
tion.—This is the best and cheapest method of
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making up the solution; it saves all expense of
acids and the labour of precipitation and washing
necessary in preparing it from the chloride of
gold. Say the operator wishes to prepare a gallon
of gold solution, he dissolves 4 ounces of cyanide
of potassium in 1 gallon of water, and heats the
solution to 150 Fah.; he now takes a small porous
cell and fills it with this cyanide solution, and
places it inside the gallon of solution. The two
solutions should be on a level. Into this cell is
put a small plate of iron or copper, and attached
by a wire to the zinc of a battery. A piece of gold
is placed into the large solution, facing the plate
in the porous cell, and attached to the copper of
the battery; the whole is allowed to remain in
action until the gold, which is to be taken out from
time to time and weighed, has lost the quantity
required in solution. The solution in the porous
cell, except the action has continued a long time,
will have no gold, and may be thrown away. Half
an hour will suffice for a small quantity of solution,
For all the operations of gilding by the cyanide
solution, it must be heated to at least 130 Fah.
Any convenient means may be adopted for heating
the solution. Where glass or stoneware vessels
are used for holding the gilding solution, these are
placed in another vessel, made of tin plate or iron,
of the same depth, and filled to within an inch of
the mouth with water, and placed upon a hot plate
over a fire, or over gas burners, and the water
heated to the boiling point.

If two pairs of plates be used, the solution should
be kept at about 150° Fah. while gilding; if only
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one pair, the heat of the gold solution should be
raised to 200° Fah.

Conditions required in Gilding.—The gilding
solution generally contains one-half to an ounce of
gold in the gallon ; but for colouring small articles
a weaker solution will do. The solution should be
sufficient in quantity to entirely cover the article at
once, so that it should not have to be done bit by
bit. The rapidity with which metals are acted upon
at the surface line of the solution is remarkable. If
the positive electrode is not wholly immersed in the
solution, it will in a short time be cut through at
the surface of the water as if cut by a knife.

Maintaining the Gold Solution.—As the gold
solution evaporates by being kept hot, distilled
water must from time to time be added. This water
should always be added when the operation of
gilding is over for the time, not when it is about to
be commenced, or the solution will not give so
satisfactory a result. The average cost of deposit-
ing gold is about 2d. per dwt.

To obtain a deposit of a good colour, much
depends upon the heat and state of the solution
and battery. It is therefore necessary that strict
attention be paid to these, and also the weight of
gold deposited, and the loss sustained by the
positive electrode. The plate of pure gold which
is attached to the wire proceeding from the pla-
tinum of the battery should, in regard to its surface,
be as near as possible equal in extent to the article
to be coloured.

From time to time a little cyanide of potassium
must be added to the gold solution; if the gold
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pole has a film or crust upon it when withdrawn
from the solution, that is a certain indication that
the latter is deficient of cyanide of potassium; if
the gold pole comes out clean the solution is right.
Care must be taken to distinguish the crust, which
is occasionally dark green or black, from a black
appearance which the gold pole will take when it
is very small in comparison with the article being
gilt, and which is caused by the tendency to evolve
gas. In this case an addition of cyanide of potas-
sium would increase the evil. The black appearance,
from the tendency to the escape of gas, has a slimy
feel and look. This generally takes place when
the solution is nearly exhausted of gold, of which
fact this appearance, taken conjointly with the rela-
tive sizes of the electrodes, is a sure guide.

To regulate the Colour of the Gilding.—The
gold upon the gilt article, on coming out of the
solution, should be of a dark yellow colour, ap-
proaching to brown; this when “ scratch-brushed ”
will yield a beautifully rich deep gold. If the
colour is blackish it ought not to be finished, for
it will never either brush or burnish a good colour.
If the battery is too strong, and gas is given off from
the article, the colour will be black ; if the solution
is too cold, or the battery rather weak, the gold
will be light coloured. A very rich dead shade
may be made by adding ammoniuret of gold to the
solution just as the articles are being put in. If
a bright clear yellow gilding is wanted, that will
require no scratch-brushing, add to the solution a
small quantity of caustic soda.

Preparation of Articles for Plating.—Articles
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that are to be plated are first boiled in an alkaline
ley to free them from grease, then washed from
the ley and dipped into dilute nitric acid, which
removes any oxide that may be formed upon the
surface ; they are afterwards brushed over with a
hard brush and sand, of which a kind obtained
from the Isle of Wight, and known as silver sand,
1s the best. The alkaline ley should be in a caustic
state, which is easily effected by boiling the car-
bonated alkali and adding slaked lime, until, on
the addition of a little acid to a small drop of the
solution diluted with cold water, no effervescence
occurs. The lime is then allowed to settle, and the
clear liquid is fit for use. The ley should have
about half a pound of soda-ash or pearl-ash to the
gallon of water. The nitric acid, into which the
article is dipped, may be diluted to such an extent
that it will merely act upon the metal. Any old
waste acid used for dipping before plating will do
for this purpose. The article, being thoroughly
cleaned and dried, is weighed, and a copper wire
attached to it, either by twisting it round the
article or putting it through any open part of it
to maintain it in suspension. It is then dipped
into strong nitric acid as quickly as possible,
washed through water, and then immersed in the
gold solution, suspending it from the wire con-
nected with the zinc of the battery. This first
immersion should only be continued long enough
to impart a blush of gold ; the article is then taken
out and again brushed and put back into the
solution, and kept there for three or four minutes,

which will be sufficient if the solution and battery
M 3
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are in good condition; but the length of tim
necessarily depends on these two conditions, which
must be studied and regulated by the operator.

When taken from the solution the article, if
it is not wanted to have a dead surface, is brushed
with a hard hair-brush and old ale, beer, or wate;
containing in solution a little gum, glue, or sugar.

Roseleur says, “I do not hesitate to state that,,
even with very inferior electro-plating solution,,
good results may be arrived at if the cleansing iss
perfect, while the converse cannot be maintained.”"

Such is the method employed where electro--
plating is carried on upon a large scale, and itt
shows how important it is to have the articles in ai
perfect state of cleanliness before immersing them
in the solution in order to obtain good results..
Dentists seldom put the work through all these:
preparations, however, and simply wash the plate:
thoroughly after polishing at the wheel, and leave:
it in a basin of pure water until ready to immerse:
it in the solution.

Glass hooks should be used for manipulating
with. They are very easily made by heating and.
bending a glass rod over the bunsen flame into a .
convenient shape, one end being turned back:
upon itself to form the handle, and the other bent
to a hook shape. These are used if the plate
should happen to fall into the solution.




CHAPTER XIX,

MISCELLANEA.
THERMOMETERS, TEMPERING, ETC.

THE scale according to Fahrenheit is the one
generally adopted in England for registering
degrees of temperature; but the Centigrade ther-
mometer is preferred by scientists. The scales
of Reamur and De Lisle are not so generally used
as the two former.

The boiling point of water is represented on the
Fahrenheit scale as 212°; on the Centigrade as
100°; and on the Reamur as 80°. To change
Fahrenheit to Centigrade, subtract 3z from the
Fahrenheit degrees, multiply the answer by 3,
and divide the product by 9 ; the result gives the
degrees Centigrade. For example, convert 212°
Fahrenheit into Centigrade : 32 from 212 gives 180,
this multiplied by 5 gives goo, which divided by
9 becomes 100 = the degrees Centigrade, corre-
sponding to 212° FFahrenheit.

To convert Centigrade to Ifahrenheit, multiply
the degrees Centigrade by o9, divide the product
by 5, and add 32 to the quotient; the result gives
the degrees Fahrenheit.

The method of converting the degrees of one
scale into others is thus stated :—

To convert Fah. to Cent, § (F.®* — 32) =C.°
Cent. to Fah. # C.° 4 32 =F.°
Reamur to Fah, § R° 4+ 32=F.°
Fah. to Reamur § (F.° — 32) = R.°

B ry
1" "

2 i
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The following table represents the corresponding
temperature of Fahrenheit and Centigrade below
boiling point.

TABILE OF CORRESPONDING TEMPERATURES ON
THE SCALES OF FAHRENHEIT AND CENTI-
GRADE THERMOMETERS.

I
Deg. Cent. | Deg. Fah. 1 Deg. Cent.| Deg. Fah, | Deg. Cent. | Deg. Fah,
I {

100 212 66 | 1508 32 896
99 210'2 65 149 31 87-8
98 208+4 64 147°2 30 86
97 2066 63 145'4 29 842
96 2048 62 1430 28 824
95 203 6t 141-8 || 27 806
04 201°2 6o 140 26 78-8
93 199°4 59 1382 25 77
92 1976 58 1364 24 752
91 1958 57 134°0 23 734
Q0 104 56 132-8 || 22 216
89 1922 55 131 ’ 21 69-8
88 1904 54 129'2 20 68
87 1886 53 1274 19 662
86 1868 52 1256 18 64*
85 185 51 1238 17 62
84 1832 50 122 16 608
83 181 49 1202 15 59
82 179" 48 1184 14 57°2
81 1778 47 1166 13 85
8o 17 46 1148 12 536
79 1742 45 113 11 518
78 1;:-2*3 44 1112 10 50
77 1700 43 1094 | 3-2
76 168-8 42 1076 | g 16'4
75 167 41 105-8 | 5 44 6
74 1652 40 104 . | 6 42'8
73 1634 39 102z | 5 41
”2 16146 38 100°4 || 4 392
/T 1598 37 98-6 3 374
7 158 36 968 2 356
69 156-2 35 95 I 33-8

| 67 1520 33 914
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The Tempering of Instrumeantsand Tools.—As
many are in the habit e reshaping and tempering
their own excavators, &c., and all may occasionally
find it necessary to adapt an instrument for special
circumstances, the following remarks upon tem-
pering may be of value.

Before the instrument can be filed or bent into
shape, its temper must be taken out; this is done
by heating it to a red heat. But it must be re-
membered that over-kealing destroys the steel and
permanently deprives it of its essential qualities.
An instrument heated to a white heat, for example,
cannot subsequently be satisfactorily tempered,
and may indeed be considered altogether useless.
Therefore it is most important to remember that
in heating to extract the “ temper” of the instru-
ment or tool that is to be reshaped, only a dull red
should be given to the metal; it is then allowed
to cool in air, when it may be worked upon. After
being shaped, fine filed, and smoothed, the instru-
ment is next heated in the flame to a cherry red,
and instantly plunged into cold water. This
operation leaves the steel too hard for our purpose,
so that it is necessary to “draw ” the temper to
the required amount. This is done by very care-
fully heating the instrument more or less according
to the work it is designed for. The poznt is first
brightened by rubbing it on sand-paper, so that
the colours which the heat imparts to the steel may
be clearly observed. A pale straw colour is the
one allowed for excavators; when that is reached
the instrument is at once withdrawn from the

flame. Or the following method may be adopted.

—
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“ For excavating instruments cover with oil an
hold over the alcohol lamp, apply the heat to
the instrument a little back from the point, and
move it backwards and forwards in the flam
so as to heat it up slowly and uniformly, and
at the instant the oil takes fire at the point off}
the instrument it should be plunged into cold
water.”

Tempering Liguid.—2 quarts soft rain water,,
+ oz. corrosive sublimate, 1 0z. common salt.

Tempering Drills and Gravers.—When the graver
or drill is too hard—which may be known by the
frequent breaking of the point—temper as follows:
heat a poker red hot and hold the graver to it
within an inch of the point, waving it to and fro
till the steel changes to a light straw colour; then
put the point into oil to cool.

Steel alloyed with 1-500th part of platinum is
rendered harder, more malleable, and better adapted
for cutting instruments.

Pouillet has employed an air thermometer pro-
vided with a bulb of platinum to determine wzth
precision high degrees of temperature.*

RESULTS.
Fah. Cent.
- Deg. Deg.

Incipient red heat corresponds to 977 525
Dull i o 1292 7C0
Incipient cherry red  ,, 1472 8oo
Cherry red = 1652 goo
Clear cherry red 5 1832 1000

€ Percy’s “ Metallurgy.”
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t penmyweight troy « . o = 24 grains,

I ounce . : = . — 480

1 pound s - — g760

1 litre of water . . R

I i " . . =— 1000 grammes.

I . * = 35 ounces by measure,
1 gallon of water . . . = 4'536 _Iitreﬁ.

1 % . = — 70000 grains.

1 cubic inch of water . . - BEZ'E .y

1 ounce measure . . . S — 1-733 cubic inches,
I pint (or 20 ounces) . v = 34:659 -

1 gallon (or 160 ounce-) = 277276 o

I litre , . . W R . = b1°024 ’

At the ordinary temperature and pressure of the atmosphere 100
cubic inches of—

grs. grs.
Hydrogen weigh 211 | Oxygen weigh 3380
Ammonia ,» 1800 | Carbonic anhydride » 46°50
Hydrocyanic acid - Sulphurous ,, » 67:78
Vapour »» 28-57 | Chlorine » 7040
Nitrogen » 2970 | Sulphuretted hydrogen ,, &o'50
Atmospheric air s 31°00

Soldering on Casting Sand instead of Plaster.—
“ A handful of light moist sand, just in a state to
cast with, is deposited in the hollow of the casting
coke. The two pieces of gold to be soldered together
are placed upon it, having been previously stuck
together in their relative position, as previously
spoken of. They are gently pressed into the sand
so as to be supported underneath, everywhere
steadily, care being taken not to disturb their
relative positions. The sand is pressed down
around them so as not to be blowing loosely about
when the blowpipe is used, and none is allowed to
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remain on the upper surface. The flame is now at
once applied with the blowpipe until all the cement
has disappeared. With a very light hand place a
piece of No. 1 solder on the most convenient part
of the joint, but put no borax. This must now be
run with the blowpipe so as to hitch the two to-
gether. If borax were used it would shift the pieces
in rising when heated, sand not being strong
enough to resist it. This is the point in soldering
in sand which requires more care than soldering in
plaster. It is soon learned, and the advantage in
time and cleanliness only needs trial to be appre-
ciated. After hitching one point with solder, borax
may be freely applied, and the soldering completed.
This method can be used in almost all cases where
two pieces of gold have to be joined in exact rela-
tive positions, such as mounting clasps, &c.; but
not in putting up flatbacks, as it is not convenient
for the gradual heating they require.”—(Mr. Balk-
will, B. #. D. .S., May, 1876.)

Where this plan is adopted, only new sand,
which has not yet been used for casting, should be
employed ; the sand in use contains particles of
zinc and lead, which when heated with it will
destroy the gold plate.

Packing the Vulcanite Regulating Pieces with-
out using Wax Plates.—This plan, suggested by
Mr. Caleb Williams, is further referred to by Mr.
Balkwill in the British Fournal of Dental Science
for January, 1876. He says, “ The plaster model
is not dipped in wax but dried, and, whilst warm,
coated by a camel’s-hair pencil with a chloroform
solution of uncooked rubber. I generally use the
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‘whalebone.” This coat is laid on while the modell
is warm to promote the evaporation of the chloro-
form, which makes the rubber spongy if anyy
remains. The solution should be carried whereve
the plate is intended to go.

‘“ A pattern in sheet lead having been previouslys
prepared, a plate is cut by it out of the soft rubber,,
which is placed upon the model and carefullyr
pressed with the forefinger into all the inequalitiess
of the impression. The rubber will be found to»
adhere to the previous coating with the greatest:
tenacity, therefore a little care is necessary ini}
placing in position, as after touching the model it:}
cannot be shifted. This can be done by doubling:
the pattern over the right forefinger and placing:
this on the middle of the palate ; the two wings can
then be brought down and gently pressed into:
place. Any part that requires strengthening or*
thickening to carry plugs, &c., must have rubber’
added, just as in the ordinary method wax is built:
upon a wax core. The piece is now smothered in
plaster, placed in a flask, filled up, and, when the
plaster is set, vulcanized. The process up to the
vulcanizing occupies from five to ten minutes in-
stead of one or two hours. There is no straining
of the model in any way, the fit is exact, and
slender teeth and undercuts, which, to say the
least, make a difficulty ordinarily, are thus fitted
with ease.”

Acids, &c.,used in the Workroom.—In the tEKt.._1
book of ¢ Electro-Metallurgy,” by Gore, the follow-
ing remarks are made with regard to acids.

Nitric Acid.—Called also aqua-fortis. The pureé |
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4 acid for dissolving silver, &c., should be colourless,
have a specific gravity of not less than 1°52, and
separate portions of it, diluted with pure distilled
water, should give no cloud with a single drop of
solution of nitrate of silver or of chloride of barium.
It should be kept in a stoppered bottle, in a dark,
fl cool, and dry place. If a drop of this or any
other acid falls upon one’s clothes, dz/ufed aqueous
ammonia should at once be freely applied.

All the pure strong acids should be kept in
stoppered bottles in a dry place. Carboys of com-
mon acids and dripping liquids should have stone-
ware stoppers, and be kept in an outhouse.

8 Hydrofluoric Acid.— Called also fluoric acid.

This liquid is always very impure. It should be
kept in a bottle of gutta-percha, provided with a
stopper of india-rubber, in a dry and cool place,
and not in close proximity to glass vessels, because
the vapour corrodes them. It is highly dangerous
to breathe the fumes of this acid; and if a drop of
it falls upon the skin it should be Zioroughly
washed off af once, otherwise after a few hours great
pain will be suffered.

Hydrochloric Acid.—Called also “muriatic acid,”
¢ spirits of salt,” and “smoking salts.” The pure
acid should be colourless, of not less specific
gravity than 120. It should be kept in a cool
place.

Agua Regia.—Called also nitro-hydrochloric acid.
This is a mixture of one volume of nitric and from
two to three of hydrochloric acid. It should not be
prepared until required to be used, because it de-

composes spontaneously.
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Sulphuric Acid.—Or “ Oil of Vitriol.” The pure:
acid should have a specific gravity of not less thani
1-85, and be nearly or quite colourless. The least:
trace of dust or organic matter imparts a darkness:
of appearance to it. It should be kept in a dry-
place. When diluting it, the water should not be:}
poured into the acid, because that is dangerous, |4
but the acid into the water, and that slowly. :

Bisulphide of Carbon.— Called also ““ sulphuret of
carbon ” and “ carbon disulphide.” This is a very
volatile and inflammable liquid, and a flame should
not therefore be brought near its vapour. It should
be kept in a well-stoppered or corked bottle in a
cool place.

Phosphorus.—This substance should be kept in a
wide-mouthed stoppered bottle, filled with water,
to keep the air from contact with it. The bottle
should also be covered with black varnish, and
kept in a dark place, because the light changes the
phosphorus and makes it insoluble. Phosphorus
should never be exposed to the air for more than a
few seconds, or it may inflame; and it should
always be cut whilst under the surface of water.

LPhosphorus Solution.—Called also * Greek fire.”
This highly inflammable and dangerous mixture is
composed of phosphorus dissolved in bisulphide of
carbon. It should only be prepared in small
quantity ; and the bottle containing it should be
kept in a cool place, partly immersed in sand, in a
stone-ware vessel covered with a metal lid. It is
extremely liable to spontaneous combustion, espe-
cially if any be spilt. )

Agueous Ammonia.—Called also “volatile alkali,”

et ag% pere e
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i “spirit of hartshorn,” &ec. This liquid is very
volatile, and should be kept in well-stoppered
bottles in a very cool place. Its specific gravity
should not be greater than -88o. It is dangerous
to break the bottles.

Carbonate of Ammonia—Called also “smelling
salts” and ‘““sal volatile.” Theunchanged substance
is in the form of Zransparent colourless pieces. By
exposure to air it loses ammonia, and becomes
opaque white. It should therefore be kept in well-
closed bottles.

Hydrocyanic Acid.—Called also “ prussic acid.”
This is a colourless liquid consisting of water more
or less impregnated with the gas. Water will
dissolve a very large amount of the gas. The
strongest usually sold is known as Scheele’s, and
contains about 5 per cent. of the actual substance;
the ordinary medicinal acid contains only 2 per
cent. It is extremely poisonous, and dangerous to
smell or inhale the vapour arising from it. It is
decomposed by light, and should therefore be kept
in an opaque bottle, in a dark and cool place.

Cyanide of Polassium.—Called also  prussiate of
potash.” This substance also is a deadly poison
and almost as dangerous when absorbed by the
skin as when swallowed. It is strongly alkaline
and abstracts moisture rapidly, and should there-
fore be kept in well-covered jars or bottles.

Filters.—Small ones for filtering dilute acids or
alkalies, and liquids generaliy, are made by doub-
ling a circular sheet of filtering paper (z.e. unsized
or blotting-paper) twice at right angles, opening
one of the outer folds, and placing the filter in a




262 MECHANICAL DENTISTRY.

glass funnel. Large ones are usually formed b
tying or nailing the edges of a piece of washed o
unglazed calico to those of a square frame of woo
or of a wooden hoop. A filter for strong acids o
alkalies is made by placing aloose plug of asbestoss
in the neck of a glass funnel, or by filling the neck:
of the vessel with broken glass, and covering thes
latter with a layer of asbestos.

Remedies for Accidents.—The following, whichi
is also quoted from Gore’s work, may be found use--
ful in the workroom.

““ As various poisonous substances are employed |
in the art, it would be well for the operator to:
know their best antidotes. If either nitric, hydro-:
chloric, or sulphuric acid have been swallowed,
the best remedies are either to administer abund-.
ance of tepid water to act as an emetic, or to cause
the patient to swallow milk, the whites of eggs,
some calcined magnesia, or a mixture of chalk
and water. If those acids in a concentrated state
have been spilled upon the skin, the parts should
be washed with plenty of cold water, and if neces-
sary a mixture of whiting and olive-oil then ap-
plied. A useful mixture for such cases is formed
by slaking about an ounce of caustic lime with a
quarter of an ounce of water, then adding it to a
quart of water and shaking the mixture repeat-
edly; decanting the clear liquid, and beating it
up with olive-oil to form a thin pomatum. Acids
spilled upon the clothes should at once be treated
with plenty of a quite dilute solution of ammonia

or its carbonate, and then well washed with
water.
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“In cases where hydrocyanic acid, cyanide of
potassium, or the ordinary silvering or gilding
solutions have been swallowed, almost instant
death usually follows ; if it does not, very cold water
should be allowed to run upon the head and spine
of the sufferer, and the patient be made to swallow
a dilute solution of either acetate, citrate, or tartrate
of iron. If the poisoning arises from inhaling the
vapour of hydrocyanic acid, cold water should be
applied as above, and the patient be caused to
inhale atmospheric air contalning a Zf/e chlorine
gas. It is a dangerous practice to dip the naked
hands or arms in cyanide solutions, as workmen
sometimes do, in order to recover articles which
have fallen into them, because those liquids are
absorbed by the skin, and produce poisonous effects;
they also cause very painful sores, which should be
well washed with water, and the mixture of lime-
water and olive-oil applied. If alkalies such as
potash or soda have been swallowed, a dilute
fl solution of vinegar, some lemonade, or extremely
dilute sulphuric acid, should be given, and, after
about ten minutes, a few spoonfuls of olive-oil.

“If metallic salts have been taken, the patient
should be made to vomit by means of tepid water,
and then to swallow some milk, whites of eggs,
precipitated sulphur, or some sulphuretted hydro-
gen water. To remove stains of sulphate of copper,
or of salts of mercury, silver, or gold from the
hands, &c., wash them first with a dilute solution
either of ammonia, iodide, bromide, or cyanide of
potassium, and then with plenty of water; if the
stains are old ones, they should first be rubbed
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ACIDS used in workroom, 258
Alloying gold, 32
Alloys of gold, 217
platinum, 224
palladium, 225
silver, with platinum and pal-
ladium, 226
aluminium, 227
Aluminium, 227
Amalgamation of zinc plates, 244
Annealing gold plate, 53
Anvil, or striking block, 54
Aqua Regia, 259
Articulating frames, 77
teeth, 102
Artificial palates, 186
Asbestos, used with plaster as in-
vestient, 85, 155
Austen, Prof., on vulcanizing, 118,
123
table for ascertaining amount
of alloy, 213
table of {fusible metals, 29

BACKING flat teeth, 83
Balkwill, Mr., soldering on
casting sand, 256
Bell and Turner wvulcanite flask,
104
Binding wire, used in soldering flat
teeth, 85

Bites, obtaining, in wax and plaster, |

74
Blowpipe, bellows, 44
hydrostatic, 44—46
mouth, 46

Borax, as flux in gold melting, 37
soldering solution, 49

(CASTING plaster models, 13
in sand, 18
rings, 19
sand used to solder upon, 256
Celluloid, 167
Celluloid Machines, 172, 174
Chambers for gold plates, 57
vulcanite cases, 103
Chasing gold plates, 60
Clamps (wire) used in soldering,

5
Clasps for gold plates, 61
vulcanite cases, 116
Coin gold, English, 33
Combination work, 129
Composition, impression, 7, 12, 15
Congenital fissures, 190
Continuous gum work, 150
Copper frames, for soldering flat
teeth, 88
Crucibles, 32
Cutting pliers, 93
Cyanide of potassium, 261

JDIES and counters, 26, 55

Die, #o prevent splitting of, §5

with filed teeth, 8

Difficulties in sand casting, 21
Draw-plate, 42
Drawing-tongs, 42
Dressing plaster models, 16
Drying . 1B
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JEDENTULOUS cases, trays for,
2

Electro-plating, 241

Evans, Dr., method of retaining
upper cases by means of
ridges, 127

Expansion of liquids, 235

metals, 235

FAHRFNHEIT scale, to convert
to centigrade, 251
Fauchard’s obturator, 178
Filters, 261
Finishing gold plates, 89
vulcanite, 125
Flame used in soldering, 50
Flasks for vulcanite worlk, 104
Flat tooth on pivot, 139
Fiat teeth fitted to plate, 80
backing of, 83
prepared for soldering, 86
Folding of plates in swaging, 53
FFormulae for ascertaining amount
of alloy required in reducing
gold, 213
Franklin, Dr., on vulcanizing, 123
French chalk, 19
Furnaces for gold, 31, 32
continuous gum work, 150, 151
zine, 26°
Fusible metals, 28
Fusing point of metals, 239

(GARTRELL’S Gauge, 121
Celluloid Machine, 174
Gee, Mr., to raise gold to higher
standard, 216
Godiva composition, 7
Gold, 209
physical properties of, 210
refining by humid process, 211
Gold, formulz to ascertain amount
of alloy for, 213
Gold, fine, unsuitable for base plates,
30
effect of tin, lead, antimony, &c.,
upon, 38
purified by nitre, 38
urified by chloride of mercury, 38
emel, treatment of, 39
Gold Alloys, for plate, 217

INDEX,

Gold Alloys, for clasps, 219
solder, 219

Gutta-percha, for impressions, 6
impression cups, 11, 183
plates for biting blocks, 99

ARD models, 13
Harris, Dr., on blowpipe, 47
pivoting, 136
Hayes moulding flask for sand cast!
ing, 24
Heater for vulcanite, 109
Hunt, Dr. Finlay, on celluloid, 16
Hydrochloric acid, 259
Hydrocyanic ,, 261
Hydrofluoric ,, 2359

[MPRESSIONS, 6, 9
of cleft palate, 182, 194
Impression trays, 2
materials, §
Ingot moulds, 32
Instrument for dressing between th
teeth of vulcanite cases, 125 (
126
Instruments, tempering of, 253
Investing mixture, 85

KINGSLEY’'S method of con
structing artificial palates
193

LADLE used in pouring metal
2
for lemel, 39
Lathe for fitting teeth, 81
Lawrence, Dr., on thermomete
121
Lead, casting counters in, 27
properties of, 230
Lemel, treatment of, 39
Lower plates, swaging of, 6o
Lycopodium, 19

MAGNET used to extract irom|
from gold filings, 37

Mallets (horn) for striking upp
plates, 53

Marker for tube teeth, o1
Measuring, instead of taking imes
pressions of the jaw, 1



Melting gold, 35
zine, 26
Mercury, 230
purification of, 231
properties of, 231
Metals, properties of, 234
expansion of, 235
_ specific gravity of, 236—233
isfitting plates, how to correct, 56
ixture of resin and wax for models,
17
ocels, casting in plaster, 13
casting in sand, 19
for plate, 14, 16
for vulcanite, 14, 103
oulding sand, 18
oulds for Dr. Kingsley’s artificial
palate, 200, 202
outh blowpipe, 46

ITRIC acid, 258

BJECTIONS to certain forms of
combination work, 133
btaining bites, 74
in vulcanite work, 99
bturators, 176
pening flask after vulcanizing, 124
verheating plaster destructive, 17,
107
zinc, 26

ACKING vulcanite, 109
Palladium, 224
alloys of, 225
aré, Ambrose, earliest obturator
recorded, 177
artial cases, trays for, 3
models, casting in sand, 21
plates, striking up of, 58
cases in vulcanite, 116
continuous gum, 161
arting liquids for impressions, 13
atterns for plates, 52, 58
erforating pliers, 8
erforating pliers (Dr. Mallet’s), 84
hosphorus, 260
ins for supporting plaster teeth, 12
ivot teeth, 136
laster of Paris used as impression
material, 8

INDEX.
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Plaster of Paris, casting modelsin, 13
Plates, striking up cf, 52
finishing of, 89
Platinum, 223
alloys, 224
Pouring gold, 36, 41
Press for closing vulcanite tasks,
111
Properties of metals, 234
Pamice-stone, go
Punches for dressing zinc models, 27
(bone) for plate striking, 59
(copper) for chasing, 6o
(steel) = i . Ok
Punching pliers, 55

REAMUR'’S scale to convert to
Fahrenheit, 251

Remedies for accidents, 262

Repairing gold plates, 143

vulcanite, 146

Resetting teeth of vulcanite case,
147

Richardson, Dr., on hydrostatic
blowpipe, 45

Ridges, upper cases retained by
means of, 127

Rifllers fgr finishing vulcanite, 125,
12

Rising of vulcanite cases, 114

Riveting teeth backs, 84

R.oherl:s,ﬁ Dr., on continuous gum,
IDI

Rollers for gold, g1

Rolling or flatting gold, 42

Rouge, used in plate polishing, 9o

SAL-AMMONIAC, flux for gold,

Sand moulding, 18
Setting mixture for plaster, 8
Shears for plate, 55
Silver, 225

properties of, 226

alloyed with palladium and

platinum, 226

Slipping of plates when striking, 59
Soft rubber for artificial palates, 203
Soft soldering liquid, 232
Solders for gold, 219

aluminium, 228
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Solders for continuous gum work, 156
Solder, silver, 232
soft, 232
Soldering, 48
flat teeth, 86
teethﬁ in continuous gum work,
15
aluminium, 228
on casting sand, 256
Specific gravity of wax, 107
vulcanite (American) 108
to ascertain, 236
tables for gold and other
metals, 237
Steam, elastic force of, 207
Steam-gauge, 121
Stearns’ artificial palate, 178
Stent composition, 7
Strengthened plates, 70
Striking up plates, 52
difficult cases of, §3, 59
Suction chambers in plates, §7
vulecanite cases, 103
Sulphur, used to fasten tube teeth, 98
Sulphuric acid, 259
Swivels attached to gold plates, g5
vulcanite sets, 102

TABLE of corresponding tempe-
ratures on different thermo-
meter scales, 252
for tempering, 255
specific gravity, 237
of useful numerical data, 255
showing elastic force of steam,
z07
Temperinginstruments and tools, 253
Thermometers, 121
Thermometer scales, 251
Tomes, Mr.. on pivoting, 136
Tough gold, 36
Trays, impression, 2
Trimming plate after swaging, 55
Tube teeth, go
Type-metal, 29

VALUE of gold of the various
carats, table of, 223

INDEX,

Vulcanite, manufacture of, 204
properties of, 123
dentures, g9
firing models for, 103
measuring, 109
packing, 107, 110
thick cases in, 123
finishing, 125
in combination with gold, 12
soft, for artificial palates, 203
obttgratum and artificial palat
180
press for closing flask, 111
partial cases in, 116
partial cases, with clasps, 117
cases with ridges, 127
Vulcanite flasks, 104, 113
Vulcanizers, 118—120
Vulcanizing, 122

WARPING of plates, 87
Water of Ayr stone, 89
‘Watt, Prof., formula for ascertai
ing the amount of alloy
quired in reducing gold, 21
‘Wax for impressions, §
for biting blocks, 74
Wazxing plaster models, 17
Weighing alloy for gold, 33, 35
Whitney's flask for vulcanite wo
104
vulcanizer, 120
‘Wildman, Prof., on vulcanizing, 1
Wire (iron) used with gutta-perc
biting plates, g9
Wire &guld}, drawing of, 42
Wireclamps, usedinsoldering, 58, 73
clasps, objections to, 61
Wecod pivots, 140

ZINC, properties of, 229
melting and pouring, 26
shrinkage, 28
to prevent splitting of die
sheet used for sp%-::ial in::pis

sion trays, 4
plates for battery, 244
amalgamation of, 244
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2 WEALE'S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.

