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PREFACE.

-——

In this little book an attempt has been made to
supply, in generally intelligible language, an explanation
of the facts and mechanical principles on which the
structure and operation of Steam Engines depend.
‘Within the proposed limits of bulk and cost it would
be impossible to give much practical detail. The
object is, therefore, to supply those who desire to learn
how it is that the Steam Engine has accomplished the
miracles of power for which it has been so celebrated
with the means of doing so, without the technicalities
of art and science, and in a form and manner which
will not require a greater amount of time and labour

than they can readily bestow upon it.

It is hoped that the simplicity of style and language
and the comprehensive plan which have been adopted
will attain this end, and that almost all who have
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learned to read may in these pages learn how it is
that steam power plays the important part ascribed to

it in the arts and manufactures.

In the Text, the explanations are given with but
little reference to diagrams: but a selection of illus-
trations is added in Chapter xxvm., by reference to
which the Text will be still more clearly elucidated.



RUDIMENTARY TREATISE

ON

THE STEAM ENGINE.

CHAP. I.—HOW STEAM PRODUCES MECHANICAL ACTION.

1. THE instrument by which steam accomplishes this is
almost invariably a piston, moveable in a cylinder.

A cylinder is a tube or pipe, but much larger in its dia-
meter, in proportion to its length, than tubes or pipes usually
are. Thus a common proportion for a cylinder is 3 feet in
diameter, inside measure, and 4 feet or 4} feetin length ; but
this proportion is very variable according to circumstances.

2. The piston is a solid plug, fitting the interior of the
cylinder with sufficient precision to prevent steam from
passing from the one side to the other, but with sufficient
freedom of motion to enable it to move along the cylinder
without any considerable loss of force to keep it in motion.

8. The ends of the cylinder are understood to be closely
stopped by lids. One of these lids is cast with the cylinder,
and forms, in fact, part of it ; the other is attached to it by
screws and nuts, and fitted so exactly that steam cannot
escape at the joints.

4. Small apertures are provided at each end of the cylin-
der, furnished with stoppers or valves, by which steam may
be admitted or allowed to escape at pleasure.

5. Now it will be easily understood, that if a blast of

steam be admitted at one end of the cylinder it will blow
B2
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the piston to the other end : if a blast of steam be admitted
at the other end, that which had previously been admitted
being allowed to escape, the piston will be blown back again.

If we have the means, then, of taking in a blast of steam
alternately at the one end and at the other end of the
cylinder, the piston will be blown constantly backwards and
forwards from end to end.

The force with which this will be effected will depend on
the force of the steam.

6. This alternate motion of the piston from end to end of
the cylinder, made with a certain degree of force, could
accomplish nothing useful if it were confined within the
cylinder; it must be communicated to something outside
which is required to be set in motion.

7. This is accomplished by an appendage to one side of
the piston, called the piston-rod. This is a round rod,
firmly fixed into the centre of the piston, and passing
through a hole made in the centre of the cover or lid of the
cylinder, which I have already described, to be attached by
screws and nuts. It must move in this hole as the piston
does in the cylinder, so tightly as not to let any stean
escape, and yet so freely as not to require any considerable
power to urge it.

8. It will be easily understood, that to attain this object
very great precision of form is necessary in the internal
surface of the cylinder and in the piston-rod. The cylinder
is made of cast iron, but the inner surface of it, after being
cast, is reduced to a precise cylindrical form by a boring
machine. This machine scrapes off all roughness, and
reduces every part of the inner surface to an exact circular
form, of precisely the same diameter throughout the entire
length of the cylinder.

9. The piston, which is flat on either side and circular at
its edge, to correspond with the cylinder, is made to fit the
cylinder in steam-tight contact, and at the same time to
move freely in it by a varety of contrivances which will be
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poticed hereafter. For the present it will be sufficient to
assume that mechanical art, in its present state, enables us
to construct pistons and cylinders with so great a degree of
precision that no steam whatever shall pass between them,
and yet that the motion shall be almost perfectly free.

10. The piston-rod, also of iron, is turned in a lathe so as
to be truly round, and uniformly of the same diameter
throughout its length. The hole through which it plays
in the top of the cylinder is surrounded by a packing of
hemp, soaked in oil and tallow, which is pressed against the
sides of the piston-rod; and in this way, whilst the motion
is free, no steam escapes.

11. The piston-rod thus partakes of the alternate motion
which the piston itself receives, and conveys this motion to
any object outside with which it may be connected.

12. Thus the primary motion produced by steam power is
an alternate motion backwards and forwards in a straight
line; but by an infinite variety of well-known mechanical
contrivances, this alternate motion may be made to produce
any other kind of motion that may be desired: thus we may
make it keep a wheel in constant rotation, or move a weight
continually in the same straight line and in the same
direction.

18. These points will be hereafter explained : for the pre-
sent we establish the fact that steam can by the means
indicated produce an alternate force backwards and forwards
along a cylinder with a degree of energy proportionate to
the force of the steam, and with a degree of speed propor-
tionate to the rate at which the steam can be supplied.

CHAP, II.—WHAT STEAM IS, AND WHAT ARE ITS PROPERTIES.

1. I have spoken of the piston in the cylinder being driven
from one end to the other by a blast of steam. This will at
once suggest the resemblance of steam to air. Steam pos-
sesses, in fact, a set of properties precisely the same as air:



6 RUDIMENTARY TREATISB

if air were heated to the same temperature as steam, it
would, to all intents and purposes, possess the same
mechanical properties; and if it were as manageable in
other respects as steam is, we should have no occasion to
resort to steam engines, but should have nothing but air
engines. Air could blow the piston from end to end of the
cylinder as well and in exactly the same manner as steam
does. It will therefore greatly facilitate the comprehension
of the qualities of steam to attend, in the first instance,
to the corresponding qualities of air.

2. Air is an elastic fluid,—so is steam.

The meaning of an elastic fluid is one which may be
squeezed or compressed into a less bulk; or, on the other
hand, which will expand itself into a greater bulk spon-
taneously if room be given to it.

3. All fluids, however, do not enjoy this property : water
does not partake of it at all ; it cannot be squeezed by any
practical force into less dimensions than it naturally occu-
pies, and whatever room you may give to it, it will not
expand into greater volume. If air be enclosed in any
vessel, it will spontaneously press on every part of the inner
surface of such vessel with a certain force, tending, as it
were, to burst the vessel. This is what is called its elas-
ticity. If it be squeezed into a vessel of half the size, it
will press on the inner surface of this vessel with just double
the force; and if, on the other hand, it be allowed a vessel
of twice the size, it will spontaneously expand and fill every
part of such vessel, but will press on it with a diminished
force, amounting to one-half its original pressure.

4. In short, you may by compression reduce its bulk in
any required proportion, and its bursting or elastic force
will be augmented in exactly the same proportion ; and you
may, on the other hand, permit it to expand to any aug-
mented volume, and its pressure will be diminished in
precisely the proportion in which its volume will be
increased.
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5. All these are equally qualities of steam.

Air is an invisible fluid,—so is steam. It is a great mis-
take to imagine that the cloudy vapour that is seen issuing
like white smoke from steam vessels or boilers is steamn:
the moment it becomes thus white and cloudy it ceases to
be steam.

These misty particles are particles of water, and not steam.
If a glass vessel were filled with pure sieam, it would be as
invistble as when filled with air.

6. Steam is air made from water.

Air may exist in different states of density,—so may
steam. In either case the pressure or elasticity (other cir-
cumstances being the same) isin proportion to the density.

7. But as air is everywhere accessible and disposable, it
may be asked why we may not use it for those mechanical
purposes for which steam has proved so omnipotent, espe-
cially seeing that the production of one is attended with
great cost and trouble, while the other exists in unbounded
quantity, and can be had everywhere and for nothing. To
answer this we must consider those qualities in which steam
differs from air.

CHAP. II,—HOW WATER IS CONVERTED INTO STEAM, AND HOW
STEAM IS RECONVERTED INTO WATER,

1. If any source of heat be applied to water, the first and
obvious effect will be to render the water hotter.

2. But to this there will speedily be a limit. It will be
found that when the water has attained a certain heat, no
further application of heat will augment its temperature,
but it will then begin to diminish in quantity, and, as it
were, to disappear ; and if the application of heat be con-
tinued, the water will at length altogether vanish. It has
in this case been gradually converted into steam, which
has ascended into the surrounding atmosphere and mingled
with it.
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8. But this escape of the steam may be prevented. Lot
a second vessel be provided and put in connection with that
in which the water is heated, and let the communication with
the external air be cut off.

4. The steam produced from the water may be collected
in this vessel, and when so collected, and submitted to
examination, it will be found, as I hare stated, to possess all
the mechanical properties of air.

Tt thus appears that the liquid water is converted into the
elastic fluid steam by imparting to it a certain quantity of
heat;,

5. One of the most remarkable changes which the water
undergoes when it passes into the form of steam is its
change of bulk, which is quite enormous.

6. It is found that a quart of water evaporated under
ordinary circumstances will produce about 1700 quarts of
steam, but this proportion varies with circumstances, as we
shall now see.

7. Let us suppose that a piston is inserted in a tube, and
that under the piston & small quantity of water is placed.
For simplicity, let us suppose that quantity of water to be
a cubic nch. Let the piston be arranged to press upon the
water with a force of 151b., the magnitude of the surface
of the piston in contact with the water being a square inch ;
and let us in this case put out of consideration any effect of
the pressure of the external atmosphere, this pressure being
represented by the 151b. imputed to the piston. Let a
lamp be supposed to be applied under the tube, so as to heat
the water within, The effect of the lamp for some time will
be merely that of elevating the temperature of the water,
but when the temperature shall have attained to 212° of
Fahrenheit’s thermometer, then the piston will be observed
to begin to ascend in the cylinder, leaving an apparently
unoccupied space between it and the water. The quantity
of water will at the same time apparently diminish. The
lamp continuing to act, the piston will continue slowly to
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ascend, and the water slowly to diminish, until at length all
the water shall have disappeared.