Civil Engineering. ]
By Hesxry Law, M.Inst.C.E. Including a Treatise on HYDRAULIC
EncineEriNG by G. R. BurneLr, M.L.C.E. Seventh Edition, revised,
with LarGe AppitTions by D. K. Crark, M.IL.C.E. . % . B6/6
Pioneer Engineering:
A Treatise on the Engineering Operations connected with the Settlement of
Waste Lands in New Countries. By Epwary Dosson, M.InstT.C.E.
With numerous Plates. Second Edition . . a i’ . . 4/6
Iron Bridges of Moderate Span:

Their Construction and Erection. By HamiLTon W, PExprED. With 40
Illustrations . y . 2/0

Iron and Steel Bridges and Viaducts.
A Practical Treatise upon their Construction for the use of Engineers,
Draughtsmen, and Students. By Francis Camein, C.E. With numerous
Illustrations . - : : : . ; . A . 36

Lonstructional Iron and Steel Work,
As applied to Public, Private, and Domestic Buildings. By Frawcis
Camrin, C.E. . : g A b ] . A . : . 3/6

‘Tubular and other Iron Girder Bridges.
Describing the Britannia and Conway Tubular Bridges. By G. DryspaLE
Demresey, C.E. Fourth Edition - - 2/0

Materials and Construction:

A Theoretical and Practical Treatise on the Strains, Designing, and Erec-

tion of Works of Construction. By Francis Campein, CE. . . 3/0
‘Banitary Work in the Smaller Towns and in Villages.
By CHARLES SLAGG, Assoc. M.Inst,C.E. Third Edition g . 3/0

‘Construction of Roads and Streets.
By H. Law, C.E., and D. K. CrLarg, C.E. Sixth Edition, revised, with
Additional dhapters by A. J. WarLLis-Taveer, A.M. Inst. CE. . 6/0
‘Gas Works (The Construction of),
And the Manufacture and Distribution of Coal Gas. By S, Hucues, C.E.
Re-written by WiLLiam Richarps, C.E. Eighth Edition . . BI6
“Water Works
For the Supply of Cities and Towns. With a Description of the Principal

Geological Formations of England as influencing Supplies of Water, By
SamueL Hucugs, F.G.S., C.E, Enlarged Edition . 3 i . 4/0

The Power of Water,
As applied to drive Flonr Mills, and to give motion to Turbines and other
Hydrostatic Engines. By Josern GLvnw, F.R.5. New Edition . 2/0
Wells and Well-Sinking,
By Joux Geo, SwinpeLr, A.R.I.B.A.,and G. R. BurneLr, C.E. Revised
Edition. With a New Appendix on the Qualities of Water, Illustrated 2/0

The Drainage of Lands, Towns, and Buildings.
By G. D. Dewmrsev, C.E. Revised, with large Additions on Recent
Practice, by D. K. CLark, M.1.C.E. Third Edition . * . 4/6
The Blasting and Quarrying of Stone,
For Building and other Purposes. With Remarks on the Blowing up of
Bridges. By Gen. Sir J. Burcovne, K.C.B. . . = : . 1/6
Foundations and Concrete Works.

With Practical Remarks on Footings, Plankinz, Sand, Concrete, Béton,

Pile-driving, Caissons, and Cofferdams. By E. Dossox, M.R.LB.A.
Ninth Ediuen . , y % B e - 1/6




WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3

Pneumatics,
Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CHarLEs Tomvuinsox, F.R.S5. Fourth Edition . 1/6
Land and Engineering Surveying.
For Students and Practical Use. By T. Baker, C.E. Nineteenth Edition,
Revised and Extended by F. E. Dixox, A.M. Inst. C.E., Professional Asso-
ciate of the Institution of Surveyors. With numerous Illustrations and two
Lithographic Plates . RO e : SR Y o
Mensuration and Haa.nurlng.

For Students and Practical Use. With the Mensuration and Levelling of
Land for the purposes of Modern Engmurmg By T. Bakeg, C.E New
Edition by E. NugexnT, C.E. . 3 2 . 1/6

MINING AND METALLURGY.

Mining Calculations,
For the use of Students Preparing for the Examinations for Colliery
Managers’ Certificates, comprising numerous Rules and Examples in
Arithmetic, Algebra, and Mensuration. By T. A. D Doxanve, M.E.,

: First-Class Certificated Colliery Manager. . ’ - A afﬁ
Mineralogy,

Rudiments of. By A, Rawmsav, F.G.S5. Fourth Edition, revised and

enlarged. Woodcuts and Plates . . - . : : : . 3/6

Coal and Coal Mining,

A Rudimentary Treatise on. By the late Sir WarincgTON W. SMYTH,

F.R.S5. Eighth Edition, revised by 1. ForsTEr Browxn . . . 3/6
Metallurgy of Iron.

Contamning Methods of Assay, Analyses of Iron Ores, Processes of Manu-

facture of Iron and Steel, &c. By H. Baverman, F.G.S. With numerous

Ilustrations. Sixth E..dllmn, revised and enla.rgcl:i . 510
The Mineral Surveyor and Valuer’'s Cumplata Guide.

By W. LintTeErN. Fourth Edi:mn, with an ;'tppendtx on Magnetic and

Angular Surveying - . : . -
Slate and Slate Qumymg

Scientific, Practical, and Commercial. By D. C. Dawvigs, F.G.S. With

numerous Illustrations and Folding Plates. Fourth Edition . . 310
A First Book of Mining and Quarrying,

With the Sciences connected therewith, fer Primary Schools and Self-In-

struction. By J. H. CorLuins, F.G.S. Second Edition . : . 1/8
Subterraneous Surveying,

With and without the Magnetic Needle. B} T. FExwick and T. BAKER,

C.E. Illustrated . . g - . 2 : : 2,’5
Mining Tools. :

Manual of. By WiLLtam Morcans, Lecturer on Practical Mining at the

Bristol School of Mines - % . . . . - . . 2/6
Mining Tools, Atlas

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining

Tools, drawn to Scale. 4to . . . . . . & . 4/6
Phyﬂinal Geology,

Partly based on Major-General PorTrLock's ' Rudiments of Geology.”

By RaLru TaTe, A'L.S., &c. Woodews. . . . . . 2/0

Historical Geology,
Partly based on Major-General PorTrock's *‘ Rudiments.” By Bn;.rrt
2

TaATE, A.L.S., &c. Woodcuts . 3 ¥ & & i

Ganln Phyumal and Historical.

mmung of * Physical Geology," which sets forth the T_.eadm Principles
of the Science; and *‘ Historical Geology,” which treats of ie Mineral
-and Organic Conditions of the Earth at each successive epoch. By Racru
TATEL.G. 8-, |, » 3 A - i, LT P AR, e
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» MECHANICAL ENGINEERING.

The Workman's Manual of Engineering Drawing.
By Joun MaxTton, Instructor in Engineering Drawing, Royal Naval
College, Greenwich. Eighth Edition. 300 Plates and Diagrams . 3/6

Fuels: Solid, Liquid, and Gaseous. :
Their Analysis and Valuation. For the Use of Chemists and Engineers.
By H. J. PuiLries, F.C.5., formerly Analytical and Consulting Chemist
to the Great Eastern Railway. Third Edition . . . « o 210

Fuel, Its Combustion and Economy.

Consisting of an Abridgment of * A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WiLLiams, A.I.C.E. With Exten-
sive Additions by D. K. CLark, M.Inst.C.E. Fourth Edition . 36

The Boilermaker's Assistant
In Drawing, Templating, and Calculating Boiler Work, &c. By J. CourT-
nNEY, Practical Boilermaker. Edited by D. K. Crark, C.E.. 2/0

The Boiler-Maker's Ready Reckoner,

With Examples of Practical Geometry and Templating for the Use of
Platers, Smiths, and Riveters. By Joun CourTxeyv. Edited by D. K.
Crark, M.I.C.E. Fifth Edition : . 3 . ; e LCP
*® The last two Works in One Volume, half-bound, entitied ** THE BOILER-
MAKER'S READY-RECKONER AND AssisTANT.” By J. CourTnEY and

D. K. CLarg. Price T/O.

Steam Boilers:

Their Construction and Management. By R, ArmsTrRONG, C.E. Illustrated

1/6
Steam and Machinery Management.

A Guide to the Arrangement and Economical Management of Machinery.
By M. Powis BaLg, M.Inst. M.E. . : . . . : . 2/6

Steam and the Steam Engine,
Stationary and Portable. Being an Extension of the Treatise on the Steam
Engine of Mr. J. SEweLL. By D. K. Crark, C.E. Fourth Edition 3/6
The Steam Engine,
A Treatise on the Mathematical Theory of, with Rules and Examples for

Practical Men. By T. Baker, C.E. . : : - - . 1/6
The Steam Engine.
By Dr. LArRDNER. Illustrated . . iy Wa T N e R R

Locomotive Engines.

By G. D. Dempsey, C.E. With large Additions treating of the Modern

Locomotive, by D. K. CrLark, M.Inst.C.E. . . g bk . 310
Locomotive Engine-Driving.

A Practical Manual for Engineers in charge of Locomotive Engines. B

MicHaeL REvioLps. Eleventh Edition. 3s. 64. ; cloth boards . 4{&
Stationary Engine-Driving.

A Practical Manual for Engineers in charge of Stationary Engines. By

MicHaEL REvNOLDS. Seventh Edition. 3s. 64. ; cloth boards . 4/6
The Smithy and Forge.

Including the Farrier's Art and Coach Smithing. By W, J. E. Cranr.

Fourth Edition . . R s e . . . . 2/6
Modern Workshop Practice,

As applied to Manne, Land, and Locomotive Engines, Floating Docks,

Dredging Machines, Bridges, Ship-building, &c. By J. G. ﬁv:wmw_

Fourth Edition, Illustrated . R L . R . 3/6

Mechanical Engineering.

‘Confprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop

achinery, Mechanical Manipulation, Manufacture of the Steam Engine,
&c. fy rANCIS Camprin, C.E. Third Edition . A i . 2/6
Details of Machinery.

Comprising Instructions for the Execution of various Works in Iron in the
Fitting-Shop, Foundry, and Boiler-Yard, By Francis Camrein, C.E. 3/0
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Elementary Engineering:

A Manual for Young Marine Engineers and Apprentices. In the Form of

Questions and Answers on Metals, Alloys, Strength of Materials, &c.

By J. 5. Brewer. Fifth Edition . - - g s . . 1/8
Power in Motion:

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Drivin

Bands, Angular Forces, &c. By James Armour, C.E, Third Edition 2{5
Iron and Heat,

Exhibiting the Principles concerned in the Construction of Iron Beams,

Pillars, and Girders. By J. Armour, C.E. . . o . . 2/6
Practical Mechanism,

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and

Machinery, by J. NasmvyTH, C.E. ; ; : ’ - 2 . 216
Mechanics:

Being a concise Exposition of the General Principles of Mechanical Science,

and their Applications. By CrarLes Tomunson, FFRS. . . 1/6
Cranes (The Ennatructiun of),

And other Machinery for Raising Heavy Bodies for the Erection of Build-

ings, &c. By Josern Grvwwn, F.R.S5. g 2 : : . . 1/6

NAVYIGATION, SHIPBUILDING, ETC.

The Sailor’s Sea Book:
A Rudimentary Treatise on Navigation. By James Greexwoon, B.A.
With numerous Woodcuts and Coloured Flates. New and enlarged
Edition, By W. H. Rosser . . . e -G . . .« 2/86
Practical Navigation.
Consisting of THE SaiLor’s SEa-Book, by James Greenwoob and W. H.
Rosser ; together with Mathematical and Nautical Tables for the Workin
of the Problems, by Henry Law, C.E., and Prof. J. R, Younc. T/
Navigation and fla.utinn.l hstrnnomy,
In Theory and Practice. By Prof. J. R. Younc. New Edition. 2/6
Mathematical Tables,
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is
refixed a Treatise on Logarithms. By H. Law, C.E. Together with a
gcries of Tables for Navigation and Nautical Astronomy. By Professor J.
R. Youxc. New Edition . :

SR
Masting, Mast-Making, and Rigging of Ships.
Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes,
&ec., relative to every class of vessels. By RoserT Kipring, N.A.. 2/0
Sails and Sail-Making.
With Draughting, and the Centre of Effort of the Sails. By RoserT
Kiering, N.A. . . . . . . . i a - . 2/6
Marine Engines and Steam Vessels.
By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi-
tions by the Author and by GeorGe CarrisLg, C.E, . . . 4/6

Navwval Architecture:
An Exposition of Elementary Principles, By James PEAke . . 3/6

Ships for Ocean and River Service,
Principles of the Construction of. By Hakon A. SoMMERFELDT . 1/86
Atlas of Engravings
- To Illustrate the above. Twelve large folding Plates. Royal 4to,cloth T/6
The Forms of Ships and Boats.

By W. Braxp. Tenth Edition, with numerous Illustrations and
Models . : s 5 ] 2 : 3 s : 7 ¢ - 1/6
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ARCHITECTURE AND. THE&E

BUILDING ARTS.

Constructional Iron and Steel Work,
As applied to Public, Private, and Domestic Buildings. By Fraxcs
Campin, C.E. . : : : . - ; = - i . 3/6

Building Estates:

A Treatise on the Development, Sale, Purchase, and Management of Duild-
ing Land. By F. MarrLasp, Third Edition . 5 . - . 210

The Science of Building :
An Elementary Treatise on the Principles of Construction. By E. Wynp-
HAM Tarn, M.A. Lond. Fourth Edition . ) : A = . 3/6
The Art of Building: ,
General Principles of Construction, Strength, and Use of Materials, Working
Drawings, Specifications, &c. By Epwarp Dosson, M.R.LLEA. . 2/0
A Book on Building,
Civil and Ecclesiastical. By Sir Epmuxp Beckerrt, Q.C. (Lord Grim.
THORPE). Second Edition . : . g - : . - :
Dwelling-Houses (The Erection of),
Illustrated bya Perspective View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Estimates. By 5. H. Brooxs, Architect 2/6
Cottage Building.
By C. Bruck ALLEN, Twelflth Edition, with Chapter on Economic Cot-
tages for Allotments, by E. E. AvLexn, C.E. . . . . . 2/0

Acoustics in Relation to Architecture and Building :
The Laws of Sound as applied to the Arrangement of Buildings. By Pro-
fessor T. Roger SmitH, F.R.1.B.A. New Edition, Revised . . 1/6
The Rudiments of Practical Bricklaying.

General Principles of Bricklaying; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, &c. By Apam Hammonp. With 68 Woodcuts

The Art of Practical Brick Cutting and Setting, 3
By Apam Hammonp., With go Engravings . . . . - 1/6

Brickwork :

A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof
Tiling, &c. By F. WALKER . - . A . X . 1/6

Bricks and Tiles,

Rudimentary Treatise on the Manufacture of ; containing an Qutline of the
Principles of Brickmaking. By E. Doseson, M.R.I.LB.A, Additions b
C. Tomuinsown, F.R.5. Illustrated . ! g . . . . 3;5

The Practical Brick and Tile Book.
Comprising : Brick axp Tiie Making, by E. Dosson, M.InsT.C.E.:
Practical ﬁRICRLhTIHG, by A. HammonD ; BRICK-CUTTING AND SETTING,
by A. HammonDp. 550 pp. with 270 Illustrations, half-bound . . B6/0
Carpentry and Joinery—
THE ELEMENTARY Princivies oF CArPENTRY. Chieflycomposed from the

Standard Work of THomas TrepcoLp, C.E. With Additions, and TREATISE
ON JOINERY, by E. W. Tarn, M.A., Eighth Edition . . . 3/6

Carpentry and Joinery—Atlas

Of 35 Plates to accompany and Illustrate the foregoing book. With
Descriptive Letterpress. 4to . ‘ : : . . . . 8/0
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A Practical Treatise on Handrailing;
Showing New and Simple Methods. By Geo. Corrings. Third Edition,
including a TREATISE ON STAIRBUILDING. With Plates . . . 2/8

Circular Work in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and Double Curvature.
By GeorceE CorrLings. Third Edition . . 1 g i . 2/6

Roof Carpentry:

Practical Lessons in the Framing of Wood Roofs. For the Use of Workin
Carpenters. By Geo. CoLLINGS . . . . . . . k)

The Construction of Roofs of Wood and Iron:

Deduced chiefly from the Works of Robison, Tredgold, and Humber. %
E. WynDHAM Taryn, MLA., Architect. Fourth Edition . - . |

The Joints Made and Used by Builders.
By WyviLL J. CHrisTY, Architect. With 160 Woodcuts - . 30

Shoring
And its Application: A Handbook for the Use of Students. By GEorGE
H. Bracrove. With 3t Illustrations T « « s« 1/8

The Timber Importer’s, Timber Harcha.nt’s, and

Builder's Standn.rd Gulda.
By R. E. GrRanpy . . o A . . 2/0

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By Wa. PaTon BucHAN.
Ninth Edition, with s12 Illustrations . . Tk S . .« 36

Yentilation:
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P,
HLCHAH R.P., Author of * Plumbing,” &c. With 170 Illustrations J3/6

The Practical Plasterer:
A Compendium of Plain and Ornamental Plaster Work. By W, Kempr 2/0

House Painting, Graining, Marbling, & Sign Writing.

With a Course of Elementary Drawing, and a Collection of Useful R:m
By Ecnis A. Davipsox. Eighth Edition. Coloured Plates . élm

* * The above, in cloth boards, strongly bound, 6/0Q

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By GEORGE FiELD. New
Edition, enlarged, by ELuis A, Davipson. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By James W. Facev. Illustrated 2/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By James W. Fn&nﬁ
s * The last two Works in One handsome Vol., kalf-bound, entitled ' Housg
DecorAaTION, ELEMENTARY AND PRACTI:.*.L." price 5/0.

Portland Cement for Users.
By Hexkry Farja, A.M.Inst.C.E. Third Edition, Corrected. . 2/0

Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. Burnerr. C.E. Fifteenth Edition. . , . . 1/8




8 WEALE'S SCIENTIFIC AND TECHNICAL SERIES.

Masonry and Stone-Cutting. N A
The Principles of Masonic Projection and their application to Construction.
By Epwarp Dosson, MMRLLB.A. . . . . . . 2/6

Arches, Piers, Buttresses, &c.: :
Experimental Essays on the Principles of Construction. By W. BL.!;I’*}E

Quantities and Measurements,
In Bricklayers’, Masons’, Plasterers’, Plumbers', Painters’, Paperhangers',
Gilders', Smiths', Carpenters’ and Joiners' Work. By A. C. BEaton. 1/6

The Complete Measurer:
Setting forth the Measurement of Boards, Glass, Timber and Stone. By R.
Horton. Sixth Edition . . . U T

Guide to Superficial Measurement :
Tables calculated from r© to zoo inches in length, by 1 to 108 inches 1n
breadth. For the use of Architects, Surveyors, Engineers, Timber Mer-
chants, Builders, &c. By James Hawkings. Fifth Edition . . 3/6

Light:
An Introduction to the Science of Optics. For the Use of Students of Archi-
tecture, Engineering, and other Applied Sciences. By E. W. Tarn,

M.A. PR e i S [
Hints to Young Architects.

By Georce WicHTwICcK, Architect. Sixth Edition, revised and enlarged
by G. HuskissoNn GUILLAUME, Architect . . g - - . 3/6

Architecture—Orders:
The Orders and their /Esthetic Principles. By W. H. LEeps. Illustrated.

1/6
Architecture—Styles:

The History and Description of the Styles of Architecture of Various
Countries, from the Earliest Period. By T. Tavsor Bury . . 2/0

*.* ORDERS AND STYLES OF ARCHITECTURE, in One Fol.,, 3/6.

Architecture—Design:
The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothic Architects. By Epw.
Lacy GARBETT, Architect. Illustrated . . = - A . 2/6
Yo' The three preceding Works in One handsome Vol., half-bound, entitled
“*MopERN ARCHITECTURE,” price 6/0.

Perspective for Beginners.
Adapted to Young Students and Amateurs in Architecture, Painting, &c.
By GeorGeE PyNE ‘ . - : 2/0

Architectural Modelling in Paper.
By T. A. Riciarpsox. With Illustrations, engraved by O. JewitTr 1/6

Glass Staining, and the Art of Painting on Glass.

From the C:trman of Dr. GESSERT and EmanveL OtrTo FrROMEERG., With
an Appendix on THE ArT oF ENAMELLING . : . - . 2/6

Vitruvius—The Architecture of.

In Ten Books. Translated from the Latin by Josern GwiLt, F.S.A.
F.R.A.S. Withz3Plates . . . e

N.B.—This is the only Edition of VITRUVIUS procurabie at a moderate price.

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece. By the EARL oF ABERDEEN. 1 /O

*o The two ﬁref.m";}:rg Works in One handsome Vol., half-bound, entitled
" ANCIENT ARCHITECTURE," price 6/0.
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums.
A Guide to the Manufacture and Application of Agglutinants. With goo
Recipes and Formule. By H. C. STaxpace . 5 ! - 2/0
Clocks, Watches, and Bells for Public Purposes.
A Rudimentary Treatise. By Epmunp Beckerr, Lokp GRIMTHORPE,
LL.D., K.C., F.R.A.S5, Eighth Edition, with new List of Great Bells and

an Appendix on Weathercocks. [ Sust published. 4/6
*<* The above, handsomely bound, cloth boards, §5|6.
Electro-Metallurgy,

Practically Treated. By AvLexaxper WATT. Tenth Edition . 3/6
The Goldsmith’'s Handbook.

Containing full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels,
&c., &c. By Georce E. Gee. Sixth Edition . . : ‘ . 3/0

The Silversmith's Handbook,
On the same plan as the GovpsyiT's Haxprook. By G. E. Ger. 3/0
"« The last two Works, in One hanasome Vol., half-bound, T|0.

The Hall-Marking of Jewellery.
Comprising an account of all the different Assay Towns of the United
Kingdom; with the Stamps and Laws relating to the Standards and Hall
Marks at the various Assay Offices. By GeorGe E. GER - . 3/0

French Polishing and Enamelling.
Numerous Recipes for making Polishes, Varmishes, &c. By R. BirmeaDp.

1/6
Practical Organ Building.
By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6
Coach-Building:
A Practical Treatise. By James W. Burcess. With g7 Illustrations 2/6

The Cabinet-Maker's Guide
To the Entire Construction of Cabinet-Work. By R. BitMmeanp . 2/6

The Brass Founder's Manual:
Instructions for Modelling, Pattern Making, &c. By W. Grauam . 2/0

The Sheet-Metal Worker's Guide.
For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Craxe. 1/6

Sewing Machinery:

Its Construction, History, &c. By J. W. UrquuarT, C.E. . . 2/0
Gas Fitting: .
A PracticalHandbook. By Jouwn Brack., New Edition : . 2/6

Construction of Door Locks.
From the Papersof A. C. Hogpes. Edited by C. Tomrinsor, F.R.5. 2/6

The Model Locomotive Engineer, Fireman, and
Engine-Boy.

By MicHaeL REvynoLDS . - . ' . : . - . 36

The Art of Letter Painting made Easy.

By J. G. BapeEnocH. With 12 full-page Engravings of Examples . 1/6

The Art of Boot and Shoemaking.

Measurement, Last-fitting, Cutting-out, Closing, &c. By J. B. Lexo. 2/0
Mechanical Dentistry:

By CuarLEs HunteEr. Fourth Edition . . : . - 3/0
Wood Engraving:

A Practical and Easy Introduction to the Art. By W. N. Brown . 1/6

Laundry Management. 4
A Handbook for Use in Private and Public Laundries . . . 2/0

_—

L
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AGRICULTURE, GARDENING, ETC,

Draining and Embanking : ;
A Practizal Treatise. By Prof. Joux Scorr. With 68 Illustrations 1/6

Irrigation and Water Supply:
A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.;
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. Jonn
ScorT. With 34 Illustrations . . < - . ‘ - 1/6

Farm Roads, Fences, and Gates:
A Practical Treatise on the Roads, Tramways, and Waterways of the
Farm; the Principles of Enclosures; and the different kinds of Fences,
Gates, and Stiles. By Prof. Joux Scorr. With 75 Illustrations . 1/6
Farm Buildings:
A Practical Treatise on the Buildings necessary for various kinds of Farms,

their Arrangement and Construction, with Plans and Estimates. By Prof.
Joun ScorT, With 105 Illustrations . - . . . . - 20

Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, Dairy, &c. By Prof J. Scorr. With 123 Illustrations.

. 2/C

Field Implements and Machines:
With Principles and Details of Construction and Points of Excellence, their
Management, &c. By Prof. Joun ScorTt. With 138 Illustrations . 2/0

Agricultural Surveying :
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions
for Valuing Estates. By }-'ra . J. Scort. With 6z lllustrations . 1/g

Farm Engineering.
By Professor Joun ScorT. Comprising the above Seven Volumes in One
1,150 pages, and over 6oo lllustrations. Half-bound . . 1 zl,fd

Outlines of Farm Management.

Treating of the General Work of the Farm; Stock: Contract Work :
Labour, &c. By R. ScorT Burx R N d 'rm: : %rl.ré

Outlines of Landed Estates Management,
Treating of the Varieties of Lands, Methods of Farming, Setting-out of

Farms, Roads, Fences, Gates, Drainage, &c. By R. ScorT Burx. 2/6
Soils, Manures, and Crops.
(Vol. I. Ourrines oF Mopern Farming.) By R. Scorr Burn . 2/0

Farming and Farming Economy.
(Vol. II. OuTLiNEs OF MovErN Farming.) By R. Scort Burx 3/0

Stock: Cattle, Sheep, and Horses.
(Vol. ITL. Ourrines oF MopeErn Farmive.) By R. Scorr Burn 2/6

Dairy, Pigs, and Poultry.
(Vol. IV. Ourrines oF MoperN FarMinG.) By R. Scort Burn 2/0

Utilization of Sewage, Irrigation, and Recl i
of Waste Land. - e

(Vol. V. OuTLinEs oF MopeErN Farminc.) By R. Scort Burx. 2/6

Outlines of Modern Farming.

By R. Scorr Burn. Consisting of the above Five V

'l -
1,250 pp., profusely Illustrated, half-bound LR A

» =+ '« 12/0
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Book-keeping for Farmers and Estate Owners,

A Practical Treatise, presenting, in Three Plans, a system adapted for all
classes of Farms. By J. M. Woubmaxn. Fourth Edition : . 2/6

Ready Reckoner for the Admeasurement of Land.
By A. Arman, Revised and extended by C. Norgris. Fifth Edition 2/0

Miller's, Corn Merchant’'s, and Farmer's Ready

Reckoner.
Second Edition, revised, with a Price Llst of Modern Flour Mill Machinery,
by W. S. Hunun,[.h. . 2 R . e . . 2/0

The Hay and Straw Measurer.

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JoHN STEELE . . - 3 B . F . 210

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers' Meat.

By Joun EWART . . » x . : E 4 . . 2/8
Sheep:

The History, Structure, Economy, and Diseases of. By W. C. Srooner,

M.R.V.5. Fifth Edition, with fine Engravings - b = . 36

Market and Kitchen Gardening.
By C. W. Snaw, late Editor of ** Gardening Illustrated " « « 3B

Kitchen Gardening Made Easy.

Showing the best means of Cultivating every known '\"cgﬁtable and Herb,
&c., with directions for management all the ycar mund Georce M. F.
GLENNY. lllustrated . i : - . . « 1/6

Cottage Gardening :
Or Flowers, Fruits, and Vegetables for Small Gardens. By E. HGBI?IJ}'\F.
(57

Garden Receipts.
Editedby CHARLES W.QUIN . .+ & &« & =« = = 1/8

Fruit Trees,

The Scientific and Profitable Culture of. From the French of M. Du
Brevir. Fifth Edition, carefully Revised b}* GeorGE GLENNY, With

187 Woodcuts - - . . . . . - - . G!'B

The Tree Planter and Plant Propagator:

With numercus Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By SamueL Woob R = . % . . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous Illustrations. B} Samuer Woon 1/6

s % The above Two Vels. in One, kandsomely half-bound, price 3/6.

The Art of Grafting and Budding.

By CuarLEs BaLTeET. With Illustrations ¢ = @ W, « 28

s
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12 WEALE'S SCIENTIFIC AND TECHNICAL SERIES.

MATHEMATICS, ARITHMETIC, ETC.
Descriptive Geometry,

An Elementary Treatise on; with a Theory of Shadows and of Perspective,
extracted from the French of G. MonGE. To which is added a Description
of the Principles and Practice of Isometrical Projection. B}' J. F. HEATHEE,
M.A. With 14 Plates . . . : : T . . 2/0

Practical Plane Geometry :
Giving the Simplest Modes of Constructing Figures contained in one Plane
and Geometrical Construction of the Ground. By J. F. HeaTuer, M.A.
With 215 Woodcuts . . . 2/0

Analytical Geometry a.nd Gnnm Eact-mnﬂ,
A Rudimentary Treatise on. éﬁh‘lﬂs Hann. A New Edition, re
written and enlarged by Professor _Iv YounG . . 3 .

Euclid (The Elements of).
With many Additional Propositions and Explanatory Notes; to which is
prefixed an Introductory Essay on Logic. By Henry Law, CR.. 2/6

* .~ Sold also separately, viz :—
Euclid. The First Three Books. By Hexrvy Law, C.E. . . . 1/6

Euclid. PBoocks 4, 5, 6, ‘11, 12. By HENnkY Law, CE. . : . 118
Plane Trigonometry,
The Elements of. By James Haxn. . . . : . . 116

Spherical Trigonometry,
The Elements of. By James Hanx. Revised by CuarrLes H. Dow-

LinG, C.E. . . . . . 1/0
* ¥ Orwith ' The .E:’emme's af anur Tﬂgﬂﬂﬂmr!ry, " i One Volume, 2'6
D:ﬂ’arantial Calculus, 4

Elements of the. By W. 5. B. WooLuousg, F.R.A.S., &c. . . 1/6
Integral Calculus.

By HomersHam Cox, B.A. 3 ; = = : - : . 1/6
Algebra,

The Elements of. By James Happow, M.A. With Appendix, contammz

Miscellaneous Investigations, and a Collection of Problems : 2/0

A Key and Companion to the Above.

An extensive Repository of Solved Examp]ts and Problems in Algebra.
By J. R. Yourng . . . : : Vit .. 1/8

Commercial Bnuk-keaplng

With Commercial Phrases and Forms in English, French, It;:.ha.n, and
German. By James Happown, M.A. . : ; ‘ : - 1/6

Arithmetic,
A Rudimentary Treatise on. With full Explanations of its Theoretical
Principles, and numerous Examples for Practice. For the Use of Schools
and for Self-Instruction. By J. R. Young, late Pmﬁ:swr of Mathematics

in Belfast College. Thirteenth Edition . . ot e TS
A KEY to the Above.
iy J. R. Young . . - . . . . N . 1/6

Equational .ﬁmthmatm,

Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with various Tables b}' which all Calculations may be greatly
facilitated. By W. HirsLEY : : : 1/6

Arithmetic,

Rudimentary, for the Use of Schools and Self-Instruction. 5
Happow, M.A. Revised by ABrAnAM Am.u:;r i - EY.JWM;E

A Key to the Above.
Byelle ERAMT & ) cetveswor et cn e Db o 1/6
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Mathematical Instruments:
‘Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. Heatuger, M.A., of the Royal Military Academy, Woolwich.
Fifteenth Edition, Revised, with Additions, by A. T. WaLmisLEy,
M.I.C.E. Original Edition, 1n 1 vol., Illustrated . . . . 210
2 In ordering the above, be careful to say “Original Edition," or give the
numbher in the Series (32), fo distinguish it from the Enlarged Edition in
3 vols. (as _follows)—

Drawing and Measuring Instruments.
Inciuding—I. Instruments employed in Geometrical and Mechanical Draw-
ing, and in the Construction, Copying, and Measurement of Maps and
Plans. 1l. Instruments used for the purposes of Accurate Measurement,
and for Arithmetical Computations. By J. F. HEATHER, M.A. . 1/6

Optical Instruments.
Including (more especially) Telescopes, Microscopes, and Apparatus for
producing copies of Maps and Plans by Photography. By J. F. HEATHER,
M.A. Illustrated A . - = - . . . . 1/6

Surveying and Astronomical Instruments.
Including—I. Instruments used for Determining the Geometrical Features
of a portion of Ground. 1I. Instruments employed in Astronomical Ob-
servations. By J. ¥. HEaTtuer, M.A. Illustrated. : G . 1/6

* . The above three volumes form an enlargement of the Author's original work,
“ Mathematical Instruments,” price 2/0. (Described at top of page.)

Mathematical Instruments:
Their Construction, Adjustment, l'esting and Use. Comprising Drawing,
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F.
HeaTHer, M.A. Enlarged Edition, for the most part entirely re-written.
The Three Parts as above, in One thick Volume. 3 i )

The Slide Rule, and How to Use It.
Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARLES Hoarg,

C.E. With a Slide Rule, in tuck of cover. Eighth Edition . . 2/6
Logarithms.

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical

Calculations. By HeExry Law, C.E. Revised Edition . . 30

Compound Interest and Annuities (Theory of).
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 FEpor THomaN, Paris. Fourth Edition . 4/0

Mathematical Tables,
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is
refixed a Treatise on Logarithms. By H. Law, C.E. Together with a
geries of Tables for Navigation and Nautical Astronomy. By Professor J.

R. Young. New Edition . : " : 4 . ° . . 4/0
Mathemadtics,

As applied to the Constructive Arts. By Fraxcis Cameiy, CE., &c.

Thod:Ealla® = & 5 e = wo we e e e AR
Astronomy. g i h

By the late Rev. RoperT MaiN, F.R.S. Third Edition, revised and cor-

rected to the Present Time. By Ww. T. Lvny, F.R.AS. . ! . 210

Statics and Dynamics,
The Principles and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, C.E.
Fourth Edition . . . 4 - - ; . s s 18
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BOOKS OF REFERENCE AND
MISCELLANEQUS VYOLUMES.

A Dictionary of Painters, and Handbook for Picture
Amateurs.
Being a Guide for Visitors to Public and Private Picture Galleries, and for
Art-Students, including Glossary of Terms, Sketch of Principal Schools of
Fainting, &c. By PHiLirpe Darve, B A, . . . i . 216
Painting Popularly Explained.

By T. ]J. GurLLick, Painter, and Joun Trmmes, F.5.A. Including Fresco,
Oil, Mosaic, Water Colour, Water-(ilass, Tempera Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition §/0

A Dictionary of Terms used in Architecture, Build-
ing, Engineering, Mining, Metallurgy, Archze-

ology, the Fine Arts, &c.
By Joun WEALE. Sixth Edition. Edited by R. Hunt, F.R.5. . §/0

Music:

A Rudimentary and Practical Treatise. With numerous Examples. By

CHARLES CHILD SPENCER . : 4 g : 2 . . 2/6
Pianoforte,

The Art of Playing the. With numerous Exercises and ILessons. By

CHARLES CHILD SPENCER . . = o ek ik . <« 1/86

The House Manager.

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine-
making, Gardening, &c. DBy An OLp HouSeEKeEeErErR : 36

Manual of Domestic Medicine.
By R. Gooping, M.D. Intended as a Family Guide in all cases of
Accident and Emergency. Third Edition, carefully revised . . 210

Management of Health.
A Manual of Home and Personal Hygiene. By Rev. James Bairp 1/0

Natural Philosophy,
For the Use of Beginners. By CuarLes Tomrinsox, F.R.S. . . 1/6

The Elementary Principles of Electric Lighting.
By Aran A, CampserLr Swinton, M.IxsT.C.E., M.L.E.E. Fifth

Edition e L - [ Sust Pubiished 1/6
The Electric Telegraph,
Its History and Progress. By R. Saming, C.E.,, F.S.A..&c. . . 3/0
Handbook of Field Fortification.
By Major W. W. KnoLrys, F.R.G.5. With 165 Woodcuts . . 3/0
Logic, £3 |
Pure and Applied. By S. H.Emmens .~ . . . . . 1/8

Locke on the Human Understanding,

Selections from. With Notes by S. H. EMMENs =iy, - 116

The Compendious Calculator .
(Intuitive Calcwlations). Or Easy and Concise Methods of Performing the
various Arithmetical Operations required in Commercial and PBusiness

1 Transactions ; together with Useful Tables, &:. By Daniter. O GorManw.
: Twenty-eighth Edition, carefully revised by C. Norris . . . 2/6
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Measures, Weights, and Moneys of all Nations.
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. 5. B. WooLhousg, F.R.A.S,, F.5.5. Seventh Edition . 2/6

CGrammar of the English Tongue,
Spoken and Written. With an Introduction to the Study of Comparative
Philology. By Hype Crarke, D.C.L. Fifth Edition. . g . 1/6

Dictionary of the English Language.
As Spoken and Written. Containing above 100,000 Words. By Hvpe

CraRee, BICL. v+ & & o & & s e 4 S

Composition and Punctuation,
Familiarly Explained for those who have neglected the Study of Grammar.
By JusTin BrRENAN. Nineteenth Edition. g TR S N T

French Grammadr.
With Complete and Concise Rules on the Genders of French Nouns. B
G. L. STrauss, Ph.D. . - - o - . s - ; 1;&

English-French Dictionary.
Comprising a large number of T'erms used in Engineering, Mining, &ec.
By AvuFrep ELwes . : % . 2 : : : :
French Dictionary.
In two Parts—I. French-English. Il. English-French, complete in
One Vol 2 . . : : . - ‘ . . . 3/0

French and English Phrase Book.
Containing Introductory Lessons, with Translations, Vocabularies of Words,
Collection of Phrases, and Easy Familiar Dialogues . : . « 1/8

German Grammar.
Adapted for English Students, from Heyse's Theoretical and Practical
Grammar, by Dr. G. L. STrauss . = : : - : . 1/6

German Triglot Dictionary.
By N. E. 5. A, Hamirton. Part I, German-French-English. Part II.
English-German-French. Part 111, French-German-English . . 30

German Triglot Dictionary.
(As above). Together with German Grammar, in One Volume . B5/0

Italian Grammar.
Arranged in Twenty Lessons, with Exercises. By Avrrep ELwes. 1/6

Italian Triglot Dictionary,
Wherein the Genders of all the Italian and French Nouns are carefull
noted down. By ALFreEp ELwgs. Vol. 1. Italian-English-French. E;é’

Italian Triglot Dictionary.
By AvrFreEp ELwes. Vol. 11, English-French-Italian . . . 2/86

Italian Triglot Dictionary.
By AvrFrep ELwgs, Vol. 111. French-Italian-English . " . 2/6

Italian Triglot Dictionary.
(As above). In One Vol. . .

Spanish Grammar.
~ InaSimple and Practical Form. With Exercises. By ALFrep ELwes 1/6

Spanish-English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering,
&ec., with the proper Accents and the Gender of every Noun. By ALFRED

ELwes . K ? b . 2 . . & : . 4/0
. & Orovith the GRAMMAR, 8§/Q, 0w o,

. . . . - - . TIII-B
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StaTioNERs' HaLr Courr, Lowpor, E.C.

CROSBY LOCKWOOD & SON’S
Catalogue of

Scientific, Technical and
Industrial Books.

PAGE PAGE
MECHANICAL ENGINEERING . 1 CARPENTRY & TIMBER « o 28
CIVIL EMGINEERING . . . . 10 DECORATIVE ARTS . . « . « 81
MARINE ENGINEERING, &c. . 17 NATURAL SCIENCE . . . . . 88
MINING & METALLURGY : =+ 19 CHEMICAL MANUFACTURES . 34
COLLIERY WORKING, &c. - . 21 INDUSTRIAL ARTE . . . + . 8B
ELEOTRICITY . . . . « +« « 28 COMMERCE, TABLES, &c. . . 41
ARCHITECTURE & BUILDING . 28 AGRICULTURE & GARDENING:. 43
SANITATION & WATER SUPPLY 28 AUCTIONEERING, VALUING, &c. 46

LAW & MISCELLANEOQUS. . . 47
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MECHANICAL ENGINEERING, ETC.

THE MECHANICAL ENGINEER'S POCKET-BOOK.

Comprising Tables, Formulae, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KinNgAR CLARK, M. Inst. C.E.,
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. PowLEs,
A.M.IC.E., M.\IL.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover,
rounded corners. [Sust Published. Net 8/0

SUMMARY OF CONTENTS :—MATHEMATICAL TABLES.—MEASUREMENT OF SURFACES
AND SOLIDS,—ENGLISH WEIGHTS AND MEASURES.—FRENCH METRIC WEIGHTS AND
MEASURES.—FOREIGN WEIGHTS AND MEASURES,—MONEYS.—SPECIFIC GRAVITY,
WEIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPES.—BOLTS AND NUTS.—
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, ZINC.—
STRENGTH OF MATERIALS, —STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF COPPER,
LEAD, &c.—BESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—RIVETED JOINTS
IN BOILER PLATES.—BOILER SHELLS.—WIRE ROPES AND HEMP ROPES,.—CHAINS AND
CHAIN CABLES. —FRAMING. —HARDNESS OF METALS, ALLOYS, AND STONES.—LABOUR OF
ANIMALS. —MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF BODIES.—ACCELERATING
AND RETARDING FORCES.—MILL GEARING, SHAFTING, &c,—TRANSMISSION OF MOTIVE
POWER.—HEAT.—COMBUSTION: FUELS.—WARMING, VENTILATION, COOKING STOVES.—
STEAM.—STEAM ENGINES AND BOILERS.—RAILWAYS.— TRAMWAYS.—STEAM SHIPS.—
PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS ENGINES, &c.—AIR IN MOTION,
—COMPRESSED AIR.—HOT AIR ENGINES.—WATER POWER.—SPEED OF CUTTING TOOLS,
—COLOURS.—ELECTRICAL ENGINEERING.

* Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket-
book, and he is rea.]]:,r unrivalled in the art of condensation. It is very dil'ﬁ_cult to hit upon any
mechanical engineering subject concerning which this work supplies no information, and the
excellent index at the end adds to its utility. In one word, it is an qrceedlnﬁir handy and efficient
tool, possessed of which the engineer be saved many a wearisome calculation, or yet more
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend
It to our readers.”— Engineer.

It would be found difficult to compress more matter within a similar compass, or produce a
book of 700 which should be more compact or convenient for pocket reference. . , . Will
be .mhm mechanical engineers of all classes."—Fractical Engineer.

L A



2 CROSBY LOCKWOOD & SON'S CATALOGUE.

MR. HUTTON'S PRACTICAL HANDBOOKS.

THE WORKS' MANAGER'S HANDBOOK.

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights
and Boiler Makers; Tool Makers, Machinists, and Metal Workers ; Iron an

Brass Founders, &c. By W. 5. HurTon, Civil and_Mcchaz:!n:_:aJ Engineer,
Author of ““The Practical Engineer's Handbook.” Sixth Edition, carefully
Revised, and Enlarged. In One handsome Volume, medium 8vo, stl_'lnusg!l

bﬂ‘ll.lfld i & L] L L] £l # - " - " " L]

B The Author having compiled Rules and Data for his own use in a great

variety of modern engincering work, and having found his notes extremely useful,

decided to publish them—revised to date—believing .!Jm.!I ; bpmchml work, swited to
£

the DAILY REQUIREMENTS OF MODERN ENGINEERS, W0 favourably received.

“Of this edition we may repeat the appreciative remarks we made upon the first and third.
Since the appearance of the latter very considerable modifications have been made, although the

total number l;l-i:jpa.g'ﬁ remains almost the same. It is a very useful collection of rules, tables, and
workshop and drawing office data.”"— Fhe Engineer, M

ay 1o, 1895,
* The author treats every subject from the point n¥ viewag? one who has collected workshop
notes for application in workshop practice, rather than from the theoretical or literary aspect. The

volume contains a great deal of that kind of information which is gained only by practical experience,
and is seldom written in books."— Fhe Engineer, June g, 1885,

“ The volume is an exceedingly useful one, brimful with engineer's notes, memoranda, and
sules, and well worthy of being on every mechanical engineer’s bookshelf."—Mechanical World,
" The information is precisely that likely to be re-ti[glmd in practice. . . . The work forms
r

a desirable addition to the lib not only of the works' manager, but of any one connected with
general engineering."—Mining Fowrnal,

* Bnmful of vseful information, stated in a concise form, Mr. Hutton's books have met a

pressing want among engineers. The book must prove extremely useful to every practical man
pome&ffng a copy.”'—FPraclical Engineer.

THE PRACTICAL ENGINEER’S HANDBOOK.

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive
and Stationary. And containing a large collection of Rules and Practi

Data relating to Recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WaLTer S. HuTTON,
Civil and Mechanical Engineer, Author ufgz' Thcn’ﬁ’mks' Manager's Handbook
for Engineers,” &c. ith upwards of 420 Illustrations. Sixth Edition,
Revised and Enlarged. Medium 8vo, nearly sfo pp., strongly bound. 18/0

B This Work 4s designed as a companion fo the Author's " Works'
Manacer's Hanosook." It possesses many new and original features, and con.
tains, like its predecessor, a quantity of matter not originally intended for publication

but collected by the Author for his own use in the construction of a great variety of
Mopern ENGINEERING WORK.

The information is given in a condensed and concise form, and is illustrated by
upwards of 420 Engravings; and comprises a guantity of tabulated matter of great
value to all engaged in designing, constructing, or estimating for ENGINES, BOILERS,
and OTHER ENGINEERING WORK.

"We have kept it at handvor several weeks,

to it as occasion arose, and we have not

_ referring
‘.':1; single occasion consulted its pages without finding the information of which we were in quest.'’

M,

" A thoroughly good practical handbook, which no engineer th arming
something that WEE of s-efvice to him. "— Marine Enﬁmncfn ST SR ML

" An excellent book of reference for engineers, and a valuable text-book for students of
engineering. " —Scorsman.

"This valuable manual embodies th ults and :
mechanical Eﬂﬂillﬂaﬁn.g'."—ﬂuﬂd;'ﬂf Ni‘ﬂ.’s,ﬂ res an GIP'Ul‘iEI.'IEH of the ]ﬂdﬁlﬂz authorities on

** The author has collected together a surprising quantity of rules and practical data

shown much judgment in the selections he has made. q- . t]r Tzf"m ismnu dnuhttthnt thﬁmtiﬁ

one “[..th" most useful of its kind published, and will be a very popular compendium.”— Engvneer.

A mass of information set down in simple language, in such a form that it can be easil
:;;rﬂ:;r:flu totat l;my m“"?h 'II;:E l:n'ntt]t]e; 13 uniformly good and well chosen, and is greatly elucid
ustrations. [ nd its to engineers’ here ill rank

one of ﬂ;; Em:t ml books of mfemnca;":;rmﬂfﬂmin}g}imn. sgrorgs g 5
* Full of uy informa office shelf INEers

TR St tien, and should be found on the of all practical engineers.

il
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MR. HUTTON'S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION,

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. ]%6 WaLTer S. Hurron, Civil and
Mechanical Engineer, Author of ** The Works' Manager's Handbook," ** The
Practical Engineer's Handbook,” &c. With upwards of soo Illustrations.
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 630 pages,
cloth, strongly bound. [Just Published. 18/0

Tais WoRrk s tssued tn confinuation of the Sevies of Flandbooks written
by the Author,viz. :(—"" THE Works' MaNaGer's Hanpeook " and * Tug PracricaLn
Encineer's HawoBook," which are so highly appreciated by engincers for the
practical nature of their information; and s consequently wrillen in the same style
as those works.

The Author believes that the comcentratiom, in a convenient form for easy
reference, of such a large amount of thoroughly practical information on Steam-
Botiers, will be of considerable service to those {or whom it ts intended, and he trusts
the bock may be deemed worthy of as favourable a reception as has been accorded to
its predecessors.

“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the dﬁllt kind, in a simple and accessible form. So far as generation is concerned, this
Is, undoubredly, the standard book on steam practice."—~Electrdca! Revdew.

"* Every detail, both in boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction has been reduced to the condition of one of the most exact
sciences; and such a book is of the utmost value to the A« de sédcle Engineer and Works Manager,"
—Marine Engineer.

** There has long been room for a modermn handbook on steam boilers ; there is not that room
now, because Mr. Hurtton has filled it. Irisa thnrﬂughiygmr:t_ica.l book for those who are occupied

LS

ia the construction, design, selection, or use of boilers.”"— MEEY,

* The book Is of so important and comprehensive a character that it must find its way into the
Ibraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly
iiformed. We strongly recommend the book for the intrinsic value of its contents."— Machinery

Markel

PRACTICAL MECHANICS® WORKSHOP COMPANION.

Comprising a great variety of the most useful Rules and Formul= in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Facilitating Mechanical Operations. By WiLLiam TEmrLETON, Author of

“The Engineer's Practical Assistant,” &c., &c. Eighteenth Edition, Revised,
Modernised, and considerably Enlarged by WaLTER S. Hurtrton, C.E., Author

of ““The Works' Manager’s Handbook,” ‘* The Practical Engineer's Hand-
book,"” &c. Fcap. 8vo, nearly soo pp., with 8 Plates and upwards of 250 Illus.
trative Diagrams, strongly bound for workshop or pocket wear and tear. 8/0

' In its modemnised form Hutton's * Templeton " should have a wide sale, for it contains much
valuable information which the mechanic will often find of use, and not a few tables and notes which
he might look for in vain in other works., This modemised edition will be appreciated by all who

have learned to value the original editions of * Templeton.'"—Ewgiich Mechanic.
“ It has met with great success in the engineering workshop, as we can testify ; and there are
a great many men who, in a great measure, owe their rise in life to this little book."—Budlding

News.

" This familiar text-book—well known to all mechanics and engineers—is of essential service
to the every-day requirements of engineers, millwrights, and the various trades connected with
engineering and building. The new modernised edition is worth its weight in gold."—Budlding

News. (Second Notice.) W :
“ This well-known and largely-used book contains information, hrnu%ht up to date, of the
sart so useful to the foreman and draughtsman. 3o much fresh information has been introduced as
to constitute it practically a new bool It will be largely used in the office and workshop,."—
Mechanical Worid, 2l
* The pullishers wisely entrusted the task of revision of this popular, valuable, and useful
book to Mr. Hutton, than whom a more competent man they could not have found.”—Jfron,

ENGINEER’'S AND MILLWRIGHT'S ASSISTANT.

A Collection of Useful Tables, Rules, and Data. By WirLLiam TEMPLETON,
. Eighth Edition, with Additions. 8mo,cloth . . . . . 2/

“Occupies a foremost place among books of this kind. A more suitable present to an

prentice t of the mechanical trades could not possibly be made."—EBudlding News,
i f d:sgznv:;dly popular work. It should be in the ‘drawer’ of every mechanic.”—Emglish

Mechanic,
A 2
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THE MECHANICAL ENGINEER’S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part . GENERAL
Encingering DaTa. Part II. BoiLer ConsTrucTiON. With 51 Plates and
numerous Illustrations. By Nevson FoLey, M.LLN.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound. Net £3 3s.

PART IL.—MEASURES.—CIRCUMFERENCFES AND AREAS, &c., SOUARES, CUBES,
FOURTH FOWERS.—SQUARE AND CUEE ROOTS.—SURFACE OF TUBES.—RECIPROCALS.—
LOGARITHMS, — MENSURATION, —SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
FOWER., — HEAT. — COMBUSTION. — EXPANSION AND CONTRACTION. —EXPANSION OF
GASES.—STEAM.— STATIC FORCES.—GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY.—
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.—
TRANSMISSION OF POWER.—FLOW OF LIQUIDS, —FLOW OF GASES.— AIR PUMPS, SURFACE
CONDENSERS, &c.—SPEED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES,
=COPPER SHEETS AND TUBES.—SCREWS, NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES,

PART IL.—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS., — CIRCULAR FURNACES., — FLAT
PLATES.—S5TAYS. — GIRDERS.—SCREWS. — HYDRAULIC TESTS, — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPEEDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

“ Mr. Foley is well fitted to compile such a work. The diagrams are a great feature of the
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the
desire of the author and become indispensable to all mechanical engineers."—Marine Enprneer,

*We have carefully examined this work, and pronounce it a most excellent reference book
for the use of marine engineers."— Fournal of Amevican Society of Naval Engineers,

TEXT-BOOK ON THE STEAM ENGINE.

With a Supplement on Gas Encines and Part II. on HeaT Encines. By
T. M. Goopeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal
College of Science, London ; Author of *“ The Principles of Mechanics,"” ** c'?h:

Elements of Mechanism,"” &c. Fourteenth Edition. Crown 8vo,cloth . 8/0
"' Professor Goodeve has given us a treatise on the steam engine which will bear comparison
with anything written by Hu or Maxwell, and we can award it no higher praise.”" —Esoirnessr,
*“Mr. Goodeve's text-book is a work of which every young engineer should possess himself,"
—Mining Forrnal

ON GAS ENGINES.

With Appendix describing a Recent Engine with Tube Igniter. By T. M.
Goopeve, M.A. Crown 8vo, cloth . = . o eri 1_-;: 286

* Like all Mr, Goodeve's writings, the present is no exception in 'inl: nfl general ellen
It is a valuable little vu]umn."—‘.!.fe:.ﬁ&:::m! Ef'prﬁ:'._ R b o

GAS AND OIL ENGINE MANAGEMENT.

A Practical Guide for Users and Attendants, being Notes on Selection,

Construction, and Management By M. Powis BarLe, M.I1 M.E.. A.M.1.C.E.
Author of ** Woodworking Machinery,” &c. Crown 8vo, cloth. ; &

Just Published. Net 3|6
THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W
Roeerts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, :ircathtr.

Net 8/6
A TREATISE ON STEAM BOILERS. :

Their Strength, Construction, and E ical Working. BvER.
Fifth Edition. 12mo, cloth e

" The best treatise that has ever been published on steam boi;ers.".—.&' I'If;' ki g EIO

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres
squares, cubes, roots, &c.; Strength of Bolts, ’Weight of Iron, &t::.; Weights:

easures, and other Data. Also Practical Rules for Engine Proportions. By
R. Epwarps, M.Inst.C.E. Fcap. 8vo, cloth.

. 3/6
" A wvery useful little volume. Tt tains man assified mem
s Egm e ang‘i.:m:m."—ﬁnmlm:r':.m ¥ tables, cl data and oranda
“* What It professes to be, ‘a handy office co panlon,’
information likely to be required by mec pineers ty

In ccinet fo varety
ical engineers in ;l:‘gvu;d':yuﬂim wm'lt.ﬁ—ﬂmr:t
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A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users
of Steam Power. By Herman Haeper, C.E. Translated from the German
with additions and alterations, by H. H. P. Powrgs, A.M.I.C.E.. M.L.M.E.
Third Edition, Revised. With nearly 1,100 lllustrations. Crown Bvo,
cloth F A " z 3 % . Net T8

"' A perfect encycl ia of the steam engine and its details, and one which must take a per-
manent ‘El‘l;_licsa in English drawing-offices and workshops."—.4 Foremtan Fatfern-malker,

L is an excellent book, and should be in the hands of all who are interested in the con-
struction and design of medium-sized stationary engines. . . . A careful study of its contents and
the arrangement of the sections leads to the conclusion that there is probably no other book like It
In this country. The volume aims at showing the results of practical experience, and it certainly
may claim a complete achievement of this idea."—Nasfure,

**There can be no question as to its value. We cordially commend it to all concerned in the
desigm and construction of the steam engine."—Afechandical Forld,

BOILER AND FACTORY CHIMNEYS.

Their Draught- Power and Stability. With a chapter on Lightning Conductors.
By RoeerT WiLson, A.I.C.E., Author of ** A Treatise on Steam Boilers,” &c.
Crown 8vo, cloth £ p 5 ; : ; : : 2 . 36

A valuable contribution to the literature of scientific building."— Fhe Fudlder.

BOILER MAKER’S READY RECKONER & ASSISTANT.

With Examples of Practical Geometry and Templating, for the Use of Platers,

Smiths, and Riveters. By Jous CourTnev, Edited by D. K. CLaRrk,

M.IL.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half-

bound . . . A L TR o . Sl
" Neo workman or apprentice should be without this book."—J/fron Trade Circuiar,

REFRIGERATION, COLD STORAGE, & ICE-MAKING:

A Practical Treatise on the Art and Science of Refrigeration. By A. J.
WarLis-TavLEr, A.M.Inst.C.E., Author ot ** Refrigerating and Ice-Making
Machinery.” 6oo pp., with 360 Illustrations. Medium 8vo, cloth. Net 15/0
“ The author has to be congratulated on the completion and production of such an impor-
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in
any way be of value to those interested in the subject.”—Steanship. .
*“No one whose duty it is to handle the mammoth preserving installations of these latter days
can afford to be without this valuable book,"—Glasgew Herald,

THE POCKET BOOK OF REFRIGERATION AND ICE-
MAKING.

Edited by A. J. WarLis-TavLER, A.M.Inst.C.E. Author of ‘‘ Refrigerating
and Ice-making Machinery,” &c. Smail Crown 8vo, cloth.

[Just Published. Net 36
REFRIGERATING & ICE-MAKING MACHINERY.