8. The piston will then be found to have ascended to such
a height that the space below it in the cylinder will be 1700
times greater than that which the water originally occupied.
This space, which, if seen as it might be through glass,
would appear empty, would in fact be filled with the steam
produced from the water, which, like air, would be
invisible.

9. In this case we have supposed the steam to be pro-
duced under a pressure of 15 lb. on the square inch. Let
us now, however, suppose things restored to their original
state, and the piston to be loaded with 80 lb., or with
15 1b. in addition to the atmospheric pressure, which makes
a total of 801b. If the same process as before be repeated,
it will now be found that before the piston begins to ascend,
the temperature of the water will rise, not to 212° as
before, but to 252°; the piston will then begin, as before, to
ascend, and will continue to ascend until all the water shall
have disappeared. It will not, however, rise now so as to
leave 1700 times the original bulk of the water below it, but
only the half of that amount, leaving a space for the steam,
thus produced, about 850 times greater than the bulk of the
water.

Iy short, the piston may be loaded with any pressure
greater or less than that which we have supposed. If loaded
with a less pressure, the water will expand into steam of
greater volume; and if loaded with a greater pressure, it
will expand into steam of less volume. The temperature
also at which the water will begin to be converted into
steam will vary, being higher for greater pressure and lower
for less pressure.

10. When the pressure is doubled, the steam produced
will not be of precisely double the density, but will not vary
much from that proportion. The reason of the variation—
small as it is—is, that when the pressure is doubled, the

B3
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temperature of the steam is augmented, and an increase of
volume due to such increase of temperature causes the
density of the steam which results to be a little less than
double the original density. This variation, however, is so
small that we may disregard it in practice, and assume as a
simple and intelligible rule, that the density of steam is in
the direct proportion of its pressure.

11. As it is of great advantage to retain in the memory
the extent to which the volume of water is expanded when
it is converted into steam, the following accidental pro-
portion will be found useful: a cubic foot contains 1728
cubic inches. Now we shall be sufficiently near the truth,
for all practical purposes, if we state that a cubic inch of
water evaporated under a pressure of 151b. per square
inch will produce a cubic foot of steam. This statement
is at once so simple and so striking, that it cannot be
forgotten.

12. Knowing the volume of steam produced by a given
quantity of water under this pressure, the volumes which
will be produced under other pressures, greater or less, may
be inferred with sufficient practical accuracy by the pro-
portion already given. Under double the pressure, the
volume would be one-half; and under half the pressure, the
volume would be double. Thus, if water be boiled under a
pressure of 801b. per square inch, a cubic inch of water
will produce half a cubic foot of steam ; if it be boiled under
45 Ib. per square inch, it will produce one-third of a cubic
foot of steam; and in like manner, if it be boiled under
741b. per square inch, it will produce two cubic feet of
steam ; and under 51b. per square inch, three cubic feet of
steam, and so on.

18. This proportion would be strictly accurate but for the
fact that the temperatures at which the water boils in these
cases are different; but the difference due to this need not
be now attended to. .

14. It may also be observed, that in general, when the
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water boiled is exposed to the atmosphere, the atmosphere
itself produces an average pressure of 15 1b. per square
inch, which is understood to be included in the above
pressures.

15. Having thus described the manner in which water is
converted into steam, let us now see how steam is converted
into water.

The steam which is produced from the water in the manner
we have described has the same temperature as the water
from whence it proceeds. This temperature is indispensable
to it. The moment you deprive it of any heat, that moment
a portion of it rcturns to the state of water, and by the
continued abstraction of heat from it, it will all return to the
liquid state.

16. Let us suppose, in the tube which we have already
used for our illustration, that after the piston has ascended,
and the water has been all converted into steam, the tube
be surrounded by any cold medium, such as & cold atmo-
sphere, the lamp being in the meanwhile withdrawn; imme-
diately a dew will be formed on the inner surface of the
tube, and the piston will begin to descend. The dew thus
formed is the water reproduced from the steam, which has
been restored to its liquid state, in small particles; these
are swept down before the piston, and at length, when the
piston shall have arrived at its original position, all the water
will have re-appcared at the bottom of the tube.

The steam will, in fact, have been reconverted into
water.

17. Thus, as heat is the agent by which water is con-
verted into steam, the abstraction of heat is the means by
which steam is reconverted into water.

This is one of the most important qualities in which
steam differs from air. No known degree of cold is capable
of converting air into a liquid, although analogy justifies the
inference that some degree of cold, though unattainable
by any means yet known, would effect this. There are somo
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airs, in fact, on which arl has produced this effect, but it has
never been accomplished on the atmosphere.

18. It is precisely this quality, giving us the power of
reconverting steam into water at pleasure, which enables us
to use steam so extemsively for mechanical purposes, and
deprives air of the same mechanical utility.

CHAP. IV.—HOW MUCH MECHANICAL EFFEOT IS PRODUCED BY
THE CONVERSION OF WATER INTO STEAM. .

1. The most common and general method of estimating
the mechanical effect of any agent is by stating what
weight it would raise a certain height, or to what height
it would elevate a given weight. Thus, if we are told that
such or such a mechanical agent is capable of raising 10 tons
a foot high, we have a distinct notion of its efficiency as a
moving power. In this view of mechanical effect, it will be
seen that we omit the consideration of time altogether;
whether it be produced in a minute or in an hour, the
mechanical effect accomplished is the same. "We shall con-
sider it in reference to ¢éme hereafter.

Now the questions I propose to examine are these ;—

2. What amount of mechanical effect is produced when
a given quantity of water, as a cubic inch, is converted into
steam P

8. To what extent, if at all, is such mechanical effect in-
fluenced by the pressure under which the water is evaporated
or boiled ?

4. Let it be remembered that in all cases the water is
supposed to be boiled in a close vessel, furnished with a valve
loaded with a given pressure, so that the steam produced
from the water shall have a pressure equivalent to that of
the valve; in fact, according to our supposition, it must open
the valve to escape, and consequently its force must be ¢in
equilibrio’ with it. But for our present purpose we shall
recur to a mode of illustration which will be more easily
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apprehended. Let us, as before, imagine a cubic inch of
water placed in the bottom of a tube of indefinite length; a
piston being placed in such tube, resting on the water, and so
fitting the tube as not to permit the steam to escape. Letus
suppose this piston, in the first instance, to press on the water
with a force of 15 1b., the surface of the piston in contact with
the water having the magnitude of one square inch.

5. According to what has been already explained, it will
be understood that when heat is applied to the water to
convert it into steam, the piston will be forced upwards, to
give room to the steam thus formed. Now it has been
shown that the room which the steam will thus require will
be 1700 times more than its original volume in the liquid
state. If then the section of the tube be a square inch, the
piston will be raised 1700 inches high, in order to make
room for tho steam which will be produced. Thus a weight
of 151b. will be raised 1700 inches, or about 142 feet.
The mechanical effect evolved in the evaporation of a cubic
inch of water under these circumstances is therefore equiva-
lent to 151b. raised 142 feet high. But 15 1b. raised 142
feet high is equivalent to 142 times 15 Ib. raised one foot
high, or to 21801b. raised a foot high. Now this weight is
very nearly a ton,and as we are not here concerned with
minute fractional accuracy, the following remarkable fact
will follow, and may easily be retained in the memory.

6. A cubic inch of water converted into steam will produce
a mechanical force sufficient to raise a ton weight a foot kigh.

7. But it may be objected here, that we have supposed
the water evaporated under a particular pressure, and there-
fore at a particular temperature: may it not happen
therefore, that if evaporated under a different pressure and
at a different temperature, a different mechanical effect will
ensue ?

To ascertain this, let us suppose the piston to be loaded
with 80 1b. instead of 151b. 'We have already seen that
in such case it would be raised to only half the height, for
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the steam produced would have double the demsity. Now
380 1b. raised 71 feet is exactly equal to 15 lb. raised 142
feet, and the same consequences would follow at any other
supposable pressure. ‘ ]

8. The above maxim then is general, and it may be
assumed that in the evaporation of water the mechanical
effect evolved is independent of the pressure under which the
evaporation takes place, and is always at the rate of a ton
raised one foot for a cubic inch evaporated.

9. It may be well here to observe that this is the entire
mechanical force evolved, and that it must not be supposed
that this effect is practically produced by every cubic inch
of water evaporated in the boiler of a steam-engine; a con-
siderable proportion of this force being absorbed by friction
and other causes of the waste of power before the wseful
effect can be produced.

CHAP. V.—HOW MUCH MECHANICAL EFFECT I8 PRODUCED BY
THE CONVERSION OF STEAM INTO WATER.

1. We have seen that a cubic inch of water makes a cubic
foot of steam at the common pressure. If then a close
vessel be filled with steam at this pressure, and be so exposed
to cold that the steam it contains shall be converted into
water, it will only occupy a cubic inch for every cubic foot of
steam which the vessel previously contained. In fact, the
vessel which was previously filled with steam will now have
only & small quantity of water in it, the remainder of the
space being a vacuum.

2. It is this property by which steam becomes instru-
mental in doing, by the mere agency of temperature, what is
done by the expenditure of so much labour in air pumps and
common water pumps.

8. By whatever agency a vacuum can be produced, by the
same agency & given mechanical effect will follow ; for if a
piston be placed in the tube in which the vacuum be created
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beneath it, the pressure of the atmosphere will drive the
piston down with -a force of 151b. for every square inch in
the section of the piston. In air pumps and common
water pumps, where the vacuum is created by pumping
out the air, the amount of mechanical force expended
in producing the vacuum is equivalent to the amount
of mechanical force which the vacuum itself produces when
made; but when a vacuum is made by converting steam
into water, no mechanical force is expended in producing
the effect ; and consequently steam thus produces a mecha-
nical agent in its reconversion into water, as well as in its
production from water.