A Descriptive Treatise for the Use of Persons Employing Refrigerating
and Ice-Making Installations, and others. DBy A. J. WaLLis-TAVLER,
A.-M. Inst. C.E. Third Edition, Enlarged. Crown8vo,cloth . . 7/8
“ Practical, explicit, and profusely illustrated."—&lasgow Herala,
Al Wr: mm:u::gnd the bogk. which gives the cost of various systems and ﬂ.llpstrntiuns showing
details of parts of machinery and general arrangements of complete mstallations. —Builder.
“ May be recommended as a useful description of the machinery, the processes, and of the
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the
subject.”—Hngineer.

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering. With numerous examples of Estimates
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and
Steam Boilers: and a Section on the Preparation of Costs Accounts. B
A GENERAL MANAGER. Second Edition. 8vo,cloth. . - : . 12

“ This is an excellent and very useful book, covering subject-matter in constant requisition in
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but
also to the estimate department of every works,"—HSuilder.

" We accord the work unqualified praise. The Information is given in a plain, stralghtforward
manner, and bears throughout evidence of the intimate practical acquaintance of the author with
every phase of commercial engineering."—Mechanical World,

P
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HOISTING MACHINERY.

An Elementary Treatise on. Including the Elements of Crane Construction
and Descriptions of the Various Types of Cranes in Use. By JoserH
Horwer, A.M.LLM.E., Author of ‘- Pattern-Making,” and other Works.
Crown 8vo, with 215 Illustrations, including Folding Plates, cloth. B

[ Sust Published. Net T/6

AERIAL OR WIRE-ROPE TRAMWAYS.

Their Construction and Management., ByA. J.WaLLis-TavLEr, A.M.Inst.C.E.
With 51 Illustrations. Crown 8vo, cloth . T/6

“This is in its way an excellent volume, Without going into the minutiz of the subject, it
yet lays before its readers a very good exposition of the vanous systems of rope transmission in use,

and gives as well not a little valuable information about their working, ir, and management.
We can safely recommend it as a useful general treatise on the subject.”— ke Engineer.
MOTOR CARS OR POWER-CARRIAGES FOR COMMON
ROADS.
By A. J. WarrLis-TaviLer, A. M. Inst. C.E., Author of “Modern Cycles,”
&c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . : . 4/8

“The book is clearly expressed throughout, and is just the sort of work that an engineer
thinking of turning his attention to motor-carriage work, would do well to read as a preliminary
to starting operations,"—Eaginesring,

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Joserr G. Horner,
A.M.I.M.E. 3Bo pp. with 338 Illustrations. Crown 8vo, cloth . . T7/8

'* This work is characterised by that evidence of close acquaintance with workshop methods
which will render the book exceedingly acceptable to the practical hand. We have no hesitation
in commending the work as a serviceable and practical handbook on a subject which has not

hitherto received much atteniion from those qualified to deal with it in a satisfactory manner,"—
Mechanical World,

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineering Construction,
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns,
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam
and Greensand, estimating the weight of Castings &c. By Joseru G. HorNER,
A.M.I.M.E. Third Editon, Enlarged. With 486 Illustrations. Crown 8vo,
cloth. Net TI6
“ A well-written technical guide, Eﬁt‘lentg.l" written by a man who understands and hasg prac-

tised what he has written about. . . ., We cordially recommend it to engineering students, young
journeymen, and others desirous of being initiated into the mysteries of pattern-making."—Fnuildzr,

* An excellent vade secuon for the apprentice who desires to become master of his trade.”
—Finglich Mechanic,

MECHANICAL ENGINEERING TERMS

(Lockwood's Dictionary of). Embracing those current in the Drawing Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c. Com-
prising upwards of 6,000 Definitions. Edited by J. G. Horngr, A.M.I.M.E.
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Net 718

** Just the sort of handy dictionary required by the various trades engaged in mechanical en-

F1neerin.g. The practical engineeri J)upil will find the book of Emanalu:ﬁ: his studies, and every
oreman engineer and mechanic sho have a copy."—Budlding News, 3

TOOTHED GEARING.
A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I.M.E.
With 184 Illustrations. Crown 8ve, cloth 3 g . . 2 . B/0

: * We give the book our unqualified praise for its thoroughness of treatment, and
it to all interested as the most practical book on the subje:tg:.trlet Iﬂtlﬂ."—lfu#:l:ﬁn;fc ﬂrﬁnd

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.

With a History of Fire-Engines, their Construction, Use, and Manage.
meni ; Foreign Fire Systems; Hints on Fire-Brigades, &c. By C. F. T.
YU‘“NG, C—E- E'l"D, CIGth " . . " ® w . - £1 4..

" To such of our readers as are interested In th i
most heartily commend this book."—Esngineering. the subject of fires and fire apparatus we can
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AERIAL NAVIGATION.

A Practical Handbcok on the Construction of Dirigible Balloons, Aé#:ostats,
Aéroplanes, and Aéremotors. By Freperick WaLker, C.E., Associate
Member of tke Aéronautic In:titute, With 104 Illustrations. Large Crown
Bvo, cloth . ; i ! . . . Net TI8

STONE-WORKING MACHINERY.

A Manual dealing with the Rapid and Economical Conversion of Stone. With
Hints on the Arrangement and Management of Stone Works. By M. Powis
Barg, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . . 90

*The book should be In the hands of every mason or student of stonework."—Cellfery
Guardia

",
" A capital handbook for all who manipulate stone for bullding or omamental purposes.’—
Machinery Mariket,

PUMPS AND PUMPING.

A Handbook for Pumf Users. Being Notes on Selection, Construction, and
Management, By M. Powis BavLg, M.I.M.E. Fourth Edition. Crown
8vo, cloth . h . “ ; o g . N g ’ . . 368
*“The matter is set forth as conciscly as possible. In fact, condensation rather than diffuse-
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to
be of use.”"— Fowrnal of Gas Lighiing.
“ Theroughly practical and clearly written."— Glasgow ferald,

MILLING MACHINES AND PROCESSES,

A Practical Treatise on Shapinﬁ Metals by Rotary Cutters. Including
Information on Making and Grinding the Cutters. By Pavr N. HasLuck,
:’iiut{'mr of “‘ Lathe-Werk.” With upwards of 300 Engravings. Large crnw_ll'lé}%
Clot . . ¥

" A new departure in engineering literature. . . . We can recommend this work to all in-
terested in milling machines ; it is what it professes to be—a practical treatise."—Engineer.

" A capital and reliable book which will no doubt be of considerable service both to those
who are already acquainted with the process as well as to those who contemplate its adoption,”—
Trdustries.

LATHE-WORK.

A Practical Treatise on the Tools, Appliances, and Processes employed in
the Art of Turning. By PauvrL N. Hasruck. Eighth Edition. Crown 8vo,

CIU[]'I. " L] - L] " - - - L] # " L] L] Efn
" Written by a man who knows not only how work ought to be done, but who also knows how
to do It, and how to convey his knowledge to others. To all turners this bock would be valuable."—
Engincering.,
. Wc{:ran safely recommend the work to young engineers., To the amateur It will simply be
invaluable, To the student it will convey a great deal of useful Information.” —Engdreer,

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and complete

Directions for using Screw-Cutting Lathes. By PavrL N. HasLuck, Author

of ' Lathe-Work," &e¢. Sixth Edition. Waistcoat-pocket size . 1/8

* Full of useful information, hints and practical crticism. Taps, dies, and screwing tools
Emn!lrt are illustrated and their action described.”—Mechanical Horid,

is a complete compendium of all the details of the screw-cutting lathe ; In fact, & ssesalticrms
in-parve on all the subjects it treats upon."—Carpender and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Frawcrs Smrta, Seventh Edition, Revised, including
ErLectricaL TasLes, FormuLs, and MeEmoranDA. Waistcoat-pocket size,
limp leather. (Just Publsshed. 1/6
* It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae
to sult ALL mgigurﬁ I:s it would be to make a universal medicine ; but Mr. Smith's waistcoat-
pocket collection may be looked upon as a successful attﬁmpt."—ﬁmmar.
u

* The best example we have ever seen of 270 pages of useful matter packed into thn‘\_ dimen-
slons of a card-case."—Building News. “ A veritable pocket treasury of knowledge.”—Jvon,

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,
Engineering, Manufacturing, and Nautical Professions. Dy Joun James
FrLeTcHER. Third Edition, 200 pp. Waistcoat-pocket size, limp leather 1/8
** 1t is a very great advantage for readers and correspondents in France and England to have
50 large a numha?n{ the words relating to engineering and manufacturers collected in a liliputian
volume. The little book will be useful both to students and travellers."—. rchdiect.
 The glossary of terms is very complete, and many of the Tables are new and well arranged
We cordially commend the book. ' —Meckanical World.




8 CROSBY LOCKWO0OOD & SON'S CATALOGUE,

THE ENGINEER’'S YEAR BOOK FOR 1904.

Comprising Formulz, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine E:ginmirég. By H. R. Kemrg, A.M. Inst. C.E.,
M.I.E.E., Principal Technical Officer, Engineer-in-Chief's Office, General Post
Office, London, Author of ‘A Handbook of Electrical Testing," *‘ The
Electrical Engineer's Pocket-Book,” &c. With 1,000 Illustrations, speciall
Engraved for the work. Crown Bvo, goo pp., leather. [ Jusi Published, 8/
“HKempe's Year Book really requires no commendation. Its sphere of usefulness is widely
known, and it is used by engineers the world over,”— Fke Sngineer,
Eﬂf{“'l‘l:!ﬂ volume is distinctly in advance of most similar publications In this country."—

** This valuable and well-designed book of reference meets the demands of all descriptions of

engineers."—Safurday Keview,

- ‘H; Teems with up-to-date information in every branch of engineering and construction,”=—
Hi Jvﬂw:..

“ The needs of the engineering professlon could hardly be supplied in a more admirable,
complete and convenient form. To say that it more than sustains all comparisons is praise of the
highest sort, and that may justly be said of it."—Mindngy Fonrnal,

* There is certainly room for the newcomer, which supplies explanations and directlons, as
well as formule and tables, It deserves to become one of the most successful of the technical
annuals,'—A rofirtect.

* Brings together with great skill all the technical information which an engineer has to use
day by day. Itisin every way admirably equipped, and is sure to prove successful." —Scotsman.,

* The up-to-dateness of Mr. Kempe's compilation is a guality that will not be lost on the busy
people for whom the work is intended.”—Glasgow Hevald,

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam Engines generally. By WiLLiam Dvson
WanssrovuGH. Crown Bvo, cloth - : 38

* This is a work of value to those who use steam machinery. . . . Should be read by every
one who has a steam engine, on a farm or elsewhere."—Mar& Lane Express,

IRON AND STEEL.

A Work for the Forge, Foundry, Factory, and Office. Containing ready,
useful, and trustworthy Information for Ironmasters and their Stock-takers ;
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con-
sulting Engineers ; Architects, Contractors, Builders, &c. By CHARLES HoARE
Author of ' The Slide Rule,” &c. Ninth Edition. 32mo, leather . B

CONDENSED MECHANICS.

A Selection of Formula, Rules, Tables, and Data or the Use of Engineering
Students, &c. By W. G. C. HucHes, A M.1.C.E. Crown 8vo, cloth. 2/

. " The book is well fitted for those who are preparing for examination and wish to refresh
their knowledge by going through their formulse again. ‘—Marine Engincer.

THE SAFE USE OF STEAM.
Containing Rules for Unprofessional Steam Users. By an ENGINEER. Seventh
Edition. Sewed ' s % N " : : . . . . Bo.
stns eiins iy TRALE Taslty. Seimp s Mty Y heast, Rollse expiasions. yuald. becoms

THE CARE AND MANAGEMENT OF STATIONARY
ENGINES.

A Practical Handbook for Men-in-charge, By C. HursT. Crown 8vo. Net1/0
THE LOCOMOTIYE ENGINE,

The Aumhiﬁriphy of an Old Locomotive Engine. By RoeErT WEATHER-

BURN, M.l With Illustrations and Portraits of GEORGE and ROBERT
STePHENSON. Crown 8vo, cloth. Net 2/6

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.,

A Popular Treatise on the Gradual Improvements made in Rail Engi
between 1803 and 19o3. By CLEMENT E. STRETTON, C“i!'. 51:?; ngf;liz:f
Revised and Enlarged. Crown 8vo, cloth. [Just Published. Net 4|8

" Students of railway history and all who are Inte mod
locomotive will find much to attrac?rand entertain in this vuﬁ& "ln r}ﬂﬁrxﬂ:ﬂm s ius -
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MODERN MACHINE SHOP TOOLS,
THEIR CONSTRUCTION, OPERATION, AND MANIPULATION.

Including both Hand and Machine Tools. An entirely New and Fully
Illustrated Work, treating this Subject in a Concise and Comprehensive
Manner. A Book of Practical Instruction in all Classes of Machine Shop
Practice. Including Chapters on Filing, Fitting, and Scraping Surfaces; on
Drills, Reamers, Taps, and Dies; the Lathe and its Tools ; Planers, Shapers,
and their Tools; Milling Machines and Curtters: Gear Cutters and Gear
Cutting ; Drilling Machines and Drill Work ; Grinding Machines and their
Work ; Hardening and Tempering, Gearing, Belting, and Transmission
Machinery ; Useful Dataand Tables. By Wirriam H. Van DervoorT, M.E,
Illustrated by 673 Engravings of Latest Tools and Methods, all of which are
fully described. Medium 8vo, cloth. [fust Published. Net 21/0

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By
MicaaeL RevnoLDs, formerly Locomotive Inspector, L. B. & S. C. R.
Eleventh Edition. Including a Kev T0 THE LocoMoTivE ENGINE.
Crown 8vo, cloth . ; ; . . 4/8

"Hr.bl;:znulds has supplied a want, and has supplled it well. We can confidently recom-
mend the not only to the practical driver, but to everyone who takes an interest in the
performance of locomotive engines.”— e Engrneer.
*Mr. Reynolds has opened a new chapter in the literature of the day. This admirable
p-:a:tlt:al treatise, of the practical utility of which we have tospeak in terms of warm commendation,”
theneriim,

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By Michagr REvnoLps. Second
Edition, with Revised Appendix. Crown 8vo, cloth. . - . . 4/8

“ We should be glad to see this book in the possession of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine,"—Jfron,

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. By MicHAeEL ReEvNoLDs. 8vo, cloth
9/0

" A popular lanation of the different brakes, It will be of great assistance in fo
F;};ﬂ: npln?c?n, and will be studied with benefit by those who take an interest in the brake, " —Sngiis
d ML,

STATIONARY ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Stationary En%‘i’nes. By
MicHAEL REevynNoLDps. Sixth Edition. With Plates and oodcuts.
Crown 8vo, cloth . 5 : 7 . % . . 4/8

* The author's advice on the varous points treated is clear and practical.”"—Engineering.
“ Our author leaves no stone unturmned. He is determined that his readers shall not only

know something about the stationary engine, but all about it."—EBngineer.

ENGINE-DRIVING LIFE.

Stirring Adventures and Incidents in the Lives of Locomotive Engine-

Drivers. By MicHaeL RevwoLps. Third Edition. Crown 8vo, cloth . 1/6

“ From first to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are

thrown into the shade by true incidents, endless in their vanety, related in every page."—North
British Mail,

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics.
By MicuaeL RevwoLps., With 45 Illustrations and numerous Di
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear. 3/8
“ A most meritorious work, giving in a succinct and practical form all the information an
giu:ﬁ-:}}inder desirous of mastering the scientific principles of his daily calling would requizre."—
The Miiler,
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CIVIL ENGINEERING, SURVEYING, ETC.
PIONEER IRRIGATION, ‘

A Manual of Information for Farmers in the Colonies. By E. 0. Mawson,

Executive Engineer, Public Works Department, Bombay. With Numerous
Plates and Diagrams. Medium Bvo, cloth. ’

[ fust veady. Price about T8 net.

SUMMARY OF CONTENTS:—VALUE OF IRRIGATION, AND SOURCES OF WATER

SUPPLY.—DAMS AND WEIRS,.—CANALS.—UNDERGROUND WATER.—METHODS OF IRRI-

GATION.—SEWAGE [RRIGATION.—IMPERIAL AUTOMATIC SLUICE GATES—THE CULTI-

VATION OF IRRIGATED CROPS, VEGETABLES, AND FRUIT TREES.—LIGHT RAILWAYS
FOR HEAVY TRAFFIC.—USEFUL MEMORANDA, TABLES, AND DATA.

TUNNELLING.

A Practical Treatise. By CuarrLes Prerini, C.E. With additions by
Cuarrtes S. Hiur, C.E. With 150 Diagrams and Illustrations. Royal 8vo,
cloth . : i ; > . : : : . Net 186/0

PRACTICAL TUNNELLING.

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving,
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering

and the Construction of the Brickwork of Tunnels. By F. W. Simwms,

M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the

most recent (18¢95) Examples of Sub-aqueous and other Tunnels, by D, KINNEAR
CrArk, M. Inst. C.E. With 34 Folding Plates. Imperial 8vo, c?::nl:h £92 04,

* The present (1806) edition has been brought dght up to date, and is thus rendered a work to
which civil engineers generally should have ready access, and to which engineers who have con-
struction work can hardly afford to be without, but which to the younger members of the profession

Is invaluable, as from its pages they can learn the state to which the science of tunnelling has
attained, " —Kadfway News,

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS,

A Practical Treatise for the Use of Engineers and Students of Engineering.
11‘3";,' W. K. Burron, A.M. Inst. C.E., Consulting Engineer to the Tokyo
ater-works. Se.qund Edition, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. [fust Published. 28/0
I. INTRODUCTORY. — I]. DIFFERENT QUALITIES OF WATER. — Ill. QUANTITY OF
WATER TO BE PROVIDED.—]V. ON ASCERTAINING WHETHER A PROFPOSED SOURCE OF
SUPPLY IS SUFFICIENT.—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESHR-
vOIRS.—VIII. EARTHWORK DAMS.—IX. MasOoNRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XI1Il. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION.—XI1V. SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIFES.—XV, THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS. —=XVI. PUMPING MACHINERY.—XVII. FLOW 0OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—=XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRE.—XX. PIFES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXI]l. VARIOUS APPLIANCES USED IN CONMECTION
WITH WATER-WORKS,
APPENDIX I. By Pror. JOHN MILNE, F.R.5.—CONSIDERATIONS CONCERNING THE
PROBAELE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES.

APPENDIX II. By JOHN DE RIJKE, C.E.—DN SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

* The chapter upon filtration of water is very complete, and the details of construction well

Ulustrated. . . . The work should be specially valuable to civil engineers engaged in werk in
Japan, but the interest is by no means confined o that In-ta]it:-."—.Engimw.

i " \l‘:"c congratulate the author upon the practical commonsense shown in the preparation of
5 work. .

.+ The plates and diagrams have evidently been prepared with
cannot fail to be of great assistance to t?ferstudmm"_ﬂ#ﬁﬂr#’: prep with great care, and

RURAL WATER SUPPLY.

A Practical Handbook on the ’I.Supply of Water and Construction of Water-
works for small Country Districts. By ALLan GreEenweLL, A.M.I.C.E.,
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition,
Revised. Crown 8vo,cloth . . . e ' : . . 85/0

" We consclentiously recommend it 25 a useful book fi
water for small ﬂlst:‘ic‘ts.sgving 2 great deal of p:::ﬁtl] lnformatlﬂ&:{nmn?:un::m A ing

** The volume contains valuable information upon all matters connected w[th water npplir.
s+ « Itis full of details on points which are continually before water-works engineers.” — Narure,
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLL1AM Humser, A. M. Inst. C.E., and M. Inst. M.E., Author of ‘' Cast
and Wrought Iron Bndée Construction,” &ec., &c. Illustrated with 50 Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts,
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially
half-bound in morocco § : - il St e . Net £6 Bs.
LIST OF CONTENTS. [. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE
BEEN ADOPTED FOR IHE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.—I1I. RAINFALL AND EVAPORA-
TION.—IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.
=—V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.—VI, ON THE SELECTION
OF THE SOURCE OF SUPPLY.—VII. WELLS.—V¥YIIl. RESERVOIRS. —IX. THE PURIFICATION
OF WATER.— X. PUMP5.—X1. PUMPING MACHINERY.—XIL CoNDUITS, —XIII. DISTRIEU-
TION OF WATER. —XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW
AND ECONOMY OF WATER-WORKS.—XVI. CONSTANT AND INTERMITTENT SUPPLY.—
XVII. DESCRIFTION OF PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUFPPLY,
VELOCITIES, &c¢., &c¢., TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS-
TRATED, AMONG WHICH WILL BE FOUND: ABERDEEN, BIDEFORD, CANTEREBURY,
DUNDEE, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS,

; ** The most systematic and valuable work upon water supply hitherto produced in English, or
in any other language, Mr. Humber's work is characterised almost throughout by an
ugiu.:_nmm much more distinctive of French and German than of English technical treatises,”
—Bngineer,

THE PROGRESS OF ENGINEERING (1863=6).

By Wu. Humeer, A M.Inst.C.E. Complete in Four Vols. Containing 148
Double Flates, with Portraits and Copious Descriptive Letterpress. Impl. 4to,
half-morocco. Price, complete, £12 12s. ; or each Volume sold separately
at £3 3s. per Volume., Descripiive List of Contents en application.

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power b
Hydraulic Machinery. By G. Crovbox Marks, A.M. Inst. CE. Wit
nearly 2oo Illustrations. B8vo, cloth. Net 9/0

SUMMARY OF CONTENTS., PRINCIPLES OF HYDRAULICS,—THE FLOW OF WATER,
—HYDRAULIC PRESSURES, MATERIAL,— LoAD PACKINGS FOR SLIDING SURFACES,
—PIPE JOINTS.—CONTROLLING VALVES,.—PLATFORM LIFTS.—WORKSHOP AND FOUNDRY
CRANES,—WAREHOUSE AND DOCK CRANES,—HYDRAULIC ACCUMULATORS —FPRESSES
FOR BALING AND OTHER PURPOSES.—SHEET METAL WORKING AND FORGING MACHINERY,
—HYDRAULIC RIVETTERS.—HAND, POWER, AND 5TEAM PUMPS.—TURBINES —IMPULSE
TURBINES.—REACTION TUREBINES.—DESIGN OF TURBINES I[N DETAIL—WATER WHEELS,
—HY¥DRAULIC ENGINES,—RECENT ACHIEVEMENTS,—PRESSURE OF WATER.—ACTION
OF PUMFS, &c.

*We have nothing but praise for this thoroughly valuable work. The author has succeeded
in rendering his subject interesting as well as instructive.”" —FPraciical Erngiricer,

“Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans-
mission and utilisation of power."—Mechanical World

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULE.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formula, Tables, and General Information on Rain-fall,
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill
Power. By Joun NeviLLg, C.E., M.R.I.A. Third Edition, revised, with
additions. umerous Illustrations. Crown 8vo, cloth . i . 14/0
" It is, of all English books on the subject, the one nearest to completeness.”—. 4 rekilect,

HYDRAULIC MANUAL.

Consisting of Working Tables and Explanatory Text. Intended as a Guide in
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson,
Author of ‘‘ Aid to Survey Practice,” "' Modern Metrology,” &c. Fourth
Edition, Enlarged. Large crown 8vo, cloth N F o e

*The author has constructed a manual which may be accepted as a trustworthy guide
to this branch of the engineer's profession, ' —Engineering.

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa.
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes.
By CHARLES SLAGG, A.M.Inst.C.E. Second Edition. Crown 8vo,cloth. 7/8

"Asamnn%munnlmﬁnon the water su of towns, and on some applications of water-
power, the work is in many respects excellent.”" —Enguneering.

e e e -
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others interested in
Works of Reclamation. By ALex. Beazergv, M.Inst. C.E. 8vo, cloth.

Net 10/6

* The book shows in a concise way what has to be done in reclaiming land from the sea, and

the best way of doing it. The work containsagreat deal of practical and useful information which

cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land-
owners intending to reclaim land from the sea."— The Enpincer,

“ The author has carried out his task efficiently and well, and his book contains a large

amount of information of great service to engineers and others interested in works of reclamation.”
—Nature.

MASONRY DAMS From INCEPTION To COMPLETION.

Including numerous Formule, Forms of Specification and Tender, Pocket

Diagram of Forces, &c. For the use of Civil and Mining Engineers. B

i ETC{}UHTHE\', M. Inst. C.E. B8vo, cloth . - - : . % :’6
“ The volume contains a good deal of valuable data, Many useful suggestions will be found

in the remarks on site and position, location of dam, foundations and construction.”—~Bud/ding
Mews.

RIVER BARS.

The Causes of their Formation, and their Treatment by '* Induced Tidal
Scour "; with a Description of the Successful Reduction by this Method of
the Bar at Dublin. Byl. J. Manw, Assist. Eng. to the Dublin Port and Docks
Board. Royal Bvo, cloth ., . : . . . 716

“ We recommend all interested in harbour works—and, indeed, those concemed in the
improvements of rivers generally—to read Mr, Mann's interesting work, "—Esgrirneer,

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of Traction, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and Working Expenses. New
Edition, Thoroughly Revised, and Including the Progress recently made in
Tramway Construction, &c., &c., By D. Kinngar Crark, M. Inst. C.E.
With 400 1llustrations. 8vo, 780 pp., buckram. 28/0

“The new volume is one which will rank, amn:-nE tramway engineers and those interested in
tramway working, with the Author’s world-famed book on railway machinery.”— The Engincer.

SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURYEYORS.

Including the Setting-out of Works for Construction and Surveys Abroad, with
many Examples taken from Actual Practice. A Handbook for use in the Field
and the Office, intended also as a Text-book for Students, By Jounx WHITE-
LAw, Jun., A .M. Inst. C.E., Author of * Points and Crossings.” With about
260 Illustrations. Demy8vo,cloth . . . . ., . Net 10/6

*This work i written with admirable lucidity, and will certainly be found of distinct value
both to students and to those engaged in actual practice."—Te Builder,

PRACTICAL SURVEYING.

A Text-Book for Students preparing for Examinations or for Survey-work in
the Colonies. By Georce W. UsiLr, AM.I.C.E. With 4 Lithographic
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables
of Natural Sines, Tangents, Secants, &c. Crown 8vo, 7/8 cloth; or, on THIN
Parer, leather, gilt edges, rounded corners, for pocket use . . . 12/8

“The best forms of instruments are described as to their construction, usez and modes

of employment, and there are innumerable hints on work and eguipment such as the author, In
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student
In his inexperience will find most serviceable."—Engineer,

“The first book which should be put in the hands of a pupil of Civil Engineering,"—
Archiiecs. E i 1

AID TO SURVEY PRACTICE.

For Reference in Surveying, Leve]lin%} and Setting-out; and in Route Sur-
veys of Travellers by Land and Sea. ith Tables, Illustrations, and Records.
Hl_v Lowis D'A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 8vo
c u L] L - L3 £l . L] - - - - - L ]

** Mr. Jackson has produced a valuable vade-mecson for the surveyor. We can m1 2

t‘!!ﬂs honk:z containing an admirable supplement to the teaching of the accomplished surveyor,”—

"'I‘hnauthnthﬂnﬁtnhlsﬁu!ufmtumm f theory and practical
aided by a clear and lucid style of writlng, mmmnﬁkamwm“—m IR
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SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By Nem KEnnEDY,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10/8

**The work is very clearly written, and should remove all difficulties inthe way of any surveyor
desirous of making use of this useful and rapid instrument.”— Nafure,

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

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 Square only ; Levelling with the
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork
Tables, &c. By W. Dawvis HaskoL., C.E. With numerous Woodcuts.
Fourth Edition, Enlarged. Crown 8vo, cloth . A . 12/0

** The book s very handy ; 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,"” —.4 thernam,

LAND AND MARINE SURVEYING.

In Reference to the Pre tion of Plans for Roads and Railways ; Canals,

Rivers, Towns' Water Supplies; Docks and Harbours. With Description

and Use of Surveying Instruments. By W. Davis Haskorr, C.E. Second

Edition, Revised, with Additions. Large crown 8vo,cloth . . . 9/0

"This book must prove of great value to the student. We have no hesitation in recom-
mending It, feeling assured that it will more than repay a careful study."—Meckanical Horid,

“ A most useful book for the student. We can strongly recommend it as a carefully-written
and waluable text-book. It enjoys a well-deserved repute among surveyors."—Builder,

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Purposes of Railway and Civil Engineering in
the Construction of Roads; with Mr. TELForD's Rules for the same. By
Freperick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical
Examples for Setting-out Railway Curves, and TRAUTWINE's Field Practice
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts.
Bvo . a . ; W : - ! - . g 5 ; . Bl&

* The text-book on levelling in most of our engineering schools and colleges.”—Emginecr.
“The publishers have rendered a substantial service to the profession, especially to the
younger members, by bringing out the present edition of Mr. Simms's useful work."—Faugdneering .

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Geographical and Topographical Maps and Plans, Mili-
Reconnaissance, LEVELLING, &c., with Useful Problems, Formula,

and Tables. By Lieut.-General Frome, R.E. Fourth Edition, Revised and
ly Re-written by Major-General Sir CuarLEs Wagrren, G.C.M.G., R.E.

ith 19 Plates and 115 Woodcuts, royal 8vo, cloth . . : . 18/0

* No words of praise from us can strengthen the position so well and so steadily maintained
by thls work. Sir Charles Warren has revised the entire work, and made such additions as were
necessary to bring every portion of the contents up to the present date."—EBroad Arrow.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-0OUT CURVYES.
From 5 to 200 Radius. By A. Beazeiev, M. Inst. CE. 6th Edition,
Revised. With an Appendix on the use of the Tables for Measuring up
Curves. Printed on so Cards, and sold in a cloth box, waistcoat-pocket ;FEE
" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free
to mani e the instrument—no small advantage as regards the rapidity of work."—ZEngincer,

" Very handy : a man may know thar 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." —d thenam,

HANDY GENERAL EARTH-WORK TABLES.

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings anc
Embankments from 3 inches to Bo feet in D(l:fth or Height, for use with either
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst. C.E.
On a Sheet mounted inclothcase . . . . . . . . 3I/8
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EARTHWORK TABLES.