4. A cubic foot of steam having a pressure of 15 1b. will
therefore, by being converted into water, produce a mecha-
nical force equivalent to that which a cubic inch of water
produces when converted into a cubic foot of steam.

CHAP. VI.—HOW MUCH HEAT IS NECESSARY TO CONVERT
WATER INTO STEAM.

1. Recurring again to the same mode of illustration, let
us suppose the tube and piston as before, a cubic inch of
water being below the piston; and let us imagine a lamp
burning in a perfectly uniform manner under the tube, so
that it shall impart heat to the water at an uniform rate.
Let us suppose, at the commencement of the process, the
water to be at the temperature of melting ice, but without
having any ice in it. Let the time be then observed which
shall elapse from the first moment of the application of the
lamp to the moment at which the water begins to be con-
verted into steam, and let us suppose this interval to be an
hour. The application of the lamp being continued, as
before, let the process of evaporation go on until all the
water shall have been converted into steam. It will then
be found that the time necessary to complete the evapora-
tion will be 5% hours. :
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2. From this then it follows, since we suppose the action
of the lamp to have been uniform, that to convert a given
quantity of water into steam requires 5% times as much heat
as would be necessary to raise the same water from the
freezing to the boiling point.

8. This is a fact of such capital practical importance that
it ought to be engraven on the memory.

It follows from it, that if a given weight of fuel is con-
sumed in raising a quantity of water from the freezing to
the boiling point, 5% times such weight of fuel will be con-
sumed in converting the same water into steam.

4. There is another point of view in which it is both
teresting and important to regard this fact.

If a thermometer be immersed in the steam which shall
have been produced from the water, it will show that the
steam has the same temperature as the water: thus, if the
water were boiled under the usual pressure of 151b. per
square inch, its temperature would be 212°; the same
would be the temperature of the steam into which it would
be converted.

5. But it will be naturally asked in this case, what has
become of the enormous quantity of heat which has been
supplied by the lamp? Ifin an hour, while the lamp was
raising the water from 82° to 2129, it imparted to such
water a quantity of heat sufficient to raise it 180° higher in
its temperature, it must have imparted an equal quantity of
heat in each succeeding hour, and in 5% hours it would of
course have imparted as much heat as would have added
5% times 180°, or 990°, to 212°, the temperature of the
water, supposing the latter not to have been conwerted into
steam : the water would thus, had it not been converted
into steam, have been raised to the temperature of 1202°, or
about 400° hotter than red-hot iron. But in the present
case, in which the water passes from the liquid to the
aeriform state, no augmentation of temperature has taken
place at all; the steam which has received, and which
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actually contains, all this enormous amount of heat, being:
no hotter than the water which contained mnothing of it.
‘Where is the heat then? And why is it not felt or indi-
cated by the thermometer ?

6. The answer to the first question is easy. It can be
practically proved, as we shall presently show, that the heat
is in the steam. But the second question reaches one of
the final points of science, and cannot be answered. The
heat which is in the steam, and yet neither sensible to the
touch nor indicated by a thermometer, is said to be latens.

7. But we must not be deceived by the use of this word ;
it is merely a name given to the fact that the heat is not
sensible, but it discloses to us no reason for that fact.

8. It is assumed that the heat has been employed in con-
verting the water from the liquid to the aeriform state,
and being employed in maintaning the water in such a
state, is not sensible to the thermometer. This, however,
is after all but another mode of stating tle fact, and is no
explanation of it.

9. I observed, that the 990° of heat is in the steam,
though mnot sensible to the thermometer. We might
perhaps be justified in considering this as proved, inasmuch
as the lamp must be supposed to impart heat uniformly
during its action, but we can give a very decisive practical
demonstration of it.

10. Let a cubic foot of steam of the temperature of 212°,
which has been produced from a cubic inch of water, be
supposed to be contained in a close vessel. Let 5% cubic
inches of water, at the temperature of 82°, be injected mto
this vessel. This cold water, mixing with the steam, will
reduce the steam to water, or, to use a technical term, will
condense it, and we shall find in the vessel 6% cubic inches
of water; namely, the 5} cubic inches which were injected,
and the cubic inch which was ‘contained in the vessel n the
form of steam, occupying a cubic foot, but which has now
become water, and occup.ies only a cubic inch. These 6}
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cubic inches of water will have the temperature of 212°;
that is to say, the same temperature as that of the steam
which was condensed. -

Now it is evident that in returning to the state of water,
the steam has given out as much heat as has been sufficient
to raise the 5% cubic inches of water which were injected
into the vessel from 82° to 212°; and yet the cubic inch of
water into which such steam has been converted has itself
the temperature of 212° being the same as that which it
had when in the form of steam. It is clear, then, that the
990° of heat which were in the steam are now in the 5%
cubic inches of water which were injected, and have raised
this, as must have necessarily have been the case, from 32°
to 212°.

11. It is therefore demonstrated that steam has in it as
much heat ingensible to the thermometer and to the touch
a8 would be sufficient to raise 5% times its own weight of
water from the freezing to the boiling point.

12. This result has an important relation to the economy
of steam power. Theheat supplied by any fuel of uniform
quality, and used in an uniform manner, will be proportionate
to the quantity of such fuel consumed. It follows, therefore,
that it requires 64 times as much fuel to convert water into
steam, supposing the process to commence with the water at
32°, as would be sufficient to boil the same quantity of water.
If the process be supposed to commence at the more ordi-
nary temperature of 60°, then a still greater proportion of
fuel will be necessary for evaporation.

18. I have supposed throughout this exposition that the
water has been evaporated under the common pressure of
15 1b. per square inch, and at the temperature of 212°; but
1t may be asked, what would be the result if the process
were conducted under a different pressure and at a different
temperature ! Might it not happen that the evaporation
would be effected with a greater economy of heat, which
would be an important fact in the application of steam power ?
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14. Such, however, is not the case. It is found that no
matter what the pressure may be under which the process is
conducted, the same lamp, or other uniform source of heat,
acting on the same water, will take exactly the same time to
convert it into steam. It is true that the quantity of what
18 called latent heat will be different, and will be diminished
a8 the pressure is increased. Thus each degree which is
added to the temperature at which the water boils by
increase of pressure, will be subtracted from the latent heat
of the steam. The manner in which this remarkable fact is
usually expressed is, that the sum of the latent and sensible
heats of steam is always the same, namely about 1200°.

15. Thus if water be evaporated under such a pressure
that its boiling point shall be 400°, then the latent heat of
the steam produced from it will be 800°; if it be evaporated
at 300°, the latent heat will be 900°, and so on.

16. This is curious; but the important fact is, that the
consumption of fuel in the conversion of water into steam is
the same, whatever be the pressure of steam produced.

CHAP. VII.—HOW STEAM PRODUCES MECIIANICAL FORCE BY
ITS EXPANSION.

1. We have seen how a piston is urged from one end to
another of a cylinder with a definite force by allowing steam
to flow in upon it, and that increased efficacy is given to this
by creating a vacuum on the side towards which the piston
moves. The steam in this case is supposed to flow from the
boiler, and to press the piston forward with a certain uniform
force. The piston advances because a fresh portion of steam
which enters the cylinder requires more room, to give it
which the motion of the piston is necessary.

‘When as much steam has entered in this manner as is
sufficient to fill the cylinder, then the piston will be driven
to the extreme end of it,; Now it is well to observe that in
the production of this effect no quality proper to steam,
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or which distinguishes steam from any other fluid, 18
concerned.

If aliquid (water for example) were made to flow into
the cylinder with the same pressure and in the same quan-
tity, it would produce precisely the same effect ; in fact, the
steam acts thus not because it is an elastic fluid, but becaunse
it is a fluid, and is urged from the boiler with a certain force.

2. I now come to notice, however, a mode of action in
which steam performs what an inelastic fluid could not per-
form ; one, in short, in which it produces a mechanical effect
in virtue of that property which steam enjoys in common
with air and other gaseous fluids, and in which inelastic
fluids, such as water, do not participate.

8. Let us suppose that the steam flowing into the cylinder
acts upon the piston with a certain definite force, as one ton,
and continues so to act as long as it enters the cylinder.

4. Now let us imagine that when the piston has been thus
pushed to the middle of the cylinder, the aperture at which
the steam enters is suddenly closed, so as to prevent any
fresh supply. The piston will then be no longer pushed
forward by any increased quantity of steam coming from the
boiler. It will, nevertheless, be pressed by the elastic force
of the steam, just as it would be by the elastic force
of air under the same circumstances ; it will still be pressed
on by a force of one ton, supposing that no adequate resist-
ance obstructs its motion. It will not, therefore, come to
rest, but will continue to advance. As it advances, the
steam, expanding into a larger space, will acquire a propor-
tionally diminishing elastic force, and will press on the
piston with a force less than a ton, in exactly the same
proportion as the space occupied by the steam is greater
than half the cylinder. Ultimately, when the piston arrives
at the end of the cylinder, the steam, which originally filled
half the cylinder, will fill the whole cylinder; and the
pressure upon the piston, which was originally a ton, will
then be half a ton.



ON THE BTEAM ENGINE, 21

5. It appears evident, then, that while the piston is thus
moved through the latter half of the cylinder, it is urged by
a continually decreasing force, which begins with a ton, and
which ends with half a ton. .

6. If we could calculate the average amount of this moving
force, we could at once declare the mechanical effect which
is produced through the latter half of the cylinder in virtue
of the expansive power of the steam.

7. At first view it might appear that the average pressure
must be a mean between the original pressure of a ton and
the final pressure of half a ton, and that such mean would
therefore be three-quarters of a ton. But such a conclusion
would be erroneous.