Showing the Contents in Cubic Vards of Embankments, Cuttings, &c., of
Heights or Deé:-ths upto an average of 8o feet. By Josern BroapeenT, C.E.
and Frawncis Campin, C.E. Crown 8vo, cloth = 3 i : . 5

** The way in which accuracy is attained, by a simple division of each cross section into three
elements, two in which are constant and one variable, is ingenious.” —.A thenaum,

A MANUAL ON EARTHWORK.

By Avex. J. Granam, C.E. With numerous Diagrams. Second Edition.
18mo, cloth DO - ot 4, DI

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Essay. B{v[. H. WaTson Buck, M. Inst. C.E,,
Resident Engineer, L. and N. W. R. ith Folding Plates, 8vo, cloth 12/0
" Many of the methods given are of extreme practical value to the mason, and the observa.
tions on the form of arch, the rules for ordering the stone, and the construction of the templates,
will be found of considerable use. We commend the bock to the engineering prof Y
Budlding News.
“Will be regarded by civil engineers as of the utinost value, and calculated to save much
time and obviate many mistakes."—Colliery Guardian,

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

(A Complete and Practical Treatise on), including Iron Foundations. In
Three Parts.—Theoretical, Practical, and Descriptive. By WiLrLiam Humser,
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im-
proved, with 115 Double Plates (20 of which now first appear in this edition),
and numerous Additions to the Text. In 2 wvols.,, imp. 4to, half-bound in
morocco . . 5 L] L] L] L] L] L] L] " £B 15.- Eb.

A n.f?r valuable contribution to the standard literature of civil engineering. In addition to
elevations, plans, and sections, large scale deialls are given, which very much enhance the
Instructive worth of those illustrations, "—Crzdi Engineer and Architect's Fournal,

“Mr. Humber's stately wvolumes, lately issued—in which the most important bridges
erected during the last five years, under the direction of the late Mr, Brunel, Sir W. Culbtt,
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
engineers, are drawn and specified in great detail.” —Espvncer.

ESSAY ON OBLIQUE BRIDGES

(Practical and Theoretical). With 13 large Plates, By the late Georcr
Warson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. WaTson
Buck, MLI.C.E. ; and with the addition of Description to Diagrams for
Facilitating the Construction of Oblique Bridges, by W. H. Barrow, M.1.C.E.
Royal &vo, cloth . p 3 ¢ ; . 1210

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatize,
and It would be impossible to consult a better,"—£& :‘:ﬁxm

" Mr. Buck's treatise is recogmised as a standard text-book, and his treatment has divested
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and
architect, on a confessedly difficult subject, Mr, Buck's work is unsurpassed.”—Budlding News.

THE CONSTRUCTION OF OBLIQUE ARCHES

(A Practical Treatise on). By Joun Harr. Third Edition, with Plates.
Impﬂria] E\'D. EiDth . " N . - . » . ® s W B}lu

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs Solid
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and
Piers, and other Frameworks. By R. Hupson Grauam, C.E. Containing
Diagrams and Plates to Scale. With numerous Examples, many taken from
existing Structures.  Specially arranged for Class-work in Colleges and
Universities. Second Edition, Revised and Enlarged. 8vo,cloth . 18/0

* Mr. Graham's ook will find a place wherever graphi d analyti i

" The work is excellent from a practica point of view, and has evidently been prepa
with much care. The directions for working are ample, and are illustrated b}r};n ahuudm“:!
well-seiected examples, It is an excellent text-book for the practical draughtsman. " —4

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.

A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Girders, &c., for Parliamentary and other Estimates,
J. H. WaTson Bugk, M. Inst. C.E., On a Sheet g e . ﬂrs
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GEOMETRY FOR TECHNICAL STUDENTS.

An Introduction to Pure and ﬁgf)iiﬂl Geometry and the Mensuration of
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing.
By E. H. Srracue, A.M.1.C.E. Crown 8vo, cloth. [Just Published. Net 1/0

PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation
and Application of various Geometrical Lines, Figures, and Curves. B
E. W. Tarn, M.A., Architect. 8vo, cloth . i ¥ 9/

" No book with the same objects in view has ever been published In which the clearness of
the rules laid down and the illustrative diagrams have been =o satisfactory, "—Scofrman,

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved by the mere Description of Circles and the Use of
Coloured Diagrams and Symbols. By Oviver Bvene. Coloured Plates.
Crown 8vo, cloth 2 5 k 3 . . 3/8

EXPERIMENTS ON THE FLEXURE OF BEAMS

Resulting in the Discovery of New Laws of Failure by Buckling. By ALBERT
E. Guy, Medium 8vo, cloth. [Just Published. Net 9/0

HANDY BOOK FOR THE CALCULATION OF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formula
and Cﬂrrcspundiua' Diagrams, with numerous details for Practical Applica-
tion, &c. By WirLiam Humeer, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . T7/8

“ The formulae are nu:;tg expressed, and the diaﬁrams good."—. thenaum,
“We heartily comm this really Aandy book to our engineer and architect readers.”—
English Mecharnic,

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determining the Stresses, Breaking
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete
Working Drawings. By WiLLiam GrIFFITHS, Surveyor. 8vo, cloth 4/8

“This handy little book enters so minutely into every detail connected with the con
structlon of roof trusses that no student need be ignorant of these matters."—Practical Engincer,

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SueiLps, M.I.C.E.
8vo, cloth ) 5 . 5/0

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Application in Architecture, the Construction of Suspension
Bridges, Railwa c. By PeETEr BarrLow, F.R.S5. A new Edition, revised
by his Sons, P. {E” BarrLow, F.R.S., and W. H. Barrow, F.R.S. ; to which
are added, Experiments by Hobckinson, FairpairN, and KirRkALDY; and
Formulz for calculating Girders, &c. Edited by Wmu. Huseer, ALM.I.C.E.
8vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . : . 18B/0

s Yaluable alike to the student, tyro, and the experienced practitioner, It will always rank
in future as it has hitherto done, as the standard treatise on that particular subject."—Engincer,

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention; with a De.

scription of Modern Appliances and Systems. By CLEMENT E. STRETTON,

C.EE With Illustrations and Coloured Plates. Third Edition, Enlarged,

Crown 8vo, cloth - : b : ¥ . . ) i ) . 3/8

A book for the engineer, the directors, the managers; and, in short, all who wish for

information on railway matters will find a perfect encyciopadia in *Safe Railway Working.""—
Ravway Review,

EXPANSION OF STRUCTURES BY HEAT.

By Joun Keiry, C.E., late of the Indian Public Works Department. Crown

Syn.eloth B0 el aned MEBIUND IS G0 o HIRL TGS B

 The alm the author has set before him, viz., to show the effects of heat upon metallic and
other structures, is a laudable one, for this is a branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in books.” —Bud/der,
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PUBLICATIONS OF THE ENGINEERING
STANDARDS COMMITTEE.

THE ENGINEERING STANDARDS COMMITTEE is the outcome of a
Committee appointed by the Institution of Civil Engineers at the instance
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of
Standardising Rolled Iron and Steel Sections.

The Committee is supported by the Institution of Civil Engineers, the
Institution of Mechanical Engineers, the Institution of Naval Architects,
the Iron and Steel Institute, and the Institution of Electrical Engineers ;
and the value and importance of its labours has heen emphatically
recognised by his Majesty's Government, who have made a liberal grant

from the Public Funds by way of contribution to the financial resources of
the Committee.

The subjects already dealt with, or under consideration by the
Committee, include not only Rolled Iron and Steel Sections, but Tests
for Iron and Steel Material used in the Construction of Ships and their
Machinery, Bridges and General Building Construction, Railway Rolling
Stock Underframes, Component Parts of Locomotives, Railway and

Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and
Limit Gauges, Pipe Flanges, Cement, &ec.

Reports already Published :—

1. BRITISH STANDARD SECTIONS.

List 1. EQuar AxcLeEs —List 2. UnEQuAL AxGLES.—List 3. BuLb ANGLES.
List 4. Burp Tees.—List 5. BuLe PLATEs.—List 7. CHANNELS.—List 8.
BeEams, F'eap. folio, sewed. [ fust Published. Net |/1O

2. BRITISH STANDARD TRAMWAY RAILS AND FISH
PLATES : STANDARD SECTIONS AND SPECIFICATION,

F'eap. folio, sewe.d. | fust Pubiished. Net 2110

3- REPORT ON THE INFLUENCE OF GAUGE LENGTH

AND SECTION OF TEST BAR ON THE PERCENTAGE OF
ELONGATION,

By Professor W. C. Unwin, F.R.S. F'cap. folio, sewed.
[Just Published, Net 2|6

4. PROPERTIES OF STANDARD BEAMS.

Demy 8vo, sewed.

[Just Published. Net 1|Q
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, ETC.

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.L.N.A.
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. Nef 12/8

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGO-
NOMETRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF
FIGURES, —MOMENTS OF INERTIA AND RADII OF GYRATION. —ALGEBRAICAL EXPRESSIONS
FORE SIMPSON'S RULES.—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF
MoTiON, —DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S
HULL.—STABILITY CURVES AND METACENTRES —S5EA AND SHALLOW-WATER WAVES,
—ROLLING OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—
SAILING CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES, —STEERING AND
RUDDERS OF VESSELS.—LAUNCHING CALCULATIONS AND VELOCITIES.—WEIGHT OF
MATERIAL AND GEAR. —GUN PARTICULARS AND WEIGHT.—STANDARD GAUGES. —
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING
AND SHEARING STRESSES, &c.—STRENGTH OF SHAFTING, PILLARS, WHEELS, &t —
HYDRAULIC DATA, &c. — CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL
POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD
OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—LLOYD'S WEIGHT
OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—
SHIPS" FITTINGS AND TESTS.—SEASONING PRESERVING TIMEER.—MEASUREMENT OF
TIMBEER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS.
FORT REGULATIONS, —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.— PER-
CENTAGES FOR BUTT STRAPS, &c.—PARTICULARS OF YACHTS.—MASTING AND RIGGING
VESSELS.— DISTANCES OF FOREIGN PORTS, — TONNAGE TABLES.—VOCABULARY OF
FRENCH AND ENGLISH TEERMS. — ENGLISH WEIGHTS AND MEASURES. — FOREIGN
WEIGHTS AND MEASURES —DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT
AND WAGES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF
CIRCULAR MEASURES.—TAELES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—
TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBES AND
BROoOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS —TABLES OF HYPER.
BOLIC LOGARITHMS, —TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF
LOGARITHMIC SINES, TANGENTS, &c.

*In these days of advanced knowledge a work like this is of the greatest value. It contains
a vast amount of information. We unhesitatingly say that it is the most valuable compilation for its
gpecific purpose that has ever been printed. 151:- naval architect, engineer, surveyor, seaman,
wood or iron shipbuilder, can afford to be without this work."—Nawaica! Magazine,

“ Should be used by all who are engaged in the construction or design of vessels. . . . Will
be found to contain the mest useful tables and formule required by shipbuilders, carefully collected
from the best authorities, and put together in a popular and simple form. The book is one of
exceptional merit," —fSngineer, .

* The professional shipbuildes has now, in a convenient and accessible form, reliable data for
solving many of the numerous problems that nt themselves in the course of his work.”—feon,

**There is no doubt that a pocket-book of this description must be a necessity in the ship-
building trade. . . The volume contains a mass of useful information clearly expressed and
presented in a handy form." —Marine Engineer,

WANNAN’S MARINE ENGINEER’'S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ;
3oz Elementary Questions with Illustrated Answers, and Verbal Questions
and Answers; complete Set of Drawings with Statements completed. By
A, C. Wannan, C.E., Consulting Engineer,and E. W. . Wannan, M.1.M.E,
Certificated First Class Marine Engineer. With numerous Engravings. Third
Edition, Enlarged. soo pages. Large crown 8vo, cloth . . Net 10/86
“The book is clearly and plainly written and avoids unnecessary explanations and formulas,
and we consider it a -.raiuaﬁle book for students of marine engineenng,”—Nextical Magazine,

WANNAN’S MARINE ENGINEER’S POCKET-BOOK,.

Containing Latest Board of Trade Rules and Data for Marine Engineers.
By A. C. Wannan., Third Edition, Revised, Enlarged, and Brovght up to
Date. Square 18mo, with thumb Index, leather. [ Just Publisked. B0

“There is a great deal of useful information in this little pocket-book. It is of the rule.of
thumb order, and 15, on that account, weil adapted to the uses of the sea-going engmeer.”—
Engrneer.,

THE SHIPBUILDING INDUSTRY OF GERMANY.

Compiled and Edited by G. LEnmann-FeLskowskl. With Coloured Prints,
Art Supplements, and numerous Illustrations throughout the text. Super-

royal 4to, cloth, [ Just Published. Net 10Q/6
f B
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SEA TERMS, PHRASES, AND WORDS

(Technical Dictionary of) used in the English and French IM?BEE!
%Eninsh-Funch, French-English). For the Use of Seamen, Engineers, Pilots,

hipbuilders, Shipowners, and Ship-brokers. Compiled by W. PIrrIE, late of
the African Steamship Company. Fecap. 8vo, cloth limp G e . 8/0

* This volume will be hiﬁhiru:lppm:iamd by seamen, engineers, pilots, shipbullders and ship-
vwners, It will be found wonderfully accurate and complete.”—Scotsman.

“ A very useful dictionary, which has lnzf been wanted by French and English engineers,
masters, officers and others."—Shipging oy,

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant,
for the Use of Shipowners and Builders, Marine Electricians and Sea-goin
Engineers in Charge. By i W. UrquuarTt, Author of “ Electric Light,
‘*Dgnnmn Construction,” &c. Second Edition, Revised and Extended.
With numerous Illustrations. Crown 8vo, cloth . . . . . 78

MARINE ENGINEER’'S POCKET-BOOK.

Consisting of useful Tables and Formule. By Frank ProcTor, A.I.N.A.
Third Edition. Royal 32mo, leather. . . " 4/0

* We recommend it to our readers as going far to supply a long-felt want."—Naval Science.
“* A most useful companion to all marine engineers."—{'nited Sertvice Garerte.

ELEMENTARY MARINE ENGINEERING.

A Manual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engines and Boilers, Geometry, &c. With
an Appendix of Useful Tables. By J. S. BRewgr. Crown 8vo, cloth 1/8

** Contains much valuable information for the class for whom it isi tended, especially in the
chapters on the management of boilers and engines,"—Naufical Mayazine,

MARINE ENGINES AND STEAM VESSELS.

A Treatise on. By Roserr Murray, C.E. Eighth Edition, thoroughly
Revised, with considerable Additions by the Author and by GrorGE
CarrisLg, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown
a"'ﬂ; l::l.l:ll'.h . " " w W W W . W . 1 W W 4,‘5

PRACTICAL NAVIGATION.

Consisting of THE SaiLor's Sea-Book, by James Greenwoop and W, H.
Rosser ; together with the requisite Mathematical and Nautical Tables for
the Working of the Problems, by Henry Law, C.E., and Professor J. R.
Younc. Illustrated. 12mo, strongly balf-bound . . % . . T7/0

THE ART AND SCIENCE OF SAILMAKING.

By SamueL B. SApLERr, Practical Sailmaker, late in the employment of
essrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and
other Illustrations. Small 4to, cloth . 12/8

" This extremely practical work gives a complete education in all the branches of the manu.
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first-
rate text-book and guide.”"—Peorismonth Times,

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains
Chain Cable and Chain Making, Forming and Welding Links, Strength u}
Cables and Chains, Certificates for Cables, Marking Ca les, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
Charges for Testing, List of Manufacturers of Cables &c., &c. By
Tnomas W. Trami, F.E.R.N., M.Inst.C.E., Engin:er-éurveyur-in-ﬂhief,
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments,
and General Superintendent Lloyd's Committee on Proving Establishments,
With numerous Tables, Illustrations, and Lithographic Drawings. Folio
cloth, bevelled boards . : : . : AL . £2 2.:

** It contalns a vast amount of valuable lnf H th!.'ng‘ Bems make
a complete and standard work of reference on tgﬂ:mn&"ﬂ-uﬁ;{ Hmﬂng o "
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MINING, METALLURGY, AND
COLLIERY WORKING.

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN
PETROLEUM INDUSTRY.

A Practical Handbook on the Exploration, Exploitation, and Management
of Russian Oil Properties, including Notes on the Origin of Petroleum in
Russia, a Description of the Theory and Practice of Liquid Fuel, and a
Translation of the Rules and Regulations concern ing Russian Oil Properties.
By A, Beesy THomrson, A.M.LM.E., late Chief Engineer and Manager of
the European Petroleum Company's Russian Oil Properties. About 500 pp.
With numerous Illustrations and Photographic Plates, and a Map of the
Balakhany-Saboontchy-Romany Oil Field, Super-royal 8vo, cloth.

[ fusé Published., Net £3 3s.

MACHINERY FOR METALLIFEROUS MINES.

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of
Mines. By E. HeEnry Davies, M.E., F.G.S. 6oopp. With Folding Plates
and other Illustrations. Medium 8vo, cloth A : Net 25/0

** Deals exhaustively with the many and complex details which go to make up the sum total of
machinery and other requirements for the successful working of metalliferous mines, and as a book
of ready reference is of the highest value to mine managers and directors,”"—Minine Fournal,

THE DEEP LEVEL MINES OF THE RAND,

And their Future Development, considered from the Commercial Point of View.
By G. A. DEnny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris,
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates.
Royal 8vo, buckram . . : b e . . Net2B/0

* Mr. Denny by confining himself to the consideration of the future of the deep-level mines
of the Rand hreais new ground, and by dealiT with the subject rather from a commercial stand-
point than from a scientific one, ap 5 to a widecircle of readers, ‘The book cannot fail to prove
of very great value to investors in South African mines,"—AMining Fournal,

PROSPECTING FOR GOLD.

A Handbook of Information and Hints for Prospectors based on Personal
Experience. By Dawmier J. Ramkin, F.R.S.G.S., M.R.A.S,, formerly
Manager of the Central African Company, anid Leader of African Gold Pros-
pecting Expeditions. With Illustrations specially Drawn and Engraved for
the Work ~ F'cap. 8vo, leather . : o7 ; : Net T8
**This well-compiled book contains a collection of the richest gems of useful knowledge for

the prospector’s benefit. A special table is given to accelerate the spotting at a glance of minerals
associated with gold."—Mining Forrnal,

THE METALLURGY OF GOLD.
A Practical Treatise on the Metallurgical Treatment ot Gold-bearing Ores,
Including the Assaying, Melting, and Refining of Gold. By M. EissLEr,
M, Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and

numerous Foiding Plates. Medium 8vo, cloth : ; A . Net 21/0
** This buok thoroughly deserves its title of a * Practical Treatise," The whole process of gold
ing, from the breaking of the quartz to the assay of the bullion, is described in clear and v

narrative and with much, but not too much, fulness of detail,"—Safurday Revienw,

THE CYANIDE PROCESS OF GOLD EXTRACTION.

And its Practical Application on the Witwatersrand Gold Fields and elsewhere.
By M. EissLEr, M. Inst. M.M. With Diagrams and Working Dr.?mngs.
Tﬁird Edition, Revised and Enlarged. 8vo, cloth . 0 : . Net 76

'* This book is fust what was needed to acquaint mining men with the actual working of a
which is not only the most popular, but is, as a general rule, the most successful for the
extraction of gold from tailings." —Mendng Fowrnal,

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-

specting and Exploiting Mineral-Benrmg Properties, mcludmﬁ Particulars of

t]]:: Costs of Apparatus and Working. By G. A. DExny, M.N.E, Inst. M.E.,

M. Inst. M.M. Medium 8vo, 168 pp., with Illustrative Diagrams . 12/6

“ There is certainly scope for a work on diamond dﬂ'l_’uz, and Mr. Denny deserves grateful
recognition for supplying a decided want."—Myning Fou s

e T R —
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GOLD ASSAYING.

A Practical Handbook for Assayers, Bankers, Chemists, Bullion Smelters,
Goldsmiths, Mining and Metallurgical Engineers, Prospectors, Students, and
others. By H. Josuva PuiLLies, F.1.C.,, F.C.5.,, A.lC.E., Author of
““ Engineering Chemistry,” etc. Large Crown 8vo, cloth.

[Just ready, price about TG mnet.

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MEeRrITT,
M.N.E, Inst. M.E., A.R.S.M., &c. With Photographic Plates and other
Illustrations.  Fcap. Bvo, leather . . . . . . N BIO

*“As an instructor of prospectors® classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The contents cover

all the details of sampling and testing gold and silver ores. A useful addition to a prospector’s
kit."—AMfiming Fournal,

THE PROSPECTOR’S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other
Valuable Minerals. By J. W. AnpeErson, M.A. (Camb.), F.R.G.5. Ninth
Edition, Small crown 8vo, 8/8 cloth ; or, leather = : 4/6

" Will supply a much-felt want, e:spﬂ:!.a.]lr among Colonists, in whose way are so often thrown
many mineralogical specimens the value of which it is difficult to determine.”—Emgineer,

“ How to find commercial minerals, and how to identify them when are found, are the
leading points to which attention is directed. The author has to pack as much practical
detail into his pages as would supply material for a book three times its size."— Mindng Fournal,

THE METALLURGY OF SILVER.

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver
Ores. Including the Assaymgf Melting, and Refining of Silver Bullion. By
M. EissLEr, M. Inst. M.M. Third Edition. Crown Bvo, cloth . 10/8

* A practical treatise, and a technical work which we are convinced will supply a leng-felt

want mmongst practical men, and at the same time be of value to students and others indivectly
connected with the industries."—Mining Fournal,

THE HYDRO-METALLURGY OF COPPER.

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat-
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores.
By M. EissLER, M. Inst. M.M. 8vo, cloth ThE Net12/9

. In this volume the various processes for the extraction of copper by wet methods are fully
detailed, Costs are given when available, and a great deal of useful informati n about the copper
industry of th= world is presented in an interesting and attractive manner,”—Afinsng Fournal.

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.
By M. EissLEr, M. Inst. M.M., Author of " The Metallurgy of Geold," &c.
Crown 8vo, 400 pp., with 183 Illustrations, cloth . . : . 12/8
* The numerous metaliurgical processes, which are fully and extensively treated of, embrace

all the stages experienced in the passage of the lead from the various natural states to its issue from
the refinery as an article of commerce."—Practical Enpincer,

METALLIFEROUS MINERALS AND MINING.

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and h
Enlarged by his Son, E. HExry Davies, iHLE., F.G%. oo pp:nwithml:gg
Illustrations. Large crown 8vo, cloth o g : : Net 12/

" Neither the practical miner nor the general reader, interested in mines, can h
book for his companion and his guide."—Minring Fowrnal, ' ave a better

EARTHY AND OTHER MINERALS AND MINING.

By D. C. Davies, F.G.5., Author of ‘* Metalliferous Minerals,” &c, Third
Edition, Revised and Enlarged by his Son, E. HENrY Davies, M.E., F.G.S,
With about oo Illustrations. Crown 8vo, cloth . " . u . 12/8

" We do not remember to have met with any English work on mining matters i
the same amount of information packed in equall'yrmweﬂm: form."—.4 cagermy, SO SOALeINE

BRITISH MINING.

A Treatise on the History, Discovery, Practical Devel ks

Prospects of Metalliferous Mines in the United Kingom ];;dnﬂ'umutnr;
Hunt, F.R.S., late Keeper of Mining Records. Upwards of gso pp., with
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth &9 Q4.
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POCKET-BOOK FOR MINERS AND METALLURGISTS.

Cnmﬁnmng Rules, Formul=, Tables, and Notes for Use in Field and Office
Work. By F. Danvers Power, F.G.S., M.E. Second Edition, Corrected.
Fcap. 8vo, leather . . - - g - 4 . . % . 9/0
“This excellent book Is an admirable example of its kind, and ought to find a large sale
amongst English-speaking prospectors and mining engineers,"—Engineering.

THE MINER’S HANDBOOK.

A Handy Book of Reference on the subjects of Mineral Deposits, Mining
Operations, Ore Dressing, &c. For the Use of Students and others interested
in Mining Matters. Compiled by Joun MiLng, F.R.S., Professor of Minin
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather T/

“ Professor Milne's handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students. "—. dhernzm,

IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Uﬁ%in, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. B
J. D. KenpaLwr, F.G.S., Mining Engineer. Crown 8vo, cloth . . ‘IE}'S

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Pumping Machinery. By StErHEN MicHeLL. Second Edition, Re-written
and Enla:g:d. With 250 Illustrations. Royal 8vo, clqth ; Net 25/0

HORIZONTAL PUMPING ENGINES.—ROTARY AND MNON-ROTARY HORIZONTAL
ENGINES. —SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL PUMPING ENGINES.—
ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM
PUMPS. — TRIPLE-EXPANSION STEAM PUMPS. — PULSATING STEAM PUMPS. — PUMP
VALVES =SINKING PUMPS, &c., &c.

"*This wolume contains an immense amount of important and interesting new matter.
The book should undoubtedly prove of great use to all who wish for information on the sub-
ject."—=The Engineer,

ELECTRICITY AS APPLIED TO MINING.

By ArnorLp Lupron, M.Inst.C.E., M.I. M.E., M.L.E.E., late Professor of
Coal Mining at the fﬂrkﬂhir& College, Victoria University, Mining Engineer
and Colliery Manager; G. D. AspinaLL Parr, M.LE.E., A M.LLM.E.,
Associate of the Central Technical College, City and Guilds of London, Head
of the Electrical Engineering Department, Yorkshire College, Victoria
University ; and HErerT PERKIN, M.I.M.E., Certified Colliery Manager,
Assistant Lecturer in the Mining Department of the Yorkshire College,
Victoria University. With about 170 Illustrations. Medium 8vo, CI?:;._I-'IE 210
€

(For SUMMARY OF CONTENTS, see page =3.)

THE COLLIERY MANAGER’'S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries
Designed as a Book of Reference for Colliery Managers, and for the Use of Cnni
Mining Students preparing for First-class Certificates. By CaLEmr PAMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Engineers ; and Member of the South Wales Institute
of Mining Engineers. With joo Plans, Diagrams, and other Illustrations.
Fourth Edition, Revised and Enlarged. g64 pp. Medium 8vo, cloth £1 Bs.

GEOLOGY.—SEARCH FOR COAL.—MINERAL LEASES AND OTHER HOLDINGS.—
SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE ARRANGEMENTS.—STEAM
BOILERS AND THEIR FITTINGS.—TIMEERING AND WALLING.— NARROW WORK AND
METHODS OF WORKING. — UNDERGROUND CONVEYANCE, — DRAINAGE.—THE GASES
MET WITH IN MINES; VENTILATION. — ON THE FRICTION OF AIR IN MINES. — THE
PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS, — SURVEYING AND
PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY AND INCIDENTAL
OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCELLANEOUS QUESTIONS
AND ANSWERS,—Appendix: SUMMARY OF REPORT OF H.M. COMMISSIONERS ON
ACCIDENTS IN MINES.

“ Mr. Pamely's work is eminently suited to the purpose or which it is intended, being clear,
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in
every department. A mining engineer could scarcely go wrong who followed this work."—Collérry

 Mr. Pamely has not only given us a comprehensive reference book of a n&hlg‘h order
suitable to the requirements of i g engineers and colliery managers, but has provided
students with a class-book that is as interesting as it is instructive.”—Collvery Ma :
““This Is the most complete ‘all-round work on coal-mining published In the English
language. . . . No library of coal-mining books Is complete without it."—Colliery Hngineer
{Scranton, Pa., U.5.A.),
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of a Colliery M er, the Oversight and Arrange-

ment of Labour and Wages, and the different Systems of Working Coal
Seams. By H. F. BuLman and R. A. 5. REDMAVNE. 3%' pp., with

28 Plates and other Illustrations, including Underground Photographs.
Medium 8vo, cloth. 15/0

# This is, indeed, an admirable Handbook for Colli Managers, in fact it is an indispensable
adjunct to a Colliery Manager's education, as well as ng a most useful and interesting work
on the subject for all who in any way have to do with coal mining. The underground photographs

are an attractive feature of the work, being very lifelike and necessarily true representations of the
scenes they depict,"—Colltery Gaardian,

“ Mr, Bulman and Mr. Redmayne, who are both experlenced Colliery Managers of great
literary ability, are to be congratulated on having supplied an authoritative “vork dealing with a side
of the subject of coal mining which has hitherto received but scant treatment. The authors
elucidate their text by 119 woodcuts and 28 plates, most of the latter being admirable reproductions

of phﬂmﬁmphs taken underground with the aid of the magmesium Aash-light.” These illustrations
are excellent."—Nature,

COAL AND COAL MINING.

By the late Sir WarincTon W. SmyTH, M.A., F.R.S., Chief Inspector of the
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised
and Extended I:a:i'{T. ForsTeEr Browwn, Mining and Civil Engineer, Chief

Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown
8vo, cloth. 38

" As an outline is given of cverg known coal-field in this and other countries, as well as of the

principal methods of working, the k will doubtless interest a very large number of readers.” —
Mingng Fournal,

NOTES AND FORMULAZ FOR MINING STUDENTS.

By Joun HERMAN MERIVALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLman, A M.Inst.C.E. Small crown 8vo, cloth. 2/
" The author has done his work in a creditable manner, and has produced a book that wi
be of service to students and those who are practically engaged in mining operations."—Engineer,

INFLAMMABLE GAS AND VAPOUR IN THE AIR

(The Detection and Measurement of). By Frank Crowes, D.Sc., Lond.,
F.I.C. With a Chapter on THE DETECTION AND MEASUREMENT OF PETRO-
LEUM Varour by BoverTon REDWoOD, F.R.5.E., Consulting Adviser to the

Corporation of London under the Petroleum Acts. Crown 8vo, cloth. Net §/0
Professor Clowes has given us a volume on a subject of much industrial mportance .

Those interested in these matters may be recommended to study this book, which is easy of CI}IH.[I-II'B:
hension and contains many good things."—Tke Engineer.