8. The method of calculating the exact average of a force
decreasing in the manner we have described, requires prin-
ciples of the highet mathematics which could not be
introduced properly here. By the application of these
principles it appears that the exact average of the varying
pressures, in the case we have described, would be 1545 Ib.

9. The mechanical effect, therefore, obtained in this way
from the expansive action of the steam would be equal to
1545 1b. driven through a space equal to half the length of
the cylinder. It appears, then, that nearly 75 per cent. has
been added to the original mechanical efficacy of the steam
by this expedient.

10. It may be asked whether there be any limit o the
application of this principle. It is known that other fluids,
having the same natural properties as steam, are capable of
expansion indefinitely, and it might at first be imagined that
there is no limit to the augmentation of the mechanical force
which might thus be obtained from steam; but practical
considerations show that there are not only limits, but com-
paratively narrow ones, to its application.

11. It will be observed that the piston, which is urged by
the force of expansive steam, is acted upon by a continually
diminishing power of impulsion. 'When the pressure of the
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steam becomes by expansion less than the load which such
piston drives through the intervention of machinery, in-
cluding the natural resistance of the machinery itself, then
it is clear that the moving power will cease to be efficacious,
and that the piston must come to rest.

12. The inertia of the machinery may continue the
motion somewhat longer than the moment at which an
equilibrium takes place between the resistance of the load
and the pressure on the piston, but this effect must soon
expire.

18. The expedient by which the expansive principle may
be most conveniently extended is to use, in the commence-
ment, steam of high pressure and great density; such steam
may allow of considerable expansion before it loses so much
of its force as to be reduced to an equilibrium with the
resistance to the piston,

14. In all cases the expansive principle evidently in-
volves a continual variation in the impelling power of the
piston.

Now it seldom happens that there is any similar variation
in the resistance which the piston is required to overcome ;
and in that case an irregularity of action would ensue. In
the commencement, the energy of the impelling force being
greater than the resistance, an accelerated motion would
be produced, and towards the end, the impelling force
becoming less than the resistance, a retarded motion would
be the effect. A great variety of contrivances have been
suggested by mechanical inventors to equalise this varying
action,—

15. The most common and the most beautiful of which is
the fly-wheel. This is a heavy wheel of metal, well centered,
and turning upon its axle with but little friction, so that the
force mnecessary to keep it in uniform motion is inconsider-
wle. The varying action of the piston is transmitted to

his wheel. 'When the impulsive force is greater than the
esistance of the load, the surplus is imparted to the wheel,
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to which it gives a.slight increase of speed. Owing to the
great mass of matter in the wheel, an increase of speed
which is scarcely sensible absorbs an immense amount of
moving force. When the impulsion of the piston by the
expansion of the steam becomes less than the resistance,
then the momentum of the wheel acts upon the load, and
that portion of surplus force which was previously imparted
to it is given back, and the wheel assists, as it were, the
piston in moving the load when the latter becomes enfeebled
by the extreme expansion of the steam.

16. The fly-wheel is thus, as it were, a magazine of force
which gives and takes according to the exigencies of the
machinery. "When the moving force is in excess, the fly-
wheel absorbs the surplus; when the moving force is
deficient, the fly-wheel gives back what it absorbed.

17. Cases occur, however, in the arts in which the
resistance to be overcome by the piston is of a gradually
decreasing nature. In such cases, the expansive action of
the steam, being also gradually decreasing, may be kept in
equilibrio with the work without the intervention of the
equalising action of the fly. Thus if the piston work a
pump by which a column of water is raised, which column
flows off at the top, the length of the column, and therefore
its weight, is greatest when the buckets of the pump begin
to ascend, and least when they arrive at the summit of their
play. The weight in the buckets is in this case of con-
tinualfy decreasing amount, like the decreasing force of
expanding steam.

18. But in most cases some equalising contrivance is
necessary where the expansive principle is extensively used,
and where any thing approaching to uniform action is
necessary.

19. The expansive action of steam is applied in steam
engines in various ways, but by far the most usual is that
which we have described in the above illustration, by cutting
off the supply of steam at fome point before the completion
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of the stroke. In some cases it is cut off at half-stroke, in
some at one-third, and in some at much smaller fractions of
the entire stroke.

‘CIIAP, VIII.—HOW A VACUUM IS PRODUCED WITHOUT COOLING
THE VESSEL OONTAINING THE STEAM,

1. With whatever force the piston be impelled, the effects
of that force will be evidently augmented by an ability to
produce a vacuum, or even a partial vacuum, in that part of
the cylinder towards which the piston moves.

2. It has been already shown that this may be aecom-
plished, if the cylinder be previously filled with steam, by
exposing the steam which has filled it to the contact of cold.
As heat produces steam, cold kills it. Now if a cubic foot
of steam be reconverted into water by cold, it will be
reduced to a cubic inch of that liquid, and we shall have the
entire cubic foot minus one inch, a vacuum ; and, therefore,
for every cubic foot of steam in the cylinder, we shall have a
cubic foot of vacuum minus one cubic inch.

8. But here we encounter a practical difficulty which long
remained without solution. If we produce the vacuum by
cooling the cylinder, and thus condensing the steam it con-
tains, we shall be obliged, on the next stroke of the piston,
when the cylinder must be refilled with steam, to raise its
temperature again to that of the steam it is intended to
contain ; for otherwise the cylinder itself would ogfdense
the steam intended to fill it. Now the heat necessary thus
to warm the cylinder at every stroke of the piston would
entail upon us an enormous waste of fuel ; yet to this waste
was every steam engine exposed from the date of the inven-
tion of that form of the engine called the atmospheric engine,
in the first years of the last century, until the year 1763,
when Watt solved the problem #o condense the steam without
cooling the eylinder.

4. Like almost all discoveries of the first order in the
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arts, this seems astonishingly obvious now that we know it:
and one only wonders how it could remain for more than
half a century undiscovered, human invention moreover
being stimulated by the prospect of a reward which in the
case of Watt proved to be a princely fortune.

5. The first expedient suggested in the progress of dis-
covery for the production of a vacuum in the oylinder, by
the condensation of the steam within it, was to cool the
cylinder itself by the application of cold water on its external
surface.

This process was slow, and consequently retarded inju-
riously the rate of action of the machine. Accident suggested
a much more prompt and effectual method.

It happened that a leak took place in the bottom of a
cylinder, at a point where & supply of cold water was placed;
the water, pressed by the atmosphere through the hole,
spirted up in a jet within the cylinder, and in an instant,
by its contact with the steam, condensed it, and procuced a
sudden vacuum. The unusally rapid descent of the piston
attracted the attention of the Engineer, the cause was
investigated, and the method of cooling the cylinder on its
exterior surface was thenceforward abandoned. A cock or
valve was placed at the bottom of the cylinder, by which
cold water was injected when it was required to condense
the steam, and another was provided by which the water
and condensed steam were allowed to escape. In this
manner the engine continued to be worked until the appli-
cation of the invention which, with so many others, has
conferred immortality on the name of Watt.

6. Although the condensation by jet has the advantage,
as we have stated, of being prompt, yet the cylinder was
still cooled, and the waste of fuel attendant upon reheating
it still took place. It is true that a jet of water would in
the first instance condense the steam within the cylinder
without materially lowering the temperature of the cylinder
iteelf; but the effect would be that the heat of the cylinder,
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acting on the water contained within it, would immediately
reconvert a portion of such water into steam, and destroy
the vacuum before it could take effect upon the piston. It
was therefore necessary to throw in by the jet as much cold
water as was sufficient not merely to condense the steam,
but also to cool the cylinder down to the temperature of, at
most, 100°; and even at this temperature a portion of the
vapour was still uncondensed, which impeded injuriously the
action of the machine.

7. The invention of Watt not only had the effect of pro-
ducing an almost perfect vacuum, but it did so without in
the slightest degree lowering the temperature of the cylin-
der. The idea occurred to Watt of placing near the cylinder
another vessel, submerged in cold water, and having a jet of
cold water constantly playing within it. Whenever it was
desired to condense the steam in the cylinder, he opened a
communicatioun by a cock or a valve between this vessel and
the cylinder, and immediately the steam, by its elastic force,
rushed into this vessel and was instantly condensed, leaving
in the cylinder an almost perfect vacuum, and at the same
time exposing the cylinder to mo cold which could in the
slightest degree lower its temperature.

8. The vessel here described, immersed in a cistern of
cold water, and having a jet playing in it, was called a
condenser. By the continuance of the process just described,
such vessel would, after a time, not only be filled with
water supplied from the jet and the condensed steam pro-
ceeding from the cylinder, but it would also contain more or
less air which would enter in a fixed form in the water, and
which would be liberated by the warmth of the steam-con-
densed by the water. This air would vitiate to some extent
the vacuum in the condenser, into which it would pass in
virtue of its elasticity. These impediments were surmounted
by the adjunction of a pump to the condenser, by which the
water supplied by the jet and the condensed steam, as well
as the air just adverted to, were constantly pumped out.
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9. This is called the air pump.

10. The water surrounding the condenser, unless it were
changed, would in time become warm, and fail to effect the
condensation. This is remedied by the application of a
pump and waste pipe to the cold cistern in which the con-
denser is submerged. The pump continually supplied cold
water, which, by its comparative weight, had a tendency to
sink to the bottom; and the waste pipe, placed near the
surface, let escape the warm water, which, by its comparative
lightness, ascended: thus, with these arrangements, the
method of separate condensation became complete.

11. The effect of this invention, with a few others which
will be described hereafter, was to save about 75 per cent.
of the fuel consumed by the steam engines as previously
worked. Watt and his partner Boulton were content to
receive, as their reward for this gift to the arts, one-third of
the saving which they effected ; and this one-third proved
to be sufficient to enable each of these illustrious men to
leave to their descendants magnificent fortunes.

CIIAP. IX.—HOW THE MECHANICAL ACTION OF BTEAM MAY BE
AUGMENTED BY HEAT IMPARTED TO IT DIRECTLY.