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of
Coal, with Returns of their Produce and its Distribution, and Analyses of
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or
Seams ; Analyses of each Variety; and a History of the Rise and Progress cf
Pig Iron Manufacture. By RicHARD MEADE. 8vo, cloth . . £1 8s,

"Of this book we may unreservedly say that it is the best of its class which we have ever

met. . . . A book of reference which no one engaged in the iron or coal trades should omit £
his library."—Jfron and Coal Trades Review. i

ASBESTOS AND ASBESTIC.

Their Properties, Occurrence, and Use. By Roepert H. ongs, F.S.A.
Mineral:::gii:l?, Hon. Mem. Asbestos Club, Black Lake, Canada. With

Ten Collot Plates and other Illustrations. D
" An imﬂ‘ﬂ!‘-ﬂt{l.F:JId invaluable m:rl.;_"_cpm:,,-; %:Ea,.ﬂ;:-::l y 8vo, cloth. - 16/0

GRANITES AND OUR GRANITE INDUSTRIES.
By George F. Harris, F.G.S. With Illustrations. Crown Bvo, cloth /86

TRAVERSE TABLES.

For use in Mine Surveying. By WiLLiam LinTeERN, C.E. Wi
Small crown 8vo, cloth ?. R G i t;:iplzét%
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ELECTRICITY, ELECTRICAL
ENGINEERING, ETC.

THE ELEMENTS OF ELECTRICAL ENGINEERING.

A First Year's Course for Students. By Tvson SEweLL, A.LLE.E., Assistant
Lecturer and Demonstrator in Electrical Engmt:erlnfl at the Polytechnic,
Regent Street, London. Second Edition, Revised, with Additional Chapters
on Alternating Current Working, anid Appendix of Questions and Answers.
450 pages, with 274 Illustrations. Demy Bvo, cloth. [Just Published. Net T/6
OHM'S Law.—UNITS EMPLOYED IN ELECTRICAL EKGINEERING.-SERIES AND
PARALLEL CIRCUITS ; CURRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT.—
THE HEATING EFFECT OF THE ELECTRIC CURRENT.—THE MAGNETIC EFFECT OF AN
ELECTRIC CURRENT.—THE MAGNETISATION OF IRON.—ELECTRO-CHEMISTRY : PRIMARY
BATTERIES. —ACCUMULATORS, —INDICATING INSTRUMENTS ; AMMETERS, VOLTMETERS,
OHMMETERS.—ELECTRICITY SUPPLY METERS.—MEASURING INSTRUMENTS, AND THE
MEASUREMENT OF ELECTRICAL RESISTANCE. — MEASUREMENT OF POTENTIAL DIE-
FERENCE, CAPACITY, CURKRENT STRENGTH, AND PERMEABILITY.—ARC LAMPS. —INCAN-
DESCENT LAMPS; MANUFACTURE AND INSTALLATION; PHOTOMETRY.— THE CON-
TINUOUS CURRENT DYNAMO.—DIRECT CURRENT MOTORS.—ALTERNATING CURRENTS.
—TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS.—POLYPHASE WORKING.—
APPENDIX OF QUES[I{JNE AND ANSWERS,
“An excellent treatise for students of the elementary facts connected with electrical
engrineering."— e Efectrdcian,
**One of the best books for those commencing the study of electrical engineering, Every-
thing is explained in simple language which even a beginner cannot fail to understand."—Engrneer.
* One welcomes this book, which is sound in its treatment, and admirably calculated to give
students the knowledge and information they most require.”—/MNafnre.

CONDUCTORS FOR ELECTRICAL DISTRIBUTION.

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line
Construction, Undergrecund Working, and other Uses. By F. A.C. PERRINE,
A.M., D.Sc. ; formerly Professor of Klectrical Engineering, Leland Stanford,
Jr.,, University ; M.Amer.l.E.E. B8vo, cloth. [/ust Published. Neit 20/(=

CONDUCTOR MATERIALS—ALLOYED Cor»DUCTORS—MANUFACTURE OF WIRE—
WIRE-FINISHING—=WIRE INSULATION=CABLES—CALCULATION OF CIRCUITS—KELVIN'S
LAW OF EcONOMY IN CONDUCTORS—MULTIPLE ARC DISTRIBUTION—ALTERNATING
CURRENT CALCULATION—OVERHEAD [LINES—POLE LINE—LINE INSULATORS—UNDER.
GROUND CONDUCTORS,

WIRELESS TELEGRAPHY ;

Its Origins, Development, Inventions, and Apparatus. By CuarrLeEs HExry
SewaLL. With 85 Diagrams and Illustrations. Demy 8vo, cloth.
[fust Published. Net 10/6

ARMATURE WINDINGS OF DIRECT CURRENT
DYNAMOS.

Extension and Application of a General Winding Rule. By E. ArnoLp,
Engineer. Assistant Professor in Electrotechnics and Machine Design at the
Riga Polytechnic School Translated from the Original German by Fraxcis
B. D Gress, M.E , Chief of Testing Department, Crocker-Wheeler Com-
pany. With 146 Illustrations. Medium 8vo, cloth i 2 . Net 12/=

ELECTRICITY AS APPLIED TO MINING.

By ArnoLp Lupron, M.Inst C.E., M.I M.E., M.LLE.E., late mel:ss-:.}r of
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer
and Colliery Manager; G. D. AspivarLL Parr, M.LE.E., A M.LM.E,,
Associate of the Central Technical College, City ard Guilds of Loncon, Head
of the Electrical Engineering Department, Yorkshire College, Vicioria
University ; and HEserT PerKIN, M LM E. Certificated Ci lliery Manager,
Assistant Lecturer in the Mining Department of the Yorkshire College,
Victoria University. With abcut 170 llustrations. Medium 8vo, cloth. Nez 9f=
INTRODUCTORY., — DYNAMIC ELECTRICITY. — DRIVING OF THE DYNAMO. — THE
STEAM TURBINE.—DISTRIBUTION OF ELECTRICAL ENERGY.—STARTING AND STOPPING
ELECTRICAL GENERATORS AND MOTORS.—ELECTRIC CABLES.—CENTRAL ELECTRICAL
PLANTS.—ELECTRICITY APPLIED TO PUMPING AND HAULING.—ELECTRICITY APPLIED
To COAL-CUTTING.—TYPICAL ELECTRIC PLANTS RECENTLY ERECTED.— ELECTRIC
LIGHTING BY ARC AND GLOW LAMPS—MISCELLANEOUS APPLICATIONS OF ELECTRICITY
_ELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING POWER.=
DANGERS OF ELECTRICITY,
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS
FOR ELECTRICAL ENGINEERS.

A Practical Handbook dealing with Direct, Alternating and Polyphase

Currents. By WirLiam R. Bowker, C.E., M.E., E.E., Lecturer on Physics

and Flectrical Engineering at the Municipal Technical School, Bury. 8vo,

cloth. [Sust ready, price about 60 net.

DYNAMO ELECTRIC MACHINERY: its CONSTRUC-
TION, DESIGN, and OPERATION.

By SamueL SuELpow, A.M., Ph.D, Professor of Physics and Electrical

Engineuring at the Polytechnic Institute of Brooklyn, assisted by HonarT

Mason, B
In two volumes, sold separately, as follows :— '
Vol. L—DIRECT CURRENT MACHINES. Third Edition, Revised. Large

crown Bvo. 28o pages, with 200 Illustrations ! . Net 12/0
Vol. IL—ALTERNATING CURRENT MACHINES. Large crown 8vo. 260
pages, with 184 Illustrations . ; ; ;i : : Net 1210

Desigmed as Text-books for use in Technical Educational Institutions, and by Engineers
whose work includes the handling of Direct and Alternating Current Machines respectively, and
for Students proficient in mathematics.

ELECTRICAL AND MAGNETIC CALCULATIONS.

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all
others interested in the Theory and Application of Electricity and Magnetism.
Bv A. A. ATrinson, Professor of Electricity in Ohio University, Crown 8vo,

cloth Net 9/0

“Ta teachers and those who already possess a fair knowledge of their subject we can recom-
mend this book as being useful to consult when requiring data or formulze which it is neither con-
venient nor necessary to retain by memory."— ke Electricran.

SUBMARINE TELEGRAPHS.

Their History, Construction, and Working. Founded in part on WiNSCHEN-
poRFFE's ** Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CHarvLEs BriguT, F.R.5.E., A, M.Inst.C.E.,
M.I.LE.E. 9780 pp., fully Illustrated, including Maps and Folding Plates.
Royal &vo, cloth . ; 4 5 . : " Nei £3 3s,

**There are few, if any, persons more fitted to write a treatise on submarine tele-g‘ra]:{h than
Mr. Charles Bright. He has done his work admirably, and has written in a way which will
appeal as much to the layman as to the engineer. This admirable volume must, for many years to
come, hold the position of the English classic on submarine telegraphy.”—Enpincer.

“"This book is full of information. It makes a book of reference which should be in every

engineer's library."— Natnre.
‘“*Mr. Bright's intere:z.tilll‘g]}r written and admirably llustrated book will meet with a welcome
i

reception from cable men."—FElectrician.

** The author deals with his subject from all points of view—political and strategical as well as
scientific. The work will be of interest, not only to men of science, but to the general public, We
can strongly recommend it,"—.4 thenarom,

THE ELECTRICAL ENGINEER’S POCKET-BOOK.

Consisting of Modern Rules, Formula, Tables, and Data. By H. R. KEmeE,
M.LLE.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of
‘*A Handbook of Electrical Testing," &c. Second Edition, thoroughly
Revised, with Additions. With numerous Illustrations. Royal 32mo, oblong,
leather s . i R AT

‘* It is the best book of its kind,"—Electrical Engineer.
"The Electrical Engineer's Pocket-Book is a good one."—Electrician.
* Strongly recommended to those engaged in the electrical industries.”"—Elecirical Review,

POWER TRANSMITTED BY ELECTRICITY.

And applied by the Electric Motor, including Electric Railway Construction.
By P. Atxinson, A.M., Ph.D. Third Edition, Fully Revised, and New
Matter added. With g4 Illustrations. Crown Bvo, cloth . . Net 90

DYNAMIC ELECTRICITY AND MAGNETISM.

By Puiurr Arkinson, A.M., Ph.D., Author of * Elements of Stati
E‘!’;ctnc:t}'.“ &ec. Crum; 8vo, 41’;! PP w:ith 120 Illustrations, cloth . 13}3
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THE MANAGEMENT OF DYNAMOS.

A Handybook of Th and Practice for the Use of Mechnnics, Engineers,
Students, and others in arg: of Dynames. By G. W. LumsMis-PATERSON.

Third Edmun, Revised. Crown 8vo, cloth 4/8
" An e:a.miih which deserves to be taken as a model by otherauthors. The suhject is treated
In a manner which any intelligent man who is fit to be entrusted with charge of an engine should
If_,-:ﬂi to understand. Itis a useful book to all who make, tend, or employ electric machinery,”
slect,

THE STANDARD ELECTRICAL DICTIONARY.

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical
Engmmmg Containing upwards of 3,000 definitions, By T. O'Conor
Svoang, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 6go pp.,

:}l?l? Illustrations, cloth . : Net T8
& work has many attractive fearures in it, and Is -:I c'luubt a well put together and
useful publication. The amount of ground covered may be gathered from the fact that in the index
about 5,000 references will be found.”"—Flectrical Review,

ELECTRIC LIGHT FITTING.

A Handbook for Working Electrical Engineers, embodying Practical Notes on
Installation Management. By J. W. UrqurarT, Electrician, Author of
‘" Electric Light,” &ec. With numerous Illustrations. Third Edition, Revised,

with Additions. Crown 8vo, cloth . . Ell'n
*This volume deals with the mechanics l;-t elecl:r?&c l:ightlng i.nd is addrﬁsed. to men who
are already engaged inthe work, or are training for it. The m:n.-k traverses a great deal of ground,
and may be read as a sequel to the author's useful work on * Electric Light.' -—Ekr&rmn
e **The book is well worth the perusal of the workman, for whom it is written."—FE/fectrical
ELTET,

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps.
By J. W. UrqunarT, C.E. Sixth Edition, Enlarged. Crown 8vo, cloth.

6

"* The whole ground of electric lighting Is more or less covered and explained in a vaqr?:'lﬂ.r

and concise manner. " —Elecirical Review,

i "“ A vade-smecumm of the salient facts connected with the sclence of electric lighting."—
friciah.,

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of Engineer-Constructors and Electricians-
in-Charge. Embracing Framework Building, Field Magnet and Armature
Winding and Gmupmg Cﬂmfuundmg. &c. By J. W. UrQUHART. Second
Edition, Enlarged, with 114 Illustrations. Crown 8vo, cloth . . T7/8
“ Mr. Urquhart's book Is the first one which deals with these matters in such a way that the

engineering student can understand them. The book is readable, and the author leads his
readers up to dificult subjects by reasonably simple m"‘? mpinesring Review

ELECTRIC SHIP-LIGHTING.
A Handbook on the Practical Fitting and Running of Ships' Electrical Plant.
For the Use of Shlp-uwners and Builders, Marine Electricians, and Seagoin
Fr'ljgmcers -in-Charge. []' W. URQUHAET C.E. Second Edition, Revis
L}

Extended. With 88 Illustrations, Crown 8ve, cloth . 76

** The subject of ship electric 11ghnalg is one ni vast !.mpnnante and Mr. Urquhnrt is to be

highly complimented for placing such a valuable work at the service of marine electricians."—T/e
Steamship.

ELECTRICLIGHTING (ELEMENTARY PRINCIPLES OF).
By Aran A. CampBerLL Swinton, M.Inst.C.E., M L E E. Fifth Edition.
With 26 Illustrations. Crown 8vo, cloth . . ; - . 1/8

ELECTRIC LIGHT FOR COUNTRY HOUSEE

A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. B'_',r J. H. KNIGHT.
Third Edition, Revised. Crown 8vo, wrapper ‘ ' . 10

HOW TO MAKE A DYNAMO.
A Practical Treatise for Amateurs. Containing Illustrations and Detailed
Instructions for Constructing a Small Dynamo to Produce the Electric Light

By ALFRED CrOFTs. Sixth Edition, Revised. Crown 8vo, cloth . 2/0

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.
By H. M. Noap, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo, d&?ﬁ
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ARCHITECTURE, BUILDING, ETC.
PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Preparing for Examinations, and a Book of
Reference for Persons Engaged in Building. By Joun PARNELL ALLEN,
Surveyor, Lecturer on Building Construction at the Durham College of
Science, Newcastle-on-Tyne. Fourth Edition, Revised and Enlarged.
Medium 8vo, 570 pp., with 1,000 Illustrations, cloth.

[Just Published. Ne? T8

' The most complete exposition of building construction we have seen. It contains all that is

necessary to prepare students for the various examinations in building construction."—Buwilding
NMews.

“* The author depends nearly as much on his dlagrams as on his type. The es suggest
the hand of a man of experience in building operations—and the volume must be a blessing to
many teachers as well as to students.”— Fae A rokidfect.

“The work is sure to |I:lm1.re a formidable rival to great and small competitors alike, and
bids fair to take a permanent place as a favourite student's text-book. The large number of illus.
trations deserve particular mention fur the great merit they possess for purposes of reference in
exactly corresponding to convenient scales," — Fournal of the Royal Instituie of British Avrchitects.

PRACTICAL MASONRY.

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden-
tives, Vaults, Tracery Windows, &c.; to iwhich are added Supplements
relating to Masonry Estimating and 1";_3'|.1::1.nl'.1'cl2(I Surveying, and to Building
Stones, and a Glosszry of Terms. For the Use of Students, Masons, and
other Workmen. By WiLLiam R. Purchasg, Building Inspector to the
Bomuﬁh of Hove. Fourth Edition, Enlarged. Royal 8vo, 210 pp., with
52 Lithographic Plates, comprising over 4oo Diagrams, cloth.

; [ Just Published. Net 7/6
*Mr. Purchase's ‘Practical Masonry ' will undoubtedly be found useful to all interested in
this important subject, whether theoretically or practically. ost of the examples given are from
actual work carried out, the diagrams being carefully drawn  The book i5 a practical treatise on
the subject, the author himself having commenced as an operative mason, and afterwards acted as
foreman mason on mary large and important buildings prior to the attainment of his present
position. It should be found of general utility to architectural students and others, as well as to

those to whom it is specially addressed.” — Fournal of the Royval Mmsedtute of Britich Architects.

MODERN PLUMBING, STEAM AND HOT WATER
HEATING.
A New Practical Work for the Plumber, the Heating Engineer, the Architect,
and the Builder. By J. J. LAWLER, Author of ** American Sanitary Plumbing,”
&c. With 28B4 Illustrations and Folding Plates. 4to, cloth . Net 21/=
HEATING BY HOT WATER,
VENTILATION AND HOT WATER SUPPLY.
By WaLTeR Jones, M.LLM.E. 340 pages, with 140 Illustrations. Rayal 8vo,
cloth. [/ust Published. Net 6/0
CONCRETE : ITS NATURE AND USES.

A Book for Architects, Builders, Contractors, and Clerks of Warks. By
Georce L. SurcLiFrE, A.R.ILB.A. 350 pp., with Illustrations. Crown
B‘rﬂ‘l Ciﬂth - L} L} § " L T!E

* The author treats a difficult subject In a Iuciﬂ- manner. The manual fills a long-felt gap.

It Is careful and exhaustive ; equally useful as a student’s guide and an architect's book of
reference,”'— Fournal of the Roval Institute of British Architecis,

LOCKWOOD’S BUILDER’S PRICE BOOK for 1904.
A Comprehensive Handbook of the Latest Prices and Data for Builders,
Architects, Engineers, and Contractors. Re-constructed, Re-written, and

Greatly Enlarged. By Francis T. W. MiLLER. Boo closely-printed pages,
crown 8vo, cloth . - g . - : zi;ﬂ

v L] L}

" This book is a very useful one, and should find a place in ev fhic
with the bu“dl‘;ﬁ:;ld HIIHF eering professions. " —J/sd: p P_ ery English office connected

+ 0 165 hew ang sevised form it Price BOL et
“In its new an i
hensive, rellable, well umugud.uﬁ:lbla. ::E.:rdl mmfﬁﬂiﬂmd S T
DECORATIVE PART OF CIVIL ARCHITECTURE.
By Sir WiLLiam Cuameers, F.R.S. With Portrait, Illustrations, Notes, and

an EXAMINATION OF GRECIAN ARCHITECTURE, by JosEPH GwiLt, F.S5.A.
Revised and Edited by W. H. LEEDs. 66 Plates, 4to, cloth . . 91/0
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THE MECHANICS OF ARCHITECTURE.

A Treatise on Applied Mechanics, es A)ectail Adapted to the Use of Architects.

By E. W. Tarn, M.A., Author of cience of Building," &c. Second

Edition, Enlarged. Ilustrated with 125 Dmgra.ms Crown 8vo, cloth T/8
**The book is a very useful and helpful manual of architectural mechanics, " —Budlder,

A HANDY BOOK OF VILLA ARCHITECTURE.

Being a Series of Designs for Villa Residences in various Styles. With
QOutline Specifications and Est:mni:f.s. By C. Wickes, Architect, Author of
““ The Spires and Towers of England '&c. 61 Plates, 4to, half- murocm, gilt
Edﬁﬁ . . . . £1 11.- 'BD#

" The whole of the dﬂ.&g'ns bga.r eﬂdence uf thl:lr belng the w-:irk of an artistic architect, and
they will prove very valuable and suggestive."—Building News.

THE ARCHITECT’S GUIDE.

Being a Text-book of Useful Information for Architects, Engineers, Surveyors,
Contractors, Clerks of Works, &c., &c. By F. RogErs. Crown 8vo, ¢ oth.
3/

ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing a Large
House in Linear Perspective. Illustrated by 43 Fcldmg Plates. By FR%
FErGuson. Third Edition. B8vo, boards - 3;3

It is the most intelligible of the treatises on this ill- tmateﬂ subju:t that I h:.ve met with,"—
E. INGRESS BELL, ESQ,, inthe R.LB.A. Fowrnal,

PRACTICAL RULES ON DRAWING.

For the Operative Builder and Ynung Student in Architecture. By GEORGE
P'I'NE. I4 Platﬂs. 4“}. bﬂnrds . . ¥ [ . . . " T!E

MEASURING AND VALUING ARTIFICERS’ WORK

(The Student’s Guide to the Practice of). Containing Directions for takin
Dimensions, Abstracting the same, and bringing the Quantities into Bill, wit
Tables of Constants for Valuation of Labour, and for the Calculation of Areas
and Solidities. Originally edited by E. Dosson, Architect. With Additions
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and
63 Woodcuts. Crown 8vo, cloth, . : - : . T7/8

** This edition will be found the most complete I:n:a.ti_m on r.'h:: pnn:iples of measuring and
valuing artificers’ work that has yet been published. "—8udlading News,

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR.

For Builders and Surveyors. Containing Technical Directions for Measuring
Work in all the Building Trades, Complete Specifications for Houses, Roads,
and Drains, and an Kasy Method of Estimating the parts of a Bmldmg
collectively. By A. C+ EATON. Ninth Edition. aistcoat-pocket size,
gilt edges . . s a8
" No builder, architect, surv :-3, or, urva]uershuu'tdbewithout Iﬂ.s Beatnm —Euﬁdin; News.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Buildings. Upon the Basis of thc
Work by ALrrEpD BarTHOLOMEW, thoroughly Revised, Corrected, and greatly
added to by FREDERICK Rmnus, Architect. Third Ed:tmn, Revised. 8vo,
cloth ; : . . 16/0

" The work 15 too well I:nam:l. to need a.n].r ru:um.mendaﬂon frum. us, II iz one of the hooks
with which every young architect must be equipped."—dArohdtect,

THE HOUSE-OWNER’S ESTIMATOR.

Dr What will it Cost to Build, Alter, or Repair? A Price Book for Un.
essional People as well as the Architectural Surve a.mi Builder. By

D Simon. Edited by F. T. W. MiLLEr, A.R.I. Fifth Edition,
fully Revised. Crown 8vo, cluth . . . . k& . Net 3/8

' In two years it will repay its cost a hundred times over."—Field,

b
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SANITATION AND WATER SUPPLY.

.

THE HEALTH OFFICER’S POCKET-BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By HDwaRrD
F. WiLLovGHEBY, M.D. (Lond.), &c. Second Edition, Revised and Enlarged.
Fcap. 8vo, leather ’ . : / ; : Ner 10/6

“ It is 4 mine of condensed information of a pertinent and useful kil'_lﬂ ofl the various Sl{]’jffm
of which it treats, The different subjects are succinctly but fully and scientifically dealt with."—
Fhe Lancet. } ’

“ We recommend all those engaged in practical sanitary work to furnish themselves with a
copy for reference."—Sanitary Fournal,

THE BACTERIAL PURIFICATION OF SEWAGE:

Being a Practical Account of the Various Modern Biological Methods of
Purifying Sewage. By Siowev Barwisg, M.D. (Lond.), D.P.H. (Camb.),
etc. With 1o Page Plates and 2z Folding Diagrams. Royal 8vo, cloth.

Net 810
THE PURIFICATION OF SEWAGE.

Being a Brief Account of the Scientific Principles of Sewage Purification, and
their Practical Application. By Sionev Barwise, M.D. (Lond.), M.R.C.5,,
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshire County Council. Crown Bvo, cloth . g . . 8/0

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Supply. By S. Ripear, D.Sc. Lond., F.1.C. Second
Edition, Revised, with Additions, including numerous Illustrations and Tables.
Large Crown 8vo, cloth . : : . . . - - . Net 9/0

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for Small Country Districts. By Avrran GreenweLL, A.M.I.C.E.,
and W. T. Currv, AAM.I.C.E. Revised Edition. Crown 8vo, cloth 5§/0

THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam Humeer, A .M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half-
bound morocco. (See page 11.) A : . Net £6 6s.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

By Proressor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised
and Extended. Royal 8vo, cloth. (See page 10.) . . N . £1 Bs.

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa.
tion of Water for the Suppiy of Towns. By C. SLace, A.M. Inst. C.E. 7/8

SANITARY WORK IN SMALL TOWNS AND VILLAGES.
By CHARLES SLacG, A. M. Inst. C.E. Crown 8vo, cloth . . . 30

PLUMBING.

A Text-book to the Practice of the Art or Crait of the Plumber. By W. P.
Bucuan. Ninth Edition, Enlarged, with soo Illustrations. Crown 8vo, 3/8

VENTILATION.

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P.
Buchan, R.P. Crown 8vo, cloth . ; - 'm; 'u 'ngs. ]: 3."%
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CARPENTRY, TIMBER, ETC.

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 Dﬂi::rigtinns of the kinds of Wood used
in Building; also numerous Tables of the Scantlings of Timber for different
E\’ ses, the Specific Gravities of Materials, &c. By Tuomas Trencovp, C.E.
ith an Appendix of Specimens of Various Roofs of Iron and Stone, Illus.
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by
E. WynpHAM Tarn, M.A., Author of '‘The Science of Building,” &c.
With 61 Plates, Portrait of the Author, and several Woodcuts. In One large
Vol., 4to, cloth . . z A - : . : 4 ; . £1 5s,
" Dught to be in every architect's and every bullder's library. "— Busd/der.
“A work whose monumental excellence must commend it wherever skilful carpentry is

concerned. The author's principles are rather confinned than impaired by time. The additional
plates are of great intrinsic value,"— Buslding News,

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. B

M. Powis Baie, AM.Inst C.E.,, M.LLM.E. Second Edition, Revised,
with large Additions, large crown 8vo, 440 pp., cloth . : : . 9/0

“Mr. Bale is evidently an expert on the subject; and he has collected so much Information
that his book is all-sufficient for builders and others engaged in the conversion of imber."—. 4 »cliffes.

"The most comprehensive compendium of wood-working machinery we have seen, The
author is a thorough master of his subject. " —Sudiding News.

SAW MILLS.

Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powis Barg, A.M.Inst.C.E. Second Edition, Revised.
men B‘?’D, Elﬂth- ® & ® L o 1 nfﬂ

" The gadministration of a large sawing establlshment is discussed, and the subject examined
from a financial standpoint, Hence the size, shape, order, and disposition of saw mills and the like
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its
converted state. 'We could not desire a more complete or practical > fider

"— Builder,
THE CARPENTER’S GUIDE.

Or, Book of Lines for Carpenters; comprising all the Elementary Principles
essential for acquiring a knowledge of entry. Founded on the late PETER
Nicuovrson's standard work., A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Practical Rules on Drawing, by GEorGE Py¥xE.
With 74 Plates, 4to, cloth - : . : . ; . . £1 1s.

A PRACTICAL TREATISE ON HANDRAILING.

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By GEeorce
CoLLinNGs. Revised and Enlarged, to which is added A TreEATISE ON
STAIR-BUILDING. Third Edition. With Plates and Diagrams. 12mo, cla?&

* Will be found of practical utility in the execution of this difficult branch of joinery."—Busilder.
* Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by

the aid of plates and explanatory letterpress.” —Furnifure Gazsetie.

CIRCULAR WORK IN CARPENTRY AND JOINERY.

A Practical Treatise on Circular Work of Single and Double Curvature. By
GEoRGE CoLLINGS. With Diagrams. Fourth Edition, 12mo, cloth . 2/8

* An excellent example of what a book of this kind should be, Cheap In price, clear in
definition, and practical in the examples selected.” —Buslder.

THE CABINET-MAKER'S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WORK.

By RicHarp Birmeap. Illustrated with Plans, Sections and Working
Drawings. Crown 8vo, cloth . b . P . a o ' . 2/6
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HANDRAILING COMPLETE IN EIGHT LESSONS.

On the Square-Cut System. By J. S. GoLprHorp, Teacher of Geometry
and Building Construction at the ifax Mechanics' Institute. With Eight
Plates and over 150 Practical Exercises. 4to, cloth s a4« v 3e

*“ Likely to be of considerable value to jolners and others who take a pride In good work.
The arrangement of the book is excellent. e heartily commend it to teachers and students.”"—
Timber Trades Fowrnal,

TIMBER MERCHANT’S and BUILDER’S COMPANION.

Containing New and Copious Tables of the Reduced Weight and Measure-
ment of Deals and Battens, of all sizes, and other Useful Tables for the use of
Timber Merchants and Builders. By WiLLiam Dowsing. Fourth Edition,
Revised and Corrected. Crown 8vo, cloth g : . - - . 30

"We are glad to see a fourth edition of these admirable tables, which for correctness and
simplicity of arrangement leave nothing to be desired.”— Timber Trades Fournal,

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 T'radt,
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of
Timber, &c. By W. RicuarpsoN, Second Edition. Fcap. 8vo,cloth . 3/6

“Thiz handy manual containg much wvaluable information for the use of timber merchants,

builders, foresters, and all others connected with the growth, sale, and manufacture of timber."—
Fowrnal of Fovestry,

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six
inches square and upwards. By W. RicHArpsoN, Timber Eroker. Third
Edition. Oblong 4to,cloth . . . N 8 e . . 3/8

* Invaluable labour-saving tables,"—Jfronsmonger.
“Will save much labour and calculation,"—Grocer,

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 to 2oo inches in length by 1 to 108 inches in breadth.
For the use of Architects, Surveyors, Engineers, Timber Merchants,
Builders, &c. By James Hawxings. Fifth ition. Fcap., cloth. 3/6

' These tables will be found of great assistance to all who require to make calculations of
superficial measurement.”"—FEuglish Mechanic,

PRACTICAL FORESTRY.

And its Bearing on the Improvement of Estates. By CuarLEs E. CurTis,
F.S.1.,, Professor of Forestry, Field Engineering, and General Estate
Management, at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth ; ‘ : S : . 36

PREFATORY REMARKS. — OBJECTS OF PLANTING, — CHOICE OF A FORESTER. —
CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR PLANTATIONS. —PREPARATION
OF THE GROUND FOR PLANTING. —DRAINAGE.—PLANTING.—DISTANCES AND DISTRI-
BUTION OF TREES IN PLANTATIONS.—TREES AND GROUND GAME.—ATTENTION AFTER
PLANTING.—THINNING OF PLANTATIONS, — PRUNING OF FOREST TREES.—REALIZATION.

—METHODS OF SALE.—MEASUREMENT OF TIMBER.—MEASUREMENT AND VALUATION
OF LARCH PLANTATION.—FIRE LINES.—COST OF PLANTING.