1. In all the ordinary applications of steam, the heat
imparted is applied to water from which the steam used for
mechanical purposes is raised. Heat, however may be
imparted directly to the steam itself after it has been
separated from the water, and when so applied it will
augment in a certain proportion the mechanical efficacy of
the steam.

It has been thought by some projectors that heat applied
in this way might be rendered more efficacious than when
applied in the evaporation of steam from water. It may,
therefore, be worth while to explain here to what extent
the mechanical power of steam can be augmented in this
way. '

c2
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2. 1t is a remarkable fact, that the effect of heat applied
to air and all species of gases in augmenting their volume is
precisely the same. It is found that if air or any species of
gas be confined within a certain volume, and that heat be
applied to it until its temperature be raised one degree, its
elastic force will be augmented by one 480th part of its
whole amount. Thus if a certain surface of the vessel which
contains it suffer a pressure from its elastic force of 480 Ib.,
the same surface will suffer & pressure of 481 lb. from the
temperature of the air or gas being raised one degree.

8. Now it is still more remarkable, that the very same
law applies to every species of vapour, that of water included.
If then a cylinder containing steam excluded from contact
with water be exposed ,to any source of heat, it will receive
the above augmentation of pressure for every degree by
which its temperature is elevated. This increase amounts,
in round numbers, to one-fifth per cent. of the whole
mechanical effect.

4. It is scarcely mecessary to say, without going into
details for which our limits would not afford us space, that
the same quantity of fuel which would produce this increase
of mechanical effect, applied directly to a vessel containing
steam, would produce a greater mechanical effect, applied to
a boiler to produce steam from water.

It is therefore not necessary to dwell further on this
principle, as invention has not yet profitably employed it 1n
the case of steam.

CHAP, X.—HOW A PISTON 1S MADE TO MOVE ALTERNATELY
FROM END TO END OF A CYLINDER WITH A DEFINITE
MECHANICAL FORCE.

1. It is evident that if steam can be admitted on one side
of the piston, and withdrawn on the other, the piston will
move in obedience to the pressure on_the side at which it is
admitted.
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2. If, when the piston arrives in this manner at the end
of the cylinder, the steam which has impelled it be withdrawn,
and at the same time steam be admitted on the other side,
the piston will move back again from exactly the same cause.

Thus to produce the alternate motion of the piston it is
only necessary to provide means for the alternate admission
and escape of the steam at each end of the cylinder.

8. This supposes two apertures of some kind at each end,
one for the admission and the other for the escape of the
steam : it supposes also one of these apertures to communi-
cate with the boiler, where the steam is generated, and the
other to communicate with the condenser, where the steam
is destroyed.

4. It supposes, moreover, some means of alternately
stopping and opening each of these apertures.

The means whereby fhis is effected are very numerous.

8. It may be done by stoppers which fit steam-tight into
holes, from which they are lifted or drawn, and to which
they are returned alternately, just as the stopper of a
decanter would be, only that they are made more conical, in
order that they may be more suddenly opened and closed.
These are usually made of brass or gun-metal, and may be
ground so as to fit with great precision.

These contrivances are called puppet valves. Those which
open a communication with the boiler are called steam valves,
and those which open a communication with the condenser
are called exhausting valves.

6. Now supposing that we are provided with such con-
trivances, and are supplied with the proper mechanism for
opening and closing them, nothing can be more simple than
to work the engine.

7. Although it is not necessary that the cylinder be placed
in a vertical position, and very often it is not so, yet, for the
convenience of explanation, we shall here suppose it in that
position, and we shall distinguish the two steam valves as
the upper and lower, and the same with the two exhausting
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valves. Lebus then suppose the piston to begin its motion
at the top of the cylinder, and let the cylinder under it be
imagined to be filled with steam, all the valves being closed.
Let the upper steam valve and the lower exhausting valve
be simultaneously opened. Bteam will flow through the
upper steam valve above the piston, and the steam below the
piston will flow through the lower exhausting valve into the
condenser, where it will be destroyed. We shall have a
vacuum under the piston, and the pressure of steam above
it. The piston will therefore descend to the bottom of the
cylinder.

8. When it arrives there, let the two valves, which have
just been supposed to be opened, be closed. The top of the
cylinder will now be shut off from the boiler, and the bottom
from the condenser. At the same time let the lower steam
valve and the upper exhausting valve be opened. The steam
which filled the cylinder above the piston will immediately
rush to the condenser through the open exhausting valve,
where it will be destroyed, and steam from the boiler will
pass below the piston through the lower steam valve. Steam
pressure will therefore act below the piston while there is a
vacuum above it, and the piston will ascend until it reaches
ihe top of the cylinder. The constant repetition of the same
process of opening and closing the valves in pairs would ob-
viously in this manner continue the alternate action of the
piston from end to end of the eylinder.

9. In the earlier steam engines this process of opening
and closing the valves was executed by the hand of an
attendant, and, like all constant mechanical action which
depends on the human will, was dome irregularly. It soon
became apparent that the piston itself could be made to
execute this with the most perfect certainty, regularity, and
precision. Tradition says that an uneducated child, named
Humphrey Potter, was the inventor of this improvement, by
which the steam engino first became a self-acting and self-
regulating machine, ‘
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10. From what has been above explained, it will be evi-
dent, that although there are four independent valves, there
is in reality only a single motion, and that all the four may
be easily managed to be connected so that the motion to be
imparted to them may be effected by a single impulse pro-
ceeding from any convenient part of the machinery.

11. 'When the piston arrives at the top of the cylinder, two
valves,—the upper steam valve and lower exhausting valve,
—are required to be opened; and at the same moment the
two other valves,—the lower steam valve and upper exhaust-
ing valve,—must be closed. Now, as all these movements
are simultaneous, it may be easily imagined that the four
valves may be so connected that a single movement im-
parted to them should open one pair and close the other pair,

12. When the piston arrives at the bottom of the cylinder,
asingle motion in the contrary direction will evidently effect
the object to be attained, that is to say, to open the lower
steam valve and upper exhausting valve, and close the upper
steam valve and lower exhausting valve.

13. These communications between the ends of the ey-
linder and the boiler on the one hand, and the condenser on
the other, are often governed by means even more simple
than the puppet valves we have just described.

14. The two openings at each end of the cylinder are
sometimes made in flat surfaces, over which two sliding
shutters are moved, these two sliding shutters being con-
nected by a rod or other solid connexion, extending from
end to end of the cylinder. By moving this rod upwards
or downwards, the position of the shutters being properly
adjusted, the openings for the admission or escape of the
steam are covered and uncovered by pairs in the manner
necessary to produce the effect we have described.

15. These contrivances are called slides.

16. If the steam be used expansively, by shutting it off
before the completion of the stroke, the times of opening
and shutting the several apertures will not be the same.
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17. The opening by which the steam is admitted will in
that case be closed at the moment when the piston has
completed a certain part of the stroke and the valve for the
admission of steam at the other end must not be opened till
the end of the stroke.

18. When a cylinder is so worked, there will then be
three epochs in each stroke at which the valves must be
acted upon,—at the commencement when the steam is first
admitted to impel the piston, at some intermediate point
when its influx is stopped, and at the extremity when it is
let in on the other side. If puppet valves be used, such as
‘we have first described, each moving independently of the
other, it is easy to conceive how these effects may be pro-
duced: but even with slides they are also managed by so
adjusting the slide to the opening, that by two successive
motions, made at different points of the stroke, the effect is
produced. At the commencement, the slide being advanced
through a certain space, the steam is admitted on the one
side of the piston and withdrawn from the other; at an
intermediate point, the slide being further advanced, the
influx of steam is shut off, but the eflux on the other side
still permitted; at the termination of the stroke, another
movement of the slide admits the influx on the other side,
and the efflux on the opposite side.

19. There is another class of contrivances for governing
the admission and the emission of steam, which are called
cocks. These are similar in their mechanical construction to
the common water-cock. A solid metallic cone with the
point cut off, is capable of revolving in a hollow cone which
it fits steam-tight. This solid cone is pierced with two or
more passages, the openings of which, by turning the cock,
may be brought to coincide with corresponding openings in
the hollow cone in which it revolves. In this way steam
may be admitted to or allowed to escape from the cylinder,
in a manner exactly similar to that by which a liquid is
enabled to flow from a vessel by means of a common cock.
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20. The application of this expedient evidently supposes
the practicability of bringing the openings for the influx and
efflux of steam communicating with the top and the bottom
of the cylinder to the same point; but there is no difficulty
in this. It is only necessary to provide tubes or passages,
leading from the point where the cock is placed to the top
and the bottom of the cylinder, through which the steam
may pass to or fro.

21. A practical objection to this expedient is, that at each
stroke as much steam is lost as fills such passages, inasmuch
as such steam has no effect in working the piston. A
source of waste is therefore produced, expressed by the
proportion which the contents of these passages bear to the
magnitude of the eylinder.

22. For this reason, among others, cocks or valves placed
in this manner, at distances more or less considerable from
the ends of the cylinder, are in general used only in small
engines of short stroke. In the larger class of engines, with
very long stroke, valves are placed at each end, close to the
piston, and worked by independent mechanism.

23. The action of the puppet valve, or spindle valve, as it
is sometimes called, has in practice some advantages over that
of slides or cocks ; it is more prompt in opening and closing,
and it is much less likely to leak in consequence of wear ; it
is aiso obviously subject to less friction.

24. As I have already stated, these valves are conical, and
rest in a conical seat, being ground so truly as to be steam-
tight. The angle of the cone is usually 45° If it be less
conical, the valve is apt to get tightened in its seat ; if more
80, it is apt to leak.

25. When slides are used, some expedient is adopted to
enable them to move against the surface with which they
are in contact so as to be steam-tight. This is either effected
by a packing of hemp soaked in tallow, or by the operation
of some metallic surface urged by springs, techmcally called
metallic packing.
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26. The efficiency of the operation of the piston greatly
depends on its being steam-tight mn the cylinder. The least
leakage from the one side to the other would cause the
steam to escape to the vacuum side. It is true that, arriving
there, it would immediately rush to the condenser so that
it might not sensibly impede the action of the piston, but it
would still be a source of waste of power.

27. Pistons are rendered steam-tight either by vegetable
or metallic packing.

28. A common hemp-packed piston consists of two
circular metallic plates, placed one above the other, and
connected together by screws: in the space between these
two plates, round the edge, is left a cavity which is filled with
unspun hemp or soft rope, called gaskez, which, being wound
round the piston, is compressed into an uniform and compact
mass by screwing the top and bottom of the piston together.

29. This packing is pressed afterwards so as to be forced
against the surface of the cylinder; it is lubricated with
melted tallow, let down on the piston from a funnel inserted
m the top of the cylinder, and governed by a stop-cock, so
a8 to prevent the escape of the steam.

80. In the most improved modern engines, however,
metallic packing is generally used. Between the two plates
forming the top and bottom of the piston are placed a
number of metallic rings, one above the other, so as to fill
the space between the two plates, and having their diameters
a little less than that of the cylinder: these rings ure usually
cut into three or four segments, the points at which each
ring is cut not corresponding with those at which the rings
above and below are cut. 'Within these segments are placed
springs, which, acting from the centre of the piston, urge
the segments against the surface of the cylinder. The
construction of these and the form of the cylinder itself
have been brought to such a degree of precision, that these
pmtons act with complete eﬂiw:y ; and use, instead of
injuring, improves them.
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81. In all the preceding explanations it has been supposed
that the steam is admitted at either end of the cylinder at
the moment that the piston has arrived there, and is about
to commence its action in the opposite direction. In
practice, however, it is convenient to admit the steam a
little before the moment when the piston reaches the extre-
nity of the cylinder: this is attended with the advantage of
its assisting to break the shock which would attend the
sudden change in the direction of the motion of the mass of
matter composing the piston and rod, and the other parts
of the machinery which partake of their alternate motion.
The steam admitted just before the motion of the piston is
reversed acts as a sert of cushion to receive the piston.

82. These and other matters of practical detail in the
operation of the engine render the time of opening the valves
a very important matter, and machinery is accordingly pro-
vided for regulating the moment of their opening with the
greatest certainty and precision.

CIIAP. XI.—IIOW THE ALTERNATE MOTION OF THE PISTON-ROD IS
CONVEYED TO THE WORKING BEAM.

1. With few exceptions, the power exercised by the piston
in a steam engine is in the first instance imparted to a beam
called the working beam, which is supported on a fixed axis,
and which vibrates alternately upwards and downwards.

Now it may at first view appear that we might at once
impart the motion of the piston to the beam by attaching its
extremity to that of the beam by a common joint and pin, but
the slightest reflection will show that such an arrangement
would be incompatible with what has been already stated.

2. It will be remembered that the piston-rod is a thick
rod of iron, accurately formed and polished, that it is firmly
attached to the centre of the piston, and that the construc-
tion and operation of the cylinder and piston require that
the rod should accurately move in a straight line upwards
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and downwards. Now the end of the beam, which vibrates
alternately on a horizontal axis, will move alternately
upwards and downwards, but not in a straight line. It will
move alternately in the arc of a circle, the centre of which
will be that of the axis on which the beam vibrates. Ifthen
we attempt to c.nnect immediately the end of the piston
with the end of the beam, the consequence will be that the
end of the piston, following the motion of the end of the
beam, will be moved alternately upwards and downwards in
a circular arc, and consequently would be strained or bent
and its action in the cylinder disturbed.

8. There are several ways of surmounting this difficulty,
all of which consist in interposing between the end of the
piston-rod and the end of the beam some piece of mechanism
which will allow the rectilinear motion of one and the alter-
nate circular motion of the other.

4. The most simple expedient of this kind consists of a
rod of metal, working at one end by a pivot on the beam,
and at the other by a pivot on the end of the piston-rod. In
this case, however, there would still be a liability to straining
the piston-rod from its rectilinear motion, were it not regu-
lated by some species of guide. A common method of
effecting this is to attach to the top of the piston-rod a cross-
piece, so a8 to make with it a form like the letter T. The
ends of this cross-piece are made to move on fixed upright
rods, so that these last may resist any tendency to strain the
piston. The joint or joints connecting the piston with the end
of the beam may be attached to the ends of the cross-piece.

5. It is not indispensably necessary that a beam should be
employed at all, and in some engines of small magnitude
and compact form it is omitted. A rod is brought from the
cross head of the piston directly to the object which the
engine is intended to drive.

6. Inmany cases, and especially in the large class of steam
engines used in England in manufactories, the piston-rod is
connected with the beam by a contrivance called a parallel
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motion. This is a combination of rods, so arranged and
joined together, that while one of their pivots is moved
alternately in a circular arc, like the end of the beam, some
point upon them will be moved alternately upwards and
downwards in a straight line.

7. A great variety of combinations and proportions are
capable of effecting this with sufficient precision for all
mechanical purposes, but that which is best known as the
parallel motion, and which is due to the invention of the
celebrated Watt, is in principle as follows:

8. Let two equal rods ¢ B and o » be attached by pivots
to two fixed points at ¢ and o, on which they shall be at
liberty to play alternately upwards and downwards in the
circular arcs B' 8" and »’' p": but let their play be limited
to small arcs. Now let a third rod B D be connected by
pivots with the ends of the two former.

Let a point m be marked at the middle of the rod B .
Now if ¢ » be made to vibrate on its centre, ¢ alternately in
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the arc ®' B", which will cause at the same time o » to
vibrate alternatelv in the arc o’ ", it will be found that the
point M will ascend and descend in a line M' M", which will
not deviate sensibly from a straight line, in a vertical
direction ; in fact, if a pencil were attached to the point
and a surface held behind it, such pencil, by the motion of
the rods, would trace a vertical line upon the surface.

Now if we imagine ¢ B to represent the beam of the engine,
and 0 » and B D rods connected with it in the manner
already described, o being attached to a fixed pivot, then the
point M, being attached to the top of the piston-rod, will
move with it freely upwards and downwards in a true vertical
line, and will, through the combination of rods just described,
impart motion to the end of the beam =.

9. To demonstrate strictly this would require the applica-
tion of mathematical principles not compatible with our
present object ; nor indeed is it strictly true, in a geomet-
rical sense, that the motion of the point M takes place in a
straight line: its deviation, however, from a vertical line,
within the limits of the play given to the beam and piston, is
80 extremely small as to have no practical effect whatever.

The general effect of the combination here described may
be understood thus. When the point B is moved upwards
to B/, the upper extremity of the rod B » is drawn a little to
the right, and at the same time the lower extremity », being
moved to D', is drawn a little to the left. When the ex-
tremity B descends to B", the extremity » descends to »",
and the ends are again drawn, the one a little to the right,
and the other a little to the left. It will be easily under-
stood that in this case, while the ends of the rod B » are
thus alternately made to move right and left, there will be
an intermediate point of it which will neither deviate on the
one side nor on the other. The upper half of the rod, in
fact, is continually inclined towards the right, and the lower
half towards the left, the middle point being affected by
neither motion, and therefore being moved vertically up-
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wards and downwards in a direct straight line. This is the
principle of the parallel motion.

10. In its practical application it appears somewhat more
complicated, for in order to accommodate the arrangements
of the beam and piston-rod, a great number of rods and
joints are necessary to be used ; but these are mere matters
of mechanical convenience, and have no effect upon the
principle of the arrangement.

It is therefore now apparent that the alternate motion of
the piston-rod upwards and downwards in a straight line
imparts a corresponding alternate motion to the end of the
working-beam in a circular arch.

11. Although we have, as usual, here described the
arrangements as if the cylinder were vertical and the beam
placed over the piston-rod, this position is neither necessary
nor is it invariably adopted. ~Sometimes the beam is placed
below the cylinder, and the rods of the parallel motion or
connexions, with the cross head and guides, are made of
sufficient length to extend down to the beam. Sometimes
the cylinder is horizontal and the beam vertical, and cases
even occur in which it is found convenient to place the
cylinder in an inclined position; but all these are matters
of arrangement to be determined by the circumstances in
which the engine is applied, and have nothing whatever
to do with its mechanical principle.

CHAP. XII.—HOW TIHE ALTERNATE MOTION OF THE WORKING
BEAM PRODUCES A MOTION OF CONTINUED ROTATION.

1. Of all sorts of motion, that which is most frequently
required in the arts, is one of continued rotation. Mills in
factories of every kind are impelled by machinery which
receives its motion from a wheel kept in constant rotation.

Ships impelled by steam engines over the deep are driven
by paddle-wheels or screws, to which constant rotation must
be imparted. Carriages on railways are propelled by com-
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pelling one or more of their wheels to revolve continually by
the application of adequate power to it. This is so evident,
that one of the first and most important problems the steam
engineer has to solve, is how to make the alternate motion
of the piston-rod produce the continued rotation of a wheel.

2. The contriv-
ance by which this
is effected almost
universally is call-
ed a connecting-rod
and erank.

The crank is
an arm sometimes
attached to the
centre of the wheel
towhichrevolution
is desired to be
imparted, and the
wheel is made to
revolve by it by
the same mode of
action as that by
which a winch
{ turns a windlass.

Thus, if x be the
centre to which
motion is to be

E é \ imparted, K I is an
{?‘;",} f“‘ j} arm or lever fixed
= upon such centre.