*Mr. Curtis has in the course of a series of short pithy chapters afforded much informa-

tion of a useful and practical character on the planting and subsequent treatment of trees,”—
fivnstrated Carpenter and Builder, g

THE ELEMENTS OF FORESTRY.

Designed to "afford Information concerning the Planting and Care of Forest

Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HougH. Large crown 8vo, cloth - . 10/0

TIMBER IMPORTER’S, TIMBER MERCHANT’S, AND
BUILDER'S STANDARD GUIDE.

By Riciarp E. Granpy. Comprising :—An Analysis of Deal Standards,
Home and Foreign, with Comparative Values and Tabular Arrangements for
fixing Net Landed Cost on Baltic and North American Deals, including all
intermediate Expenses, Freight, Insurance, &c. ; together with copious Informa-
tion for the Retailer and Builder. Third Edition, Revised. 12mo, cloth 2/0Q

" Everything it pretends to be: built up gradually, it leads one from a forest to a treenail, and

throws in, as a makeweight, a host of material concemning bricks, columns, cistern "_ .
Mechanic. 2 B 8 , Cisterns, &c."'—Engiish
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DECORATIVE ARTS, ETC.

———

SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLES.

As Taught and Practised by A. R. VAN pEr BurG and P. Van pEr Bure,
Directors of the Rotterdam Painting Institution. Royal folio, 18% by 123 in.,
lllustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprising
154 Figures. Fourth Edition cloth . [fust Published. Net £1 Bs,

LisT oF PLATES.

1. VARIOUS TOOLS REQUIRED FOR WOOD.PAINTING.—3, 3. WALNUT; PRELIMINARY
STAGES OF GRAINING AND FINISHED SPECIMEN, — 4 TO00LS USED FOR MARBLE
PAINTING AND METHOD OF MANIPULATION.—s, 6 S5ST. REMI MARBLE; EARLIER
OPERATIONS AND FINISHED SPECIMEN. — 9. METHODS OF SKETCHING DIFFERENT
GRAINS, KNOTS, &c.—8, 9 ASH: PRELIMINARY STAGES AND FINISHED SPECI-
MEN, — 0. METHODS OF SKETCHING MARBLE GRAINS, — 11, 12. BRECHE MARBLE:
PRELIMINARY STAGES OF WOREKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—I4, 15. BIRD'S-EYE MAPLE; PRELIMINARY
STAGES AND FINISHED 3SPECIMEN.—16, METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MAREBELE.—17, 1. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—I1g. MAHOGANY : SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION, —20, 21. MAHOGANY ; EARLIERE S5STAGES AND
FINISHED SPECIMEN.—z22, 23, 24. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—25, 26, 27. JUNIFER WoOD; METHODS OF FPRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHEP SPECIMEN,—28, 29, 30. VERT
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, ’i?wrtmsﬁﬂ.n
AND FINISHED SPECIMENS.—31, 32, OAK ; VARIETIES OF GRAIN, TooLS EMPLOYED
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SFECIMEN.—

. 35 36. WAULSORT MARELE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED
PECIMENS,

“Those who desire to attain skill in the art of painting woods and marbles will find advantage
In consulting this book. . . . Some of the Working Men's Clubs should give their young men
the opportunity to study it."—Fwilder,

“ A comprehensive guide to the art. The explanations of the processes, the manipulation
and management of the colours, and the beautifully executed plates will not be the least valuable to
the student who aims at making his work a faithful transcript of nature. "—Budlding News.

“ Students and novices are fortunate who are able to become the possessors of so noble a
work."— ke Archifec.

ELEMENTARY DECORATION.
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. By James W. Facev. With numerous Illus-
trations. In One Vol., strongly half-bound . , " ‘ . . B/0

HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING. :
A Practical Manual of. By Erris A. Davipsox. Eighth Edition. With
Coloured Plates and Wood Engravings. Crown 8vo, cloth . . . B/0
“i A mass of information of use to the amateur and of value to the practical man,"—FEngriish
Mechanic,

THE DECORATOR’S ASSISTANT.

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers,
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions ;
with a variety of Information for General Work connected with every Class of
Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1/0

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of
larger treatises on colour and technical processes, It would be difficult to meet with a work so full
of varied information on the painter's art,"—Sudlding News,

MARBLE DECORATION

And the Terminology of British and Foreign Marbles. A Handbook for
Students. By Georce H. Bracrove, Author of ** Shoring and its Applica-
tion,” &c. With 28 Illustrations. Crown 8vo,cloth . . . . 3/8
# This most useful and much wanted handbook should be in the hands of every architect and

builder."—Busiding HWorid.
“A carefully aud usefully written treatise ; the work is essentlally practical,"—Scotsman.,
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DELAMOTTE'S WORKS ON ILLUMINATION AND
ALPHABETS.

ORNAMENTAL ALPHABETS, ANCIENT & MEDIAVAL.

From the Eighth Century, with Numerals; including Gothic, Church-Text,
large and small, German, Italian, Arabesque, Imtials for Illumination,
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c. Collected and Engraved by F. DeELAMOTTE, and
printed in Colours. New and Cheaper Edition. Royal Bvo, oblong,
ornamental boards . . : e L - i e T
“ 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 thesnaum,

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&c. Collected and Engraved by F. DELAMOTTE, and printed in Colours.
New and Cheaper Edition. Royal Bvo, oblong, ornamental boards . 2/8

" There is comprised in it every possible shape into which the letters of the alphabet and
numerals can be formed, and the talent which has been expended in the conception of the various
plain and omamental letters is wonderful."—Siandard,

MEDIZEVAL ALPHABETS AND INITIALS.

By F. G. DErLAamorTE. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooks. Fifth
Edition. Small 4to, ornamental boards . F 2 . Netd 510

"A volume in which the letters of the alphabet come forth glorified in gilding and all the
colours of the prism interwoven and intertwined and intermingled. "— S,

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical
Directions for its Exercise, and Examples taken from Illuminated MSS,,
rinted in_Gold and Colours. By F. DeramorTE. New and Cheaper
dition. Small 4to, ornamental boards . ! 8 a > = . B8/0

** The examples of ancient MSS, reaommended to the student, which, with much good sense,

the author chooses from collections accessible to all, are selected with judgment and knowledge as
well as taste."—.Ad e um, -

THdE EMBROIDERER’S BOOK OF DESIGN.

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders
Ecclesiastical Devices, Mediavai and Modern Al;;habem, and National
Emblems. Collected by F. DELAMOTTE, and printed in Colours. Oblon
royal 8vo, ornamental wrapper . - g : . Net 2|
" The book will be of great assistance to ladies and voung children who are endowed wit
the art of plying the needle in this most ornamental a.nduseﬂﬁ prﬂf‘ty wurk."—.EMIAu;!m:eTim::

WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Lapv. With 1o Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . . 5 - - . 210

“The handicraft of the d- : ell book L
faye pubﬁcaﬁun."—df#m:ﬁ:u. carver, 50 well as a book can impart it, may be learnt from ' A

PAINTING POPULARLY EXPLAINED.

By THomAs Joun GurLick, Painter, and Jouw Times, F.S.A. Includi
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tem ra, Enngaﬁ:::g.

Miniature, Painting on Ivory, Vellum, Pottery, Enamei .
Edition. lme-n fvo, cloth g g ‘:HT' .t' lass, &c. Fifth

* L] . w L] - 5!‘0
*+* Adopted as a Prizse Book at South Kensington,
" Much may be learned, tho: i
caih pan o[?th.is ed, even by those who fancy they do not require to be taught, from the

unpretending but comprehensive treatise,"—.d»¢ Fournal,
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NATURAL SCIENCE, ETC.

THE VISIBLE UNIVERSE.

Chapters on the 'Drlqln and Construction of the Heavens. By J. E. Gore,
F.R.A.S., Author of * Star Groups," &c. Illustramd hjr 6 Etella.r Phﬁtographs
and 12 Plates. Demy 8vo, cloth . : : 16/0

STAR GROUPS.

A Student's Guide to the Constellations. By J. ELLarp Gorg, F.R.A.S,,
M.R.I.A., &c., Author of "“The Visible Universe,” " The Scenery of the
Heavens,"” &c. With 30 Maps. Small 4to, cloth . - . . B/0

AN ASTRONOMICAL GLOSSARY.

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and Interesting Celestial Objects. By J. ErLLarp Gore,
F.R.A.5., Author of " The Visible Universe,"” &c. Small crown 8vo, cloth.

2/6
THE MICROSCOPE.

Its Construction and Management. Inclading Technique, Photo-micrography,
and the Past and Future of the Microscope. By Dr. Henrt van HEURCK.
Re-Edited and Augmented from the Fourth French Edition, and Translated
by Wynne E. Baxrter, F.G.S. Imp.8vo,cleth . . . . 18/0

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. P. Wooowarp, A.L.S5,,
F.G.5. With an Appendix on ReceNT anp Fossin CONCHOLOGICAL
DiscoveEriEs, by Rarrn TarTe, A.L.S., F.G.S. With 23 Plates and
u :tha.rds of 300 m-di:uts. chrmt of Fourth I'..-dumn {:EBG} Crown ﬂ‘;‘ﬂ,
c 0 * ] ® &

THE TWIN RECORDS OF CREATION

Or, Geology and Genesis, their Perfect Harmony and Wnnderﬁ:l Concord.
By G. W. V. LE Vaux. 8vo, cloth . i z % . . BIO

LARDNER’S HANDBOOKS OF SC]ENCE.

HANDBOOK OF MECHANICS.
Enlarged and re-written by B. Lorwy, F.R.A.5, Post 8vo, cloth . 8/0

HANDBOOKOFHYDROSTATICS AND PNEUMATICS.
Revised and Enlarged by B. Logwy, F.R.A.8. Post Bvo, cloth . B/0

HANDBOOK OF HEAT. :
Edited and re-written by B. Loewy, F.R.A.5. Post 8vo, cloth . B/O

HANDBOOK OF OPTICS.
New Edition. Edited by T. OLver Harping, B.A. Small 8vo, cloth 5/Q

ELECTRICITY, MAGNETISM, AND ACOUSTICS.

Edited by Geo. C. FosTer, B.A. Small 8vo, cloth . . . 6/0
HANDBOOK OF ASTRONOMY.
Revised and Edited by Epwin Dunkin, F.R.A.S. 8vo,cloth . . 9/6

MUSEUM OF SCIENCE AND ART.

With upwards of 1,200 I‘Lngr:urmg*_-. In Six Dﬂublt V::lumf:'-i, £1 1s. Cloth,
or half-morocco . ; . . 1 11s. En.

NATURAL PHILOSOPHY FQR SCHOOLS . . 3/6
ANIMAL PHYSIOLOGY FOR SCHOOLS . . 3/6

THE ELECTRIC TELEGRAPH.
Revised by E. B. BricaT, F.R.A.S. Fecap. 8vc, cloth - 4 . 2/8
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THE OIL FIELDS OF RUSSIA AND THE RUSSIAN
PETROLEUM INDUSTRY.

A Practical Handbook on the Exploration, Exploitation, and Management
of Russian Oil Properties, including Notes on the Origin of Petroleum in
Russia, a Description of the Theory and Practice of Liquid Fuel, and a
Translation of the Rules and Regulations concerning Russian OQil Properties.
By A. Beesy THompson, A.M.LLM.E., late Chief Engineer and Manager of the
Furopean Petroleum Company's Russian Oil Properties. About soo pp., with
numerous Illustrations and Photographic Plates, and a Map of the Balakhany-
Saboontchy-Romany Qil Field. Super-royal 8vo, cloth.

Uust Published. Net £3 Bs.

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES.

By A. C. WrignT, M.A.Oxon., B.5c.Lond , formerly Assistant Lecturer in
{:Eemiqtrz at the Yorkshire College, Leeds, and Le=cturer in Chemistry at the
Hull Technical School. Demy 8vo, cloth. . 3 : : - Net 9/0

THE GAS ENGINEER'S POCKET-BOOK.

Comprising Tables, Notes and Memoranda relating to the Manufacture,
Distribution and Use of Coal Gas and the Construction of Gas Works. By

H. O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo,

fully Illustrated, leather . . g ' : F : ' ‘ . 10/'8

“ The book contains a vast amount of information. The author goes consecutively through

the engineering details and practical methods involved in each of the different processes or parts

of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact
absolutely interesting to read."—Gar Forid,

“The volume contains a great quantity of specialised information, compiled, we believe, from
trustworthy sources, which should make it of considerable value to those for whom it is specifically
produced.” —Erngineer.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Gisss, M.E.
With 66 Illustrations. Crown B8vo, cioth. o ey : Lh b . 76

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods of Analysis
and Valuation of the Principal Materials used in Engineering Work, with
numerous Analyses, Examples and Suggestions. By E‘[ JosHua PHILLIFS
F.I.C.. F.C.5. Third Edition, Revised and Enlarged. Crown 8vo, 420 pp.,
with Plates and other Illustrations, cloth. ; Net 10/8

“In this work the author has rendered no small service to a numerous body of practical

men. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the
despatch required of engineering chemists permits."—Chesndoa! News.

"“The analytical methods given are, as a whole, such as are likely to give rapid and trust-

worthy results in experienced hands. . . . There is much excellent descriptive matter in the worlk,
the chapter on * Qils and Lubrication ' being specially noticeable in this respect."—Engineer,
NITRO-EXPLOSIVES.

A Practical Treatise concerning the Properties, Manufacture, and Analysis
of Nitrated Substances, including the Fulminates, Smokeless Powders, and
Celluloid. By P. GEraLD Sanrorp, F.1.C., Consulting Chemist to the Cotton
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0
“0ne of the very few text-books in which can be found just what is wanted. Mr. Sanford

goes steadily through the whole list of explosives commonly used, he names any giv i
and tells us of what it is composed and how it is manufactu The book is exc E..ﬂ?"[:?:l;::

A HANDBOOK ON MODERN EXPLOSIVES.

A Practical Treatise on the Manutacture and Use of Dynamite, Gun-Cotton,
Nitro-Glycerine and other Explosive Qumgounds, including Cnliﬂdiﬁn«ﬂnttnn.
With Chapters on Explosives in Practical Application. By M. EissLer, M.E.
Second Edition, Enlarged. Crown 8vo, cloth . . II‘1, 28

“ A veritable mine of in‘ormati h i ili i
and blasting purposes. A rmey and Moy Casstre 2 ves emiplayed for milliary, mining
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A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By Joun Lomas, Alkali Manufacturer. With 232 Illustrations
and Working Drawings, Second Edition, with Additions. Super-royal 8vo,
cloth E . . ; ; a . . / : 2 . 81 10s.

“We find not merely a sound and luminous explanation of the chemical principles of the
trade, but a notice of numerous matters which have a most important bearing on the successful
conduct of alkali works, but which are generally overlooked by even experienced technological
authors,"—Chertical Revicw,

DANGEROUS GOODS.
Their Sources and Properties, Modes of Storage and Transport. With Notes
and Comments on Accidents arising therefrom. A Guide for the Use of
Government and Railway Officials, gtcﬂmship Owners, &c. By H. Josuua
Pricries, F.I.C.,, F.C.S. Crown Bvo, 374 pp., cloth . : . . 90
" Merits a wide clreulation, and an intelligent, appreciative study."—Chestical News,

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc.

Containing all known Methods of Anhydrous Analysis, many Working
Examples, and Instructions for Making AFparams. By Lieut.-Colonel W. A,
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . §/0

" The student who goes consclentiously through the course of experimentation here laid down
will gain a better insight into inorganic chemistry and mineralogy than if he had ‘got up' any of the
best text-books of the day, and passed any num of examinations in their contents "—Chemdeal

News,

THE MANUAL OF COLOURS AND DYE-WARES.
Their Properties, Applications, Valuations, ImEurities and Sophistications.
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 78
" There is no other work which covers precisely the same ground. To students preparing

for examinations in dyeing and printing it will prove exceedingly useful.” —Chemidcal Nemws,

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Brewing.
By HEreerT EnpwarDs WriGHT, M.A. Second Edition, Enlarged. Crown

8vo, 530 pp., cloth . ; : : . . - ; : . 12/8

** May be consulted with advantage by the student who s preparing himself for examinational

tests, while the scientific brewer will find in it a »eSnmee of all the most important discoveries of
modem times. The work is written throughout in a clear and concise manner, and the author
takes great care to discriminate between vague th and well-established facts "—Brewers’

¥ :

“"We have great pleasure in recommending this handy book, and have no hesitation In saying
that it is one of the best—if not the best—which has yet been written on the subject of beer-brewing
Mlﬁ country ; it should have a place on the shelves of every brewer's library."—Brewers

FUELS: SOLID, LIQUID, AND GASEOUS.
Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. J. Puiriies, F.C.S., formerly Analytical and Consulting Chemist to_the
G.E. Rlwy. Fourth Edition. Crown 8vo, cloth . . - . 210
“ Qught to hmumanu in the laboratory of every metallurgical establishment and wherever
fuel Is used on a large “=Chemical News,

THE ARTISTS’ MANUAL OF PIGMENTS.

Showing their Composition, Conditions of Permanency, Non-Permanency, and
Adulterations, &c., with Tests of Purity. By H. C. Stanpace, Third

Edition. Crown 8vo, cloth . ; g A . . 2/8
* This work is indeed sese/frer-dn-parve, and we can, with good conscience, recommend it to
all who come in contact with pigments, whether as makers, dealers, or users.”"—Chemical Review.

A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers,
Spirit Merchants, &c. By J. B. ManT, Inland Revenue. Second Edition,

Revised. 18muo, leather . . . . . g . . . . 4/0
“Should be in the hands of every practical brewer."—Bvewers’ Fournal,
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TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the

Cultivation of the Tea Plant and the Preparation of Tea for the Market. By

A. J. WarLis-Tavieg, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218

Illustrations . . K . . - . . . . . Vet 25/0

SUMMARY OF CONTENTS.

MECHANICAL CULTIVATION OR TILLAGE OF THE S0I1L.—PLUCKING OR GATHERING

THE LEAF.—TEA FACTORIES.—THE DRESSING, MANUFACTURE, OR PREPARATION

OF TEA BY MECHANICAL MEANS. — ARTIFICIAL WITHERING OF THE LEAF.—

MACHINES FOR ROLLING OR CURLING THE LEAF.—FERMENTING PROCESS. —

MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE LEAF.—MACHINES FOR

NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING OR FIRING MACHINES.

—=BREAKING OR CUTTING, AND SORTING MACHINES —PACKING THE TEA.—MEANS

OF TRANSPORT ON TEA PLANTATIONS, —MISCELLANEOUS MACHINERY AND AFPPARATUS,
—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

“# The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume."—Chamiber of Comerricroe Fonrnal,

" When tea planting was first introduced into the British possessions little, if any, machinery
was employed, but now its use is almost universal, This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery."—¥ewrnal Society of Aris,

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practice. By FrigpricH Kick, Imperial
ReFierungsrath. Professor of Mechanical Technology in the Imperial German
Polytechnic Institute, Prague. Translated from the Second Enlarged and
Revised Edition with Supplement. By H. H. P. PowrLgs, Assoc. Memb.
Institution of Civil Engineers. Nearly 4oo pp. Illustrated with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth . . . = . £1 Ba.

" This invaluable work is, and will remain, the standard authority on the science of milling. . . .
The miller who has read and digested this work will have laid the foundation, so to speak, of a
successful career ; he will have acquired a number of general principles which he can proceed to
apply. In this handsome volume we at last have the accepted text-book of modem milling in good,
gound English, which hag little, if any, trace of the German idiom."— e Miller,

* The appearance of this celebrated work in English is very opportune, and Britishjmillers
will, we are sure, not be slow in availing themselves of its pages.”—Millers' Gazeffe,

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of
Dyeing, &c. For the Use n? Operatives, Overlookers, and Manufacturers.
By Joun LisTeER, Technical Instructor, Pendleton. 8vo, cloth . . Ti8
" This invaluable volume is a distinct advance in the literature of cotton manufacture, "—
Machisnery,
"It is thoroughly reliable, fulfilling nearly all the requirements desired."—Glasgorw Hevald,

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J. WaLLIs-
Tavier, A. M. Inst. C. E., Author of “ Refrigerating Machinery, "J&c. With
upwards of zoo Illustrations. Crown 8vo, cloth . . . . . 10/8

"The large trade that is done in the component parts of hicycles has placed in th
men mechanically inclined extraordinary facilities for building h‘n:ycleﬁcr thair OWIL USE, ﬁ‘:a ﬂ.:

book will prove a valuable guide for all those who aspire to the manufact ir of oWn
machines."— Fhe Freld. iz i R T

'* A most comprehensive and up-to-date treatise.” — The Cycle.

** A very useful book, which is quite entitled to rank as a standard cycle
l::mstrur:t[un.w— I heeling., i bt o L

MOTS}ED%ARS OR POWER CARRIAGES FOR COMMON

By A. J. WaLris-Tavier, Assoc. Memb. Inst. C.E., Author of * Modern
Cycles,” &c. 212 pp., with 76 Illustrations, Crown 8vo, cloth . . 4/6

* The book is clearly expressed thronghout, and is just the sort of work that an engin
thinking of turning his attention to motor-carriage work, would do well : iminary to
starting operations."—Engincering, w - e A selinay
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PRACTICAL TANNING.

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment
of Hides, Skins, and Pelts of every Description. By L. A. FLEMMING,
American Tanner. 472 pages. 8wvo, cloth. [ /ust Published. Net 285/0

THE ART OF LEATHER MANUFACTURE.

Being a Practical Handbook, in which the Operations of Tanning, Currying,
and Leather Dressing are fully Described, and the Principles of Tanning
Explained, and many Recent Processes Introduced ; as also Methods for the
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut
Dressing, &c. By AvLexanpeEr WartTt. Fourth Edition. Crown 8vo cloth.

9/0

“ A sound, comprehensive treatise on tanning and its accessories, The book is an emlnently
'I'RIlﬂIhh production, which redounds to the credit of both author and publishers.” —Chemrcal
s,

THE ART OF SOAP-MAKING.

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. By AvLexawper Warr., Sixth Edition,
including an Appendix on Modern (x‘.,andlemaking. Crown 8vo, cloth . T/6

“The work will prove very useful, not merely to the technological student, but to the
practical soap boiler who wishes to understand the theory of his art, “—Cheredeal News.

“ A thorouphly practical treatise. We congratulate the authoron the success of his endeavour
to fill a void in EngF- technical literature,"—Nafure,

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With
Tables, Calculations, &c. By G. CrarreErToN, Paper-Maker. With Illus-
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 5/0

# The author caters for the requirements of responsible mill hands, apprentices, &c., whilst
his manual will be found ut_’lg:en: service to students of technology, as well as to veteran paper-
makers and mill owners, he illustrations form an excellent feature."— The World's Paper Trads
Keview,

THE ART OF PAPER-MAKING.

A Practical Handbook of the Manufacture of Paper from Rags, Esparto,
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from
Wood Fibre, with a Description of the Machinery and Appliances used. To
which are added Details of Processes for Recovering Soda from Waste Liquors,
By ALexanper WarT. With lllustrations. Crown Svo, cloth . . 78

“It may be regarded as the standard work on the subject. The book is full of valuable
on. The *Art of Paper-Making ' is in every respect a model of a text-book, either for a
technical class, or for the private student. "—Faper and Printing Drades Fowrnal,

A TREATISE ON PAPER.

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete
Tables of Sizes, and Specimens of Different Kinds of Paper. By RicHarp
Parkinson, late of the Manchester Technical School. Demy 8vo, cloth 3/8

CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, W&uda‘ﬁi'cr}:mg, and Leather-
Working Trades, and for Workshop and Office Use. With upwards of goo
Recipes. By H. C. Stanpace. Third Edition. Crown Bvo, cloth . 2/0

“We have pleasure in speaking favourably of thls volume, 5o far as we have had
experlence, which is not inconsiderable, this manual is trustworthy."—d thenaim,

THE CABINET-MAKER’S GUIDE
TO THE ENTIRE CONSTRUCTION OF CABINET WORK,
Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By
RicHarp BitMEaD. Illustrated with Plans, Sections, and Working Drawings.
Small crown 8vo, cloth : . . 2/6

FRENCH POLISHING AND ENAMELLING.
A Practical Work of Instruction. Including Numerous Recipes for making
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By RicHArRD BITMEAD,
Author of ** The Cabinet- Maker's Guide.” Small crown 8vo, cloth ., 1/8
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WATCH REPAIRING, CLEANING, AND ADJUSTING.

A Practical Handbook dealing with the Materials and Tools Used, and the
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English
and Foreign Watches, Repeaters, Chronographs, and Marine Chronometers.
By F. J. GaArrARD, Springer and Adjuster of Marine Chronometers and Deck
Watches for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth.

[Just Published. Net 4|6
MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex-Director of the School
of Horology at Macon, by Jurien TrierLin, F.R.A.S., Besancon Watch
Manufacturer, and Epwarp Rice, M.A., Assayer in the Royal Mint. With
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second
Edition. Super-royal 8vo, £2 2g, cloth ; half-calf . - . £2 10s.

“ There is no horological work in the English languagre at all to be com d to this produc-
tlon of M. Saunigr’s for clearness and completeness. It is alike good as a guide for the student and

as a reference for the experienced horologist and skilled workman,"—Hoerologica tfti_'r’#nmf.
* The latest, the most complete, and the most reliable of those literary productions to which

continental watchmakers are indebted for the mechanical superiority over their English brethren

=in fact, the Book of Books is M. Saunier’s * Treatise.""—Hadchmaker, Feweller, and Silversmith.

THE WATCH ADJUSTER’S MANUAL.

A Practical Guide for the Watch and Chronometer Adjuster in Making,
Springing, Timing and Adjustini for Isochronism, Positions and Temperatures.
By C. E. FriTTS. 370 pp., with Illustrations, 8vo, cloth . g . 18/0

THE WATCHMAKER’S HANDBOOK,

Intended as a Workshop Companion for those engaged in Watchmaking and
the Allied Mechanical Arts. Translated from the French of CrLAubDIUS
SAUNIER, and enlarged by JuLien TrirprLin, F.R.A.S., and Epwarp Rice,
M.A., Assayer in the Royal Mint. Third Edition. Cr. 8vo,cloth. . 89/0

*Each part is truly a treatise in itself The arrangement is good and the language Is clear
and concise. It is an admirable guide for the young watchmaker,"—FEngineering.

HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. Kenpar, M.B.H. Inst. . 1/6 boards ; or cloth, gilt . 2/

**The best which has yet appeared on this subject in the English lanpuage."— Indusfries,
" Open the book where you may, there is interesting matter in it concerning the ingenious
devices of the ancient or modern horologer."—Sadurday Review,

ELECTRO-PLATING&ELECTRO-REFININGOF METALS.

Being a new edition of ALEXaNDER WATT's * ELecTro-DEPOSITION.” Re-
vised and Largely Rewritten by ArnvoLp Puiuie, B.Sc., A.LLE.E., Principal
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. . Net 12/6

* Altogether the work can be highly recommended to every electro-plater, and is of un-
doubted interest to every electro-metallurgist,” — 5 lectrical ﬁn;;'mr.y ol i

"Eminently a book for the practical worker in electro-deposition. It contains practical
descriptions of methods, processes and materials, as actually pumue-:ffti:d used in the workghup.“—

Engineer,
ELECTRO-METALLURGY.
Practically Treated. By ALexanper Warr. Tenth Edition, including the
most recent Processes. r2mo, cloth Ay - P . . 3/86
"F this book both y i
muﬁ;::gf tll:ctr:plating.?‘u—“fml:m:l SR ey MReriing Mecelity F the ool

JEWELLER’S ASSISTANT IN WORKING IN GOLD.
A Practical Treatise for M d W i i
of Thi:t;rc Years' \ﬁ;rﬂhupasl"far:t?st E?;k(?;: t;t?: %?Ié;endzi:mné:uh:f ;\rﬂl}g

" This manual of technical educatlon is apparently destined valuable auxiliary
handicraft which is certainly capable of Ereat lmﬁrl;armn:t.“— The Tt:?mt::. . B i

ELECTROPLATING.
A Practical Handbook on the Deposition of C i i
Aluminium, Brass, Platinum, &m,ﬁ ];‘ynj'. .p%rkqsl;mTHElﬁd‘FE:rlfﬂ
Edition, Revised. Crown 8vo, cloth % : £ W6 Ay i 6/0
:" An excellent practical manual."—Engineering,
An excellent work, giving the newest information."—Herolagical Fournal,
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ELECTROTYPING.

The Reproduction and Multiplication of Printing Surfaces and Works of Art

by the Electro-Deposition of Metals, By J. W. Urquuart, C.E. Crown Bvo,

cloth . : 7 . - 2 - : - 3 . ; : . B0

“The book is thm'uuthI{ practical ; the reader is, therefore, conducted through the leading

laws of electricity, then through the metals used b;f electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work."—Adrt Fonrnal,

GOLDSMITH’S HANDBOOK.

By Georck E. Ger, Jeweller, &c. Fifth Edition. 12mo,cloth . . 8/0
"A good, sound educator."—Horolopical Fournal,

SILVERSMITH’'S HANDBOOK.

By GeorGe E. Ger, Jeweller, &c. Third Edition, with numerous Illustra-
tions. 12mo, cloth i - . . 30

a ] L] Ll L] * ¥
"“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 t."—Englith Mechanic,

*.¥ The above two works together, strongly half-bound, price 7s.
SHEET METAL WORKER'S INSTRUCTOR.