. A pin, called the
HS - ] m(? crank-pin, is at-
< () tached to this st 1,
4 ~* which forms the
jomt by which the connecting-rod is united with the crank.
1 H i8 & strong iron rod, extendirg from the crank-pin to the

M

H
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end of the working beam, with which it is connected by a
similar pin. The weight of this connecting-rod is so adjusted
that it exactly balances the weight of the piston and its rod
attached to the other end of the beam. In the figure the
crank is represented by dotted lines in the different positions
which it assumes as it revolves. As the end of the beam is
moved upwards and downwards, the crank will be turned
round the centre x, and a motion of continued rotation will
be produced, which will be communicated to any wheel
fastened upon the axle k.

8. To make the action of the piston upon the crank
perfectly clear, let it be supposed that the piston is in its
descending stroke. The force of the steam upon it is im-
parted by the rod and the intermediate mechanism to the
end of the beam which is drawn down. At the same time
the other end of the beam, with the connecting-rod, is drawn
up. The crank is thus made to ascend from its lowest to
its highest position, to which it arrives when the piston has
reached the bottom of the cylinder. 'When the piston
ascends, the force of the steam is in like manner transmitted
to the beam by the piston-rod, which is made to ascend, and
the opposite extremity, with the connecting-rod, descends,
by which the crank is driven down to its lowest position on
the side opposite to that on which it ascended, and thus a
motion of continued rotation is produced.

4. But in this action there are particulars necessary to be
noticed. There are two positions which the crank assumes,
in each revolution, at which the force of the piston can have
no effect in continuing its motion : these positions are those
which the crank assumes when the piston is at the top and
at the bottom of the cylinder, the points at which it changes
the direction of its motion. When the piston is at the
bottom of the cylinder, the crank-pin is immediately above
the axis to which the crank is attached : in this position the
force of the piston would have no other effect than to press
the crank perpendicularly upon the axle, and evidently would
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have no effect whatever in making it revolve. If we were to
suppose, then, the entire machinery at rest in this position,
the steam acting on it could not put it into motion.

8. Again, if we suppose the piston to be at the top of the
eylinder, the crank-pin will then be at its lowest point, and
will be directly under the axle: the effect of the steam acting
above the piston would then be to press the crank-pin up-
wards against the axle, but it could have no influence in
turning it. If, therefore, the machinery were at rest in this
position, it could not be put in motion by the steam.

In any intermediate position, however, the connecting-rod
would act on the crank with a leverage more or less effective,
and would move it.

6. The two points which we have here described, at which
the crank-pin assumes its highest and lowest position, are
usually called the dead points.

Now it may be asked why the engine does not cease to
move every time the cmnk-pin arrives at these dead points,
seeing that there the moving power, however energetic, can
have no effect on it.

7. The answer is, that the machinery is extricated from
this mechdnical dilemma in virtue of the common property
of matter called inertia, by reason of which, when it has
acquired any definite motion in any certain direction, it
will not suddenly stop, even though it be impelled by no
external force, but will continue to move until the
momentum it had acquired be exhausted by friction and
other resistance.

8. Since, then, the motive power continues to exercise
more or less force up to the dead points, the machinery,
arriving at them, has some definite motion, and the momen-
tum consequent upon that motion carries the crank out of
the critical position we have referred to.

9. But, independently of the dead points, there are other
circumstances attending the action of the connecting-rod on
the crank which are necessary to be explained. By the
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intervention of the beam, the force of the piston is trans.
mitted to the crank-pin in the direction of the connecting-
rod. Now by observing the diagram above given, showing
the successive positions of the connecting-rod and crank,
it will be seen that twice in each revolution the connecting-
rod is at right-angles with the crank, but that in other
positions it is more or less oblique to it; the extremes of the
obliquity terminating alternately in the dead points, in one
of which the connecting-rod and crank are brought into a
continued straight line, and in the other the crank is as it
were doubled on the connecting-rod.

10. Without resorting to the language of techmical
geometry, it will be apparent that the action of the conneect-
ing-rod on the crank is most energetic when they are at
right angles; and that according as they become more and
more oblique, and approach the dead points, the action
becomes less and less effective. It diminishes rapidly in
approaching these points, and is altogether extinguished on
arriving at them. It appears then that the action of the
connecting-rod on the crank is subject to a regular variation
in each semi-revolution : & maximum when they are at right
angles, it diminishes, and at length vanishes when it arrives
at the highest point; then, in descending, it re-appears,
augments, and is a maximum at the point where they are at
right angles ; then it again diminishes gradually, and ulti-
mately vanishes at the lowest point, having passed which, it
again re-appears, augments, and is a maximum when it
assumes its rectangular attitude.

11. Now although the inertia of that portion of the
machinery which is once put in revolution be sufficient to
prevent the motion from ceasing, and the engine coming to
a dead lock when the crank-pin comes to the dead points,
yet it is not generally sufficient to prevent a very great
inequality of motion from arising from the cause which we
have here explained. An expedient accordingly has been
resorted to, which perfectly counteracts this inconvenience,
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and equalises the motion. This expedient is the fly-wheel,
which we have already described.

+ 12. The fly-wheel is placed on the same axle x s the
crank, and it is made to revolve simultaneously with the
crank. This wheel is so nicely balanced on its centre, and
moves with so little friction, that it absorbs a very incon-
siderable portion of the moving power. It is usually made
of very large diameter, and its ring or circumference is com-
posed of a very ponderous mass of metal. All this metal is
put in motion by the moving power, and, from its great
mass, has a considerable momentum even when the velocity
is moderate. 'When the crank is at the dead points, this
mass, by its momentum, continues the revolution, and
carries the crank into a new attitude, where the moving
power exercises an influence on it. "When the crank and
connecting-rod are in such position in which their action
is most energetic, the fly-wheel absorbs a part of the
moving power. As the crank approaches the position in
which the action of the moving power upon it becomes
enfeebled, the fly-wheel gives back to the machinery such
surplus power as it received when the action of the crank
was most energetic.

18. Between the fly-wheel and the engine there is, there-
fore, a continual reciprocity of action and interchange of
power, which in practice completely equalises the velocity ;
and there is in fact no perceptible difference between the
speed of the movement at the dead points, where the moving
power loses its influence, and at the middle of the stroke,
where its action is most effective.

14. To minds not very familiar with mechanical con-
siderations, it may seem extraordinary that the intense
action of the moving power upon the fly-wheel at the middle
of the stroke should not at these points produce a perceptible
acceleration in its motion, and a corresponding irregularity,
therefore, in the motion of the machinery which it drives;
but it must be considered that ‘the excessive mechanical
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force exerted at the middle of the stroke is imparted to a
great mass of metal collected in the rim of a very large
wheel. Now the velocity which a given force produces is
diminished in the direct proportion of the mass of matter to
which it is imparted: thus a force which would give a certain
speed to & ton of metal would give only a tenth part of such
speed to 10 tons. The weight collected in the rim of the
fly-wheel is so great that the excess of power of the engine
at the middle of the stroke, when imparted fo it, produces
an inconsiderable increase of speed. But this increase of
speed, inconsiderable as it is, is produced on the circum-
ference of a very large circle, and the mass of matter thus
moved must be carried through a very considerable space in
making even a single revolution. Thus, what between the
great mass of metal collected in the rim of the fly-wheel
and the great diameter of the fly-wheel itself, the unequal
action of the crank is rendered absolutely imperceptible.

15. In elementary works on the steam engine, sometimes
proceeding from persons who, however respectable their
practical attainments, are deficient in mathematical know-
ledge, the crank is often represented as an imperfect con-
trivance, and an extensive source of waste of power, owing
to unequal action.

Nothing can be more fallacious than the reasoning of such
writers. It can be demonstrated by the most strict geome-
trical reagoning, and the result is verified by experience,
that in the action of the crank and fly-wheel there is no
other loss of power than such as is incidental to the common
and well understood causes of friction and atmospherie
resistance.

16. Owing to such fallacious notions, much valuable
inventive power has been wasted in attempts after the
contrivance of what are called rotatory steam engines.

A rotatory steam engine is one by means of which a
movement of continued rotation may be immediately given
to a piston, or in other words, by which the power of the
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steam can be immediately applied to a revolving wheel
without the interposition of & piston, cylinder, beam, and
erank. If such an application could be contrived without
the various countervailing losses of power which have hitherto
invariably attended such projects, it would certainly have
some advantages; but it is not easy to see how such an
object can be attained, and at all events, notwithstanding
the expenditure of & vast amount of ingenuity and capital, it
has never yet been effected.

17. Cases occur in the arts, in which a fly-wheel cannot
conveniently be attached to the steam engine, and yet where
uniformity of action is neeessary. In such cases the object
is usually attained by using two cylinders, which drive two
cranks constructed on the same axle, but having such
positions that when either is at its dead point, the other is
at its point of maximum efficiency. Thus, while the efficiency
of one crank increases, the other diminishes, and vice versd,
and the sum of their actions at all times is nearly the same.

CHAP. XIIL.—HOW THE STEAM ENGINE I8 RENDERED
A SELF-ACTING MACHINE.

1. We have already stated that this is accomplished by
making the engine open and close, at the proper times, the
valves by which steam is admitted to and discharged from
the cylinder. In the earlier engines this was accomplished
by & bar or rod attached to the end of the working beam,
and carried down parallel to the cylinder. On this bar were
attached pins, so placed that as it ascended and descended
they struck the handles or levers of the respective valves,
and opened or closed them, as the case might be. This
method is still used in some of the larger class of engines
applied to the pumping of water. Where slides or cocks
are used (as indeed is almost invariably the case), they are
generally moved by an apparatus attached to the crank shaft,
called an eccentric.

2. This consists of a circular pldte of metal B, which is
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fixed upon a point @ at some distance from the geometrical
centre. Round this eccentric point it is made to revolve,
and in revolving it 18 evident that its geometrical centre,
revolving round its centre of motion, will be thrown alter.
nately to the right and to the left of such centre.

8. Now let us suppose this circular plate to be surrounded
by a ring, within which it is capable of turning, but so that
the ring shall not turn with it.