Comprising a Selection of Geometrical Problems and Practical Rules for
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and
Tin-Plate Workers. By Reupen HeEnry Wagrn, Practical Tin-Plate Worker.
New Edition, Revised and “greatly Enlarged by Joskrn G. HoRNER,
A.M.I.M.E. Crown Bvo, 254 pp., with 430 Illustrations, cloth ., . T/8

SAVYOURIES AND SWEETS

Suitable for Luncheons and Dinners. By Miss M. L. ALLEn (Mrs. A.
Macairg), Author of ** Breakfast Dishes,” &c. Twenty-ninth Edition. F'cap
8vo, sewed . : ; : . : g v : . - 3 . 1/0

BREAKFAST DISHES

For Every Morning of Tkree Months. By Miss ArLex (Mrs A. Macairg),
Autbor of “ Savouries and Sweets,” &c. Twenty-second Edition. F'cap 8vo,

sewed . < - : : ’ : . ; : -
BREAD & BISCUIT BAKER’'S & SUGAR-BOILER’'S
ASSISTANT.
Including a large variety of Modern Recipes. With Remarks on the Art of
Bread-making. %y RoserT WELLS. Third Edition. Crown 8vo . . 1/0

" A large number of wrinkles for the ordinary cook, as well as the baker." —Sadurday Review,

PASTRYCOOK & CONFECTIONER’S GUIDE.

For Hotels, Restaurants, and the Trade in general, adapted also for Family
Use. By R. WeLLs, Author of “ The Bread and Biscuit Baker " . . 1/0

" We cannot speak too highly of this really excellent work, Inthese days of keen competition
our readers cannot do better than purchase this book."—FBakers' Timees.

ORNAMENTAL CONFECTIONERY.

A Guide for Bakers, Confectioners and Pastrycocks ; including a variety of
Modern Recipes, and Remarks on Decorative and Coloured Work. With 12

Original Designs. By RoperT WELLS. Crown 8vo, cloth . . -
* A valuable work, practical, and should be in the hands of every baker and confectioner,
The Wustrative designs are worth treble the amount charged for the work."—Hakers' Tisnes,

MODERN FLOUR CONFECTIONER.

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With
remarks on the Ingredients Used in their Manufacture. By R. WeLLs. 1,0

" The work is of a decidedly practical character, and in every recipe regard is had to economical
wo =Nerth Brifish Daily Maql,

RUBBER HAND STAMPS

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph,
Special Inks, Cements, and Allied Subjects. By T. O'Conor SLoANE, A.gl..
Ph.D. With numerous Illustrations. Square 8vo, cloth. ; a y /
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N. HASLUCK.

Editor of ** Work " (New Series), Author of ** Lathe Work," ** Milling Machines," &c.
Crown Bvo, 144 pp-, price 1s. each.

=" These Hanpvrooks have beem written to supply information for WoRKMEN
STUDENTS, and AMATEURS in the several Handicrafts, on the actual PRACTICE o,
the Worksuor, and are intended to convey in plain language TECHNICAL Know-
LEDGE of the several Cravrs. In describing the processes employed, and the manipu.
lation of material, workshop terms ave used ; workshop practice is fully explained ;
and the text is freely illustrated with drawings of modern tools, appliances, and
processes. -

METAL TURNER’'S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With 100 Illustrations.

* The book will be of service alike to the amateur and the artisan tumner, It displays
thorough knowledge of the subject.”—Scots s,

WO0OD TURNER'S HANDYBOOK.

A Practical Manual for Workers at the Lathe, With over 100 m“sm;?na
{

* We recommend the book to young turners and amateurs. A multitude of workmen have
hitherto sought in vain for a manual of this special industry."—Mechanical Forid,

WATCH JOBBER'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
roo Illustrations . X 5 i ; ! - i i . ; . 1/0
“We strongly advise all young persons connected with the watch trade to acquire and study
this Inexpensive work."—Clerdentoel] Chronicle.

PATTERN MAKER'S HANDYBOOK.

A Practical Manual on the Construction of Patterns for Founders. With
upwards of 100 Illustrations - - - - - - - - 1/0
" A most valuable, if not indispensable manual for the pattern maker."—Knemw/edpe.

MECHANIC'S WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipulation, embracing Information
on various Handicraft Processes. With Useful Notes and Miscellanecus

Memoranda. Comprising about 200 Subjects . . . . N JE
A very clever and useful book, which should found in every workshop; and it shouo
certainly find a place in all technical schools."—Saturday Review,

MODEL ENGINEER'S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With

':ﬂ:lwards of 100 Illustrations. ) A ; : : - " - . 10
“*Mr. Hasluck has produced a very good little book. " —Builder,

CLOCK JOBBER'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
1oo Illustrations . : : 3 ; : . . . s ; . 1/0
"It is of inestimable service to those commencing the trade."—Coventry Standard,

CABINET WORKER'S HANDYBOOK.

A Practical Manual on the Tools, Materials, Appliances, and Processes
employed in Cabinet Work, With u;:nwards of 100 Illustrations . . 1/0

*Mr. Hasluck's thorough-going little Handybook is amon thé-most Dractical
have seen for beginners in :::tb?netmurk.”—&ahrdnp Rewiew, e E uldes we

WOODWORKER'S HANDYBOOK.

Embracing Information on the Tools, Materials, Appliances and Processe
Employed in Woodworking. Wit :o;lllustral:im!as. = )

T
Written by a man who knows, not only how work ought to be don '
how to convey his knowledge to uth!l!i,"—fjltf*l'nffﬂ:n 4 = i o Mawln fo M aml
¥ Mr. Hasluck writes admirably, and gives CﬂmeEtt instructions.”" —Enginerr,
Mr, Hasluck combines the experience of a practical teacher with the manipulative skill and
sclentific knowledge of processes of the trained mechanician, and the manuals are marvels of what
can be produced at a popular price.”" —Schoolsnaster,

" Helpful to workmen of all ages and de of experlence."— Daily Chron
" Conclse, clear, and practical.”—Saty ¥ Rn:'m?! ge i
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COMMERCE, COUNTING-HOUSE WORK,
TABLES, ETC.

LESSONS IN COMMERCE.

By Professor R. GamMBaRro, of the Royal High Commercial School at Genoa.
Edited and Revised by James GAuLT, Professor of Commerce and Commercial
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/8
“ The publishers of this work have rendered considerable service to the cause of commercial
education bg the nEpurtu.ﬂa production of this volume, . . . The work is peculiarly acceptable to
E readers and an admirable addition to existing class books. Ina phrase, we think the work
its object in furnishing a brief account of those laws and customs of British trade with which
the commercial man interested therein should be familiar."—Chamber of Commerce Fournal.
* An invaluable guide in the hands of those who are preparing for a commenrcial career, and,
In fact, the information it contains on matters of business should be impressed on every one."—
Counting Howse,

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspendence in Five Languages—English,
French, German, Italian, and Spanish. By Conrap E. Baker. hird
Edition, Carefully Revised Throughout. Crown 8wo, cloth . : . 4/6

“Whoever wishes to correspond In all the languages mentloned by Mr. Baker cannot do
better than study this work, the materials of which are excellent and conveniently arranged. They
consist not of entire specimen letters, but—what are far more useful—short passages, sentences, or
phrases expressing the same general idea in varous forms."'—A thenaurm,

“* A careful examination has convinced us that it is unusually complete, well arranged and
rellable. The book is a thoroughly good one, "—Scheolrmaster,

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.

A Handbook for Accountants and Manufacturers, with Appendices on the
Nomenclature of Machine Details; the Income Tax Acts; the Rating of
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c.,
including also a Glossary of Terms and a large number of Specimen Rulings,
By EmiLE Garcke and J. M. FerLrs. Fifth Edition, Revised and Enlarged.
Demy 8vo, cloth . ; . . ‘ é - . : ; 5 786

“ A very interesting description of the requirements of Factory Accounts. . . . The principle
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly
agree with."—Acoonndants’ Fowrnal, ,

** Characterised by extreme thoroughness, There are few owners of factorles who would not
derlve great benefit from the perusal of this most admirable work."—Local Government Chyvonicle,

MODERN METROLOGY.

A Manual of the Metrical Units and Systems of the present Century. With

an Appendix containing a pminsed nglish System. By Lowis D. A,

Jackson, A. M. Inst. C. E., Author of ** Aid to Survey Practice,” &c. Large

crown Bvo, cloth . calbal IGbE & B0 AW G YT

“We recommend the work to all interested In the practical reform of our welghts and
measures. —Nafure,

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. B8vo, cloth . i RS : v W e w TOIS

“Mr. Dowling's Tables are well put together as a ready reckoner for the converslon of one
system into the other."—A thenam,

IRON AND METAL TRADES’ COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 15. per cwt. to 1125, per cwt., and from one farthing per pound to
one shiI]ing per pound. By THomas Downie. Strongly bound in leather,

396 pp. . . . . . £ ‘ : . 9'0

" A most useful set of tables, nothing like them before existed."—Budldine News, _

“ Although specially adapted to the iron and metal trades, the tables will be found useful ‘n
every other business in which merchandise s bought and sold by welght." —Rarlmway News,
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing upwards of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from yixth of a Penny to 20s. each, or per
cwt., and 420 per ton, of any number of articles consecutively, from 1 to 470.
Any number of cwts., grs., and lbs., from 1 cwt. to ﬁ?ﬁ cwts. Any number of
tons, CWts., qrs., and (ibs., from 1 to 1,000 tons. By WiLL1AM CHADWICK,
Public Accountant. Third Edition, Revised and Improved. B8vo, strongly
bound . . - ' ' . E . : = . 18/0

“1t Is as easy of reference for any answer or any number of answers as a dictionary. For
making up accounts or estimates the book must prove ﬁnaluabl:: to all who hﬂa-n:. any considerable
quantity of calculations involving price and measure in any combination to do."—Eagineer,

*“The most perfect work of the kind yet prepared."—Glasgow Herald,

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 1 lb. to 15 tons, at 300
Progressive Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct
Answers, which, with their Combinations, consisting of a single addition
(mostly to be performed at si%ht], will afford an aggregate of 10,266,000
Answers ; the whole being calculated and designed to ensure correctness and

omote despatch. By Henrv HarBEN, Accountant. Sixth Edition, carefully

orrected. Royal 8vo, strongly half-bound, ust Puilished. £1 Bs.

** A practical and useful work of reference for men of business E'EM“H-H_IM

“Of priceless value to business men. It is a necessary book in mercantile es."'—
Shedield Mndependent,

THE DISCOUNT GUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others, by which may be ascertained the Exact Profit arising
from any mode of using Discounts, either in the Purchase or Sale of Goods, and
the method of either Altering a Rate of Discount, or Advancing a Price, so as
to produce, by one operation, a sum that will realise any required Profit after
allowing one or more Discounts: to which are added Tables of Profit or
Advance from 1} to go per cent., Tables of Discount from 1} to g8§ cent.,
and Tables of Commission, &c., from & to 10 per cent. By Hewnrv Harsen,
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 Bes.

* A book such as this can only be appreciated by business men, to whom the saving of time

means saving of money, The work must prove of great value to merchants, manufacturers, and
general traders."—8ritich Trade Feurnal,

TABLES OF WAGES.

At 54, 52, 50 and 48 Hours per Week. Showing the Amounts of Wages from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 45. to 555. per week. By THos. GARBUTT,
Accountant. Square crown 8vo, half-bound . . X B - . B/0

IRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by % in. to 10 feet by 5 feet by 1 in. Worked out on the Basis of
40 lbs. to the square foot of Iron of 1 inch in thickness. By H. Burrinson
and W. H. Simrson. 4to, half-bound . : . : . £1 Bs.
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AGRICULTURE, FARMING,
GARDENING, ETC.

THE COMPLETE GRAZIER AND FARMER'S AND
CATTLE BREEDER’'S ASSISTANT.

A Compendium of Husbandry.

Originally Written by WirLLiam YouvaTT.

Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought

up to Present R
missioner, Royal

uirements, by WirLiam FreEam, LL.D., Assistant Com-
ommission on Agriculture, Author of * The Elements of

Agriculture,” &c. Royal 8vo, 1,100 pp., 450 Illustrations, handsomely bound.

BooK 1. ON THE VARIETIES, BREEDING,
BEEARING, FATTENING AND MANAGE-
MENT OF CATTLE,

BookK II. ON THE ECONOMY AND MAN-
AGEMENT OF THE DAIRY,

Book III. ON THE BREEDING, REARING,
AND MANAGEMENT OF HORSES,

BookK IV. ON THE BREEDING, REARING,
AND FATTENING OF SHEEP,

BoOoK V. ON THE BREEDING, REARING,
AND FATTENING OF SWINE.

£1 11s. Bo.

Book VII. ON THE BREEDING, REARING,
AND MANAGEMENT OF POULTRY.

Book VIIIL ON FARM (OFFICES AND
IMPLEMENTS OF HUSEBANDRY,

BoOK IX. ON THE CULTURE AND MAN-
AGEMENT OF GRASS LANDS,

Book X. ON THE CULTIVATION AND
APPLICATION OF GRASSES, PULSE AND
ROOTS.

Book XI. ON MANURHEHS AND THEIR
APPLICATION TO GRASS LAND AND

BOoOK V1. ON THE DISEASES OF LIVE CROPS.
STOCK. Boox XII. MONTHLY CALENDARS OF
FARMWOREK,

* Dr. Fream is to be congratulated on the successful attempt he has made to give us a work
which will at once become the standard classic of the farm practice of the country. We believe
that it will be found that it has no compeer among the many works at present in existence, . . .
The illustrations are admirable, while the frontispiece, which represents the well-known ball,
New Year's Gift, bred by the Queen, is a work of art."— Fhe Timer,

" The book must be recognised as occupying the proud position of the most exhaustlve work
of reference in the English language on the subject with which it deals."—.d thenaim,

" The most comprehensive gulde to modem farm practice that exists in the English language
to-day. . . . The book is one that ought to be on every farm and in the library of every land
owner. “"—Waré Lane Express.

*In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent Iand-
un:ﬁun position among books dealing with scientific agricultural practice. It is, in fact, an agricul.
tural library of itself. " —North British Apricuitirist,

FARM LIVE STOCK OF GREAT BRITAIN.

By RoserT WaLLacge, F.L.S., F.R.5.E., &c., Professor of Agriculture and

Rural Economy in the University of Edinburgh. Third Edition, thoroughly

Revised and considerably Enlarged. With over 120 Phototypes of Prize

Stock. Demy Bvo, 384 pp., with 79 Plates and Maps, cloth. R

“* A really complete work on the history, breeds, and ment of the farm stock of Great

B?ﬂﬁnd one which is likely to find its way to the shelves of every country gentleman's library.”
- LS.

“The ' Farm Live Stock of Great Britain ' Is a production to be proud of, and its lssue not the
least of the services which its author has rendered to agricultural science.”— Scortish Farmer,

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By Primrose McCownELL, B.Sc., Fellow of the Highland and Agricultural
Society, Author of ** Eiements of Farming." Sixth Edition, Re-written, Revised,
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges . + B/IO

CONTENTS.—SURVEYING AND LEVELLING.—WEILHTS AND MEASURES, —MACHINERY
AND BUILDINGS, — LABOUR. — OPERATIONS, — DRAINING, — EMBANKING, — GEOLOGICAL
MEMORANDA. — S0ILS, — MANURES, — CROPPING. — CROPS,—ROTATIONS. — WEEDS, —
FEEDING, —DAIRYING, —LIVE STOCK. —HORSES, — CATTLE. — SHEEP.—PIGS.—POULTRY,—
FORESTRY.—HORTICULTURE.—MISCELLANEOUS,

" No farmer, and certainly no agricultural student, ought to be without this ses/fume-dn-parve
manual of all subjects connected with the farm."—Nerth Brifish A pricuiburisi,

“This little pocket-book contains a large amount of useful information upon all kinds of
agricultural subjects. Something of the kind has long been wanted."—Maré Lane Express, ;

* The amount of information It contains 15 most surprising ; the arrangement of the matter s
so methodlcal—although so comp to be intelligible to everyone who takes a glance through
Its pages. They teem with information.”—Farm and Homee,

THE ELEMENTS OF AGRICULTURAL GEOLOGY.

A Scientific Aid to Practical Farming. By Primrose McConnELL. Author of
i Note-Book of Agricultural Facts and Figures,” &c. Royal 8vo, 'J:\]’mh.ﬂ1 &
&t J

" On every page the work bears the impress of a masterly knowledge of the subject dealt
with, and we have nothing but unstinted praise to offer.”—Fie/d,
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical
Instruction Classes, Students in Agricultural Colleges and the Working Dairy-
Farmer. By Prof. J. P. SueELpos. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth . > 2 . 5 . . . 28
** Confidently recommended as a useful text-book on dalry farming.”—Agwicuitural Gazerte.
“ Probably the best half-crown manual on dairy work that has yet been produced."—/Nerth

British Apgriculfurist. 5
It is the soundest little work we have yet seen on the subject."—The Times,

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Processes of their Produc-
tion. Including a Chapter on Cream and the Methods of its Separation from
Milk. By ‘%DHH OLivER, late Principal of the Western Dairy Institute,
Berkeley. ith Coloured Plates and 200 Illustrations. Crown 8vo, cloth.

7/6

“* An exhaustive and ma.sterll-,r production. It may be cordlally recommended to all students
and practitioners of dairy science."—MNorth Byitish Apriculturist,

“*We recommend this very comprehensive and carefully-written book to dailry-farmers and
students of dairying. It is a distinct acquisition to the library of the agriculturist.”"—Adgriculniral
lrazette.

SYSTEMATIC SMALL FARMING.

Or, The Lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. Scort Burn, Author of ** Outlines of
Modern Farming,” &c. Crown 8vo, cloth. ; A 2 . ; . 8/0

* This is the completest book of its class we have seen, and one which every amateur farmer
will read with pleasure, and accept as a guide." —Fie/d,

OUTLINES OF MODERN FARMING.

By R. Scort BurN. Soils, Manures, and Crops—Farming and Farming
Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Poultry—Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One
Vol., 1,250 pp., half-bound, profusely Illustrated . . p 5 « 1210

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines;
Field Implements and Machines ; Agricultural Surveying, &c. By Professor
Joun ScorT. In One Vol., 1,150 pp., half-bound, with over 6oo Illustrations.
12/0

“Written with great care, as well as with knowledge and ability. The author has done his

work well; we have found him a very trustworthy guide wherever we have tested his statements,
The volume will be of great value to agricultural students."—Mark Lane Express,

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and
Art Department. For Elementary and Advanced Students. By Huch
CLEMENTS (Board of Trade). Second Edition, Revised, with Additions.
18mo, cloth . ; ’ . 3 : ; : 28

"It isa long time since we have seen a book which has pleased us more, or which cortains
<uch a vast and useful fund of knowledge. "—Fancational Times,

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS, SURYEYORS, LAND AGENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. By Sipnev Frawcis. Fifth
Edition. =272 pp., waistcoat-pocket size, Emp leather . ‘ ’ . 1/6

“* Weighing |e:B£I‘.- than 1 oz., and occupying no more space than a match-box, It contalns a4 mass
of facts and calculations which has never before, in such handy form, been obtainable, Ev
operation on the farm is dealt with, The work may be taken as timoughi._-.r accurate, the whole of

the tables having been revised by Dr, Fream, We cordially recommend it."—Bell's Weckly
Messenger,

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.

Part I. Stock. Part I1. Crors. By C. J. R. Tirrer. Crown 8vo, cloth.

3/6

'''We have no doubt that the book will he welc d large
interected In agriculture, " —Standoed, prt e SSSE-OL Sanmaty 43 v
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—

FERTILISERS AND FEEDING STUFFS.

Their Properties and Uses. A Handbook for the Practical Farmer. By
BerNarD DvEg, D.Sc. (Lond.). With the Text of the Fertilisers and Feeding
Stuffs Act of 1893, The Regulations and Forms of the Board of Agriculture,
and Notes on the Act by A. J. Davip, B.A., LL.M,. Fourth Edition, Revised.
Crown 8vo, cloth. [Just Published, 1/0
" This little book is precisely what it professes to be—'A Handbook for the Practical

Farmer." Dr. Dyer has done farmers good service in placing at their disposal se much useful
Information in so r:telﬁg'ible a form."— The Times,

BEES FOR PLEASURE AND PROFIT.

A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. Gorpon Samson. With
numerous Illustrations. Crown 8vo, wrapper . . . . . . 110

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plans, a tem adapted for all
Classes of Farms. By Jouwnson M. Woobpman, Chartered Accountant.
Fourth Edition. Crown 8vo, cloth. [ Just Published. 2(8

* The volume is a capital study of a most important subject."—Agrionltural Gazetie,

WOODMAN'S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income and
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c.
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the
Year. B g;IHNSQH M. Woopman, Chartered Accountant, Second Edition.
FD]iDj h r‘ und ® ® ] L . L] L] L3 L] L] N“ TIB
" Contains every requisite for keeping farm accounts readily and accurately,"— 4 gsden/rure,

THE FORCING GARDEN.

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and
Estimates for Building Glasshouses, Pits and Frames. With Illustrations.
By Samuer Woob. %«nwn 8vo, cloth . g £ - . - . 3/8
“* A good book, containing a great deal of valuable teaching."—Gardeners’ Magasine,

A PLAIN GUIDE TO GOOD GARDENING.

Or, How to Grow Vegetables, Fruits, and Flowers. By 5. Woopn. Fourth

Edition, with considerable Additions, and numerous Illustrations. Crown

Bvo, cloth . . ‘ . ‘ . ‘ . . " ‘ ; . 38

“* A very good book, and one to be highly recommended as a practical guide, The practical
directions are excellent.”—.d thenaurmn.

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,
so as to realise £1?ﬁ per annum clear Profit. By SamueL Woob, Author of
¥ Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . : . 110

THE LADIES’ MULTUM=-IN-PARYO FLOWER GARDEN.
And Amateur's Complete Guide, By S. Woop. Crown 8vo, cloth . 38

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treatment of the Potato.
By J. Pixk. Crown 8vo ., ' 8 : ' . ' ' . . 210

MARKET AND KITCHEN GARDENING.

By C. W. Suaw, late Editor of ** Gardening Illustrated.” Crown 8vo, c;ta
/
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, ETC.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND FOR THE VALUATION OF PROPERTIES,

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities,
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests,
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds,
&ec., &c. 27th Edition, Revised and Extended by WiLLIAM SCHOOLING,
F.R.A.S., with Logarithms of Natural Numbers and THoman's Logarithmic
Interest and Annuity Tables. 360 pp., Demy Bvo, cloth. )
[ fust Published. Net 8/0
" Those interested in the purchase and sale of estates, and in the adjustment of compensation
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of
eminent service,'—FEngincering, f
“This valuable book has been considerably enlarged and improved by the labours of
Mr. Schooling, and is now very complete indeed,”—Econamist. :
+ Altogether this edition will prove of extreme value to many classes of professional men in

saving them many long and tedious calculations.”—Jnvestors’ Keview.,

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT AND VALUER'S POCKET ASSISTANT.

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and
Reversions, and of Property generally ; with Prices for Inventories, &c. By
ﬂGHH WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Extended

y C. Norris. Royal 32mo, cloth . . . e . . BlO

# A neat and concise book of reference, containing an admirable and clearly-arran list of
prices for inventories, and a very practical guide to determine the value of furniture, dc." Mederd,
“ Contains a large quantity of varied and useful information as to the valuation for purchase,
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for
inventories, and a guide to determine the value of interior fittings and other effects.”—Suifder.

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By RoOBERT
Squiess, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/8

“The work is one of general excellent character, and gives much informatlon In a com-
pendious and satisfactory form.”"—Fuilder.

*May be recommended as giving a deal of Information on the law relatlng to
auctioneers, in a very readable form.'—Lamw Fournal,

THE AGRICULTURAL VALUER'S ASSISTANT.

A Practical Handbook on the Valuation of Landed Estates; including
Example of a Detailed Report on Management and Realisation ; Forms of
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of
Compensation under the Agricultural Holdings Act, and a Brief Treatise on
Compensation under the Lands Clauses Acts, &c. By Tom BrigHT, Agricul-
tural Valuer. Author of ““The Agricultural Surveyor and Estate Agent's
Handbook.” Fourth Edition, Revised, with Appendix containing a Digest of
the Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth . NeZ 8/0

** Full of tables and exam in connection with th i

contents and weights of l:i.t'llhﬁrfiilsd farm produce of all ﬁ:gls“?fmngu;tm;;n:g?gg;;:;gm . B

=

“An umi.nuntl]rdpractica.l handbook, full of practical tables an ta of undoubted interest and

value to surveyors and auctioneers in preparing valuations of all kinds,"—Farsmer.,

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Forming, Renovating,
Improving, and Grubbing Plantations and Underwoods, their Valuation for
Purposes of Transter, Rental, Sale or Assessment. By Tom BriguT. Crown
8vo, cloth . . . ‘ . X . . . . . . . 38
*Tao valuers, foresters and ts it will be a welcome aid.”"— 'sh A gricultiris
" Well calculated to assist t?:g&THUH in the discharge of g*i.s dfﬁﬂﬁafdﬁ c{ﬁ:‘nduuhbud "I.nte::ﬂ
and use both to surveyors and auctloneers in preparing valuations of all kinds,"=-Kens Herald.
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AGRICULTURAL SURYEYOR AND ESTATE AGENT'S
HANDBOOK.

Of Practical Rules, Formula, Tables, and Data. A Comprehensive Manual

for the Use of Surveyors, Agents, Landowners, and others interested in the

Equipment, the Management, or the Valvation of Landed Estates, By

Tom Bricur, Agricultural Surveyor and. Valuer, Author of *‘ The Agri-
cultural Valuer's Assistant,” &c. With Illustrations. Feap. 8vo, Leather.

Net T/6

'"* An exceedingly useful book, the contents of which are admirably chosen. The classes for
whom the work is intended will find it convenient to have this comprehensive handbook accessible
for reference."—Live Slock Fonurnal.

“ It is a singularly compact and well informed compendium of the facts and figures likely to
be required in estate work, and is certain to prove of much service to those to whom it is
addressed."—Scofsavase.

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, Insh, and Provincial Customary
Acres to Statute Measure, &c. By R. Hupson, C.E. New Edition.
Royal 32mo, leather, elastic band . : 5 : ' . - 4/0

" Of incalculable value to the country gentleman and professional man."—Farmers' Fournal,

THE LAND IMPROVER’S POCKET-BOOK.

Comprising Formula, Tables, and Memoranda required in any Computation
relating to the Permanent Improvement of Landed Property. By JouN EwarT,
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0
“ A compendious and handy little volume, "—Specfator,

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . . . . 786

HANDBOOK OF HOUSE PROPERTY.

A Popular and Practical Guide to the Purchase, Tenancy, and Com-
pul Sale of Houses and Land, including Dilapidations and Fixtures :
witangxamplr,; of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. Tarsuck, Architect and Surveyor.
Sixth Edition. 12mo, cloth : ; . ‘ : - 4 % . B0

“The advice is thoroughly practical."—Law Forrmal,

* For all who have ings with house property, this is an indispensable puide."—Decoration.

* Carefully brought up to date, and muchimproved by the addition of a division on Fine Art.
A well-written and thoughtful work."—Land Agenes’ Record,

LAW AND MISCELLANEOUS.
MODERN JOURNALISM.

A Handbook of Instruction and Counsel for the Young Journalist. By Joun
B. Macki1g, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0

* This invaluable guide to journalism is a work whizh all aspirants to a journalistic career will
read with advantage."— Fourmnaliss

HANDBOOK FOR SOLICITORS AND ENGINEERS

Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramways, Gas and Water Works, &ec.
By L. L. Macassev, of the Middle Temple, Barrister-at-Law, M.I.C.E,
Beloth . . . @ v o« &+« » &1 85s.

PATENTS for INVENTIONS, HOW to PROCURE THEM.

Compiled for the Use of Inventors, Patentees and others, By G. G. M.
HArpinGHAM, Assoc. Mem. Inst. C.E., &c. Demy Bvo, cloth . . 1/

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Sketch and PBrief Statement of the Present Position of the
uestion at Home and Abroad. By J. S. Jeaws. Crown 8vo, 200 pp.,
cloth . g . . 3 . . 6 . s R . 2/










WEALE'S SCIENTIFIC & TECHNICAL SERIES.
BUILDING & ARCHITECTURE.

Building Estates. F. MaAiTLAND L ' . 2[-
Science of Building. E. W. Tarx ’ . e 30
Building, Art of. E. Dossox and J. P, ALLEN . . 2/-
Book on Building. Sir E. Beckerr . S
Dwelling Houses, Erection of. 8. H. BB.GGKS . 216
Cottage Building. C. B. Auieny . . ». 2f-
Acoustics of Public Buildings. Prof. T R. SMmiTH, I1/6
Practical Bricklaying. A. HamymoNDp 1/6
Practical Brick Cutting & Setting. A. H AMMOND . 1/6
Brickwork, F. WaALker - 4 : a2
Brick and Tile Making. E. Dunsom : ; 3/-

Practical Brick & Tile Book. Dossox & HAMMOND 6/-
Carpentry and Joinery. T. Trepcorp & E. W, Tarx 3/6

Atlas of 35 plates to the above . . ; . - 0]
Handrailing, and Staircasing. G. CoLnixaes . v, 2
Circular Work in Carpentry. G. CoLnINGs 0 e
Roof Carpentry. G. CoLniNes . . . . 2/~
Construction of Roofs. E. W. Tum 4 . . » IJ6
Joints used by Builders. J. W. CaRrisTY ; . 3/~

Shoring. G. H. Bracrove , 1/6
Timber Importer’s & Builder’s Gulde. R.E Gmm' 2/-

Plumbing. W. P. Bvomax . . v e 36
Ventilation of Buildings. W. P, B‘DGEAH’ : « 36
Practical Plasterer. W. Ernp . - o a0 -
House-Painting. E. A, Davibsoxn : . . 5/-
Elementary Decoration. J. W. FacEy. . . » 2/-
Practical House Decoration. J. W. Facexy . . 2/6
Gas-Fitting. J. Brack . . : . . + 2/6
Portland Cement for Users. H. Famsa . . . 2/-
Limes, Cements, & Mortars. G. R. BurNeLL . ., 1/6
Masonry and Stone Cutting. E. Dosson . 2f6
Arches, Piers, and Buttresses. W. Branp o s X

Quantities and Measurements. A. C. Beatox . If6
Complete Measurer. R. HorTox : : . o 4=
Superficial Measurement. J. HAWKINGs " . 3f6
Light, for use of Architects. E. W.Tarxy . . 1/6
Hints to Young Architects. WIGHTWICK & GUILLAUME 3/6
Dictionary of Architectural Terms. J. Wrarg , j5/-
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