Then such ring will be thrown alternately to the left and
to the right of the centre on which the eccentric plate is
made to turn, and the length of its play, right and left, will
be equal to twice the distance of the geometrical centre of
such circular plate from the centre on which it turns. In
the figure annexed, @ is the centre on which the circular
plate revolves; c is its geometrical centre; r 1 is the ring
which embraces it, and within which it can turn. To this
ring is attached a grated bar L M 5. As the centre ¢ is

thrown alternately right and left of @ by the revolution of
the plate, the point M receives a horizontal motion, right
and left, to a like extent. This motion is transmitted by
means of levers to the slides or cocks of the engine by obvious
and well-known mechanical contrivances.
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CHAP, XIV.,—HOW THE MECHANICAL EFFECT EXERTED BY
THE PISTON I8 ASCERTAINED.

1. Whatever be the circumstances under which the engire
is worked, it will never happen that throughout the entire
length of the stroke the pressure of steam on the piston will
be exactly the same. Still less will it happen that the
vacuum towards which the piston moves will be uniformly
perfect.

The moment the exhausting valve is opened, the steam
begins to rush from the cylinder to the condenser, but its
condensation is not instantaneous. The first portion which
mingles with the jet produces warm water, from whence
steam is reproduced, and it is not until so much cold water
has been mixed with the steam as will reduce its temperature
considerably below 100° that the vacuum in the cylinder
will become practically perfect.

2. The more speedily this effect is produced, the more
efficient will be the operation of the machine, but it never is
produced until the piston has already made some portion of
the stroke. The pisfbon therefore begins to move against a
vapour which offers some resistance more or less considerable,
and the impelling power of the steam at the other side is to
such extent neutralised. This resistance gradually dimin-
ishes, and when the piston has made a certain portion of the
stroke, it will have been reduced to its minimum amount.

It is evident then that this resistance must be ascertained
and calculated before we can determine the mechanical effi-
ciency of the piston.

8. But this is not all; the steam which impels the piston
never acts throughout the stroke with uniform effect. "When
it acts expansively, being cut off at some determinate point
of the stroke, we have already seen that it acts with an
uniformly diminished pressure; but even where the expan-
sive principle is not used, the steam is still cut off a little
before the completion of the stroke. '



ON THE STEAM ENGINE. 49

4, Thereis still another point to be attended to. Weare
able by easy means to ascertain the pressure of steam in the
boiler, but it would be a great mistake to assume that this
must be the pressure of the steam in the cylinder. In
passing from the boiler to the cylinder, the steam has to force
its way through various passages, some of which are very con-
tracted, and in so doing it suffers an effect which engineers
express technically by the term wire-drawn. In fact, the
steam loses somwhat of its density before it reaches the
cylinder. Ifthen we would know the real mechanical pressure
on the piston, we must measure directly the pressure of the
steam in the cylinder, and not derive our knowledge from
its pressure in the boiler.

5. If we can at each successive point of the stroke ascer-
tain the exact pressure of the steam which impels the piston,
and also the pressure of the uncondensed vapour which
resists it, we have only to subtract the one from the other to
wbtain the efficient pressure on the piston at the moment;
and if we can do this successively throughout the entire
stroke, we shall obtain the total mechanical efficiency of
the engine.

6. A beautiful little instrument was, among the numerous
results of his fertile genius, invented by Watt for this pur-
pose, called an indicator. (See Chapter xxviL., title ¢ Watt's
Indicator.” Tt consists of a brass cylinder, something less
than 2 inches in its internal diameter, and from 8 to 12
inches in length. It is bored with extreme accuracy, and
a solid piston moves steam-tight in it with very little
friction.

7. This cylinder is open at the top, and the piston-rod is
kept precisely in its axis by passing through a ring placed
near the top. A spiral spring surrounds the rod of the
cylinder, and is attached at one end to the ring through
which the rod plays, and at the other end to the piston.
‘When no force acts on the piston, and this spring is there-

fore neither extended nor ‘compressed, the piston stands at
D
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the centre of the length of the cylinder; when any force
presses the piston upwards, the spring is compressed, and
the piston rises; and when any force presses the piston
downwards, the spring is extended, and the piston descends.

From the known mechanical qualities of a spring of this
species, it follows that the space through which the piston
rises or falls always indicates the force by which it is urgea.

At the top of the piston-rod, and at a right angle with it,
is attached a pencil, which plays upon a card properly placed,
and traces upon it a line according to the ascent or descent
of the piston.

‘While the piston of the engine descends, the card is moved
horizontally against the pencil through a certain space; and
while it ascends, it is moved back again through the same
space: by this combination of movements a geometrical
figure is traced upon the card, the breadth of which, measured
vertically, represents for each point of the stroke the effective
pressure, and the entire area of such figure represents the
total effect.

‘When the steam acts against the piston of the indicator,
the space through which that piston ascends represents the
excess of the pressure of the steam above that of the atmo-
sphere; and when it descends by reason of the vacuum, the
space through which it descends represents the excess of the
pressure of the atmosphere above the pressure of the uncon.
densed vapour: consequently the sum of these two spaces
will represent the excess of the pressure of the steam which
impels the piston of the engine above the pressure of the
uncondensed vapour which resists it; and this being taken
for each successive point of the stroke, it follows that
the entire area of the figure will represent the effective
action of the piston of the engine. This will be more clearly
understood by referring to the figures, with their explana-
tions, in Chap. xxvII.

8. The chief value, however, of this contrivance consisted
more in its indication of the actién of the condenser than as
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affording a direct measure of the effective action of the
machine. It showed at once, and in a manner quite
unequivocal, whether the condenser was doing its duty, and
whether the condensation was sufficiently prompt. The
moment the exhausting valve is opened, the piston of the
indicator ought suddenly to drop; and although it will sink
lower while the stroke proceeds, the chief motion should be
instantaneous. 'When the condensation is not prompt, then
the piston falls more slowly, and shows either that there is
not enough water injected, or that some other impediment
interferes with the due performance of the condenser.

9. The best and perhaps the only practical method of
agcertaining the real efficient force with which a steam
engine acts, is to attach it to a water-pump, and meagure the
quantity of water which it is capable of raising through a
given height: every other test but this is fallacious.

CHAP. XV.—HOW THE HEAT IS PRODUCED BY WHICH
STEAM 1S MADE.

1. The cylinder, piston, beam, connecting-rod, crank, and
fly-wheel, are, like all other pieces of mechanism, a mere
contrivance by which mechanical force is transmitted and
modified. There is nothing in them by which mechanical
force can be produced. Once at rest, at rest they would for
ever remain, unless some motive power were applied to them.

2. This moving power, as we have already described, is
derived from the physical phenomena which are exhibited
when water is converted into steam ; but even the water, in
this case, cannot properly be regarded as any more than an
instrument by which the mechanical agency of the heat is
developed. Heat then is the prolific parent of the vaat
powers of the steam engine, and it is of the utmost practical
importance to comprehend fully how this heat can be pro-
duced and applied with the greatest economy and efficiency

3. This will lead us tothe consideration of those properties
of combustibles on which the production of heat depends,
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and the construction of the furnaces and boilers by means of
which its application and transmission are effected.

4. The combustibles universally used in the furnaces of
steam engines are either pit-coal or wood. The former is
used almost invariably in Europe, the latter is used in
America, except in particular districts where coal is advan-
tageously attainable.

5. The constituents of coal are chiefly carbon and a gas
called hydrogen, combined occasionally with & small propor-
tion of sulphur and incombustible matter.

6. In the process of combustion, the carbon, the hydrogen,
and the sulphur combine with the oxygen gas, which is a
constituent of the atmosphere, and other products are
formed. Inthis combination a quantity of heatis developed.
The incombustible constituents drop from the grate, and are
left in the ash-pit. The goodness of coal depends in some
degree on the small proportion of incombustible matter
which it contains.

7. The proportion of carbon contained n coal varies; in
good coal it is seldom less than 75 per cent. of the whole,
sometimes considerably more.

8. Hydrogen cannot be said to enter as a constituent of
coal in its pure and simple form. It is always combined
with a portion of carbon, and is the gas called carburetted
hydrogen, being that which is commonly used for the
purposes of illumination. This gas may be expelled from
conl by exposing the latter to heat, by which means the gas,
expanding, is forced from the interstices of the coal, and
may, if required, be collected in proper reservoirs. This
process, applied to the coal, is called coking; and it is in
this manner that the gas is collected in gas-works for the
purpose of illumination.

9. The proportion ,of carburetted hydrogen, the element
which produces flame, varies in different sorts of coal. The
more bituminous sorts, such as those of Northumberland
and Durham, generally have a considerable proportion ; the
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heavy coal called stone-coal, obtained in some of the coal-
fields of Wales, Pennsylvania, and elsewhere, have very
little. In all cases the proportion of this element by
weight is insignificant.

Carbon burns without flame, the product of the combus-
tion being the gas called carbonic acid, which escapes from
the fuel in a very heated state.

10. These are the general effects of combustion ; but for
the practical purposes of art, something more must be
learned. "We must ascertain with some degree of precision
the quantitative proportions in which the various elements
concerned in the phenomena are present. '

11. To begin, then, with the chief ingredient of all
combustibles, carbon,—

This substance, when heated to a temperature of 700° or
800°, equal to that of réd-hot iron, will enter into chemical
combination with the gas called oxygen; the result of this
combination will be another gas, called carbonic acid. In
forming this combination & large quantity of heat, previously
latent in the carbon and the oxygen, is rendered sensible,
and is developed in two ways: 1st, in rendering the remain-
der of the carbon incandescent, or white-hot; and 2ndly, in
raising the temperature of the carbonic acid which has been
produced to a very high point.

12. From the luminous or incandescent carbon the heat
escapes by radiation, according to the same principles and
laws that govern the radiation of light. That portion of it
which is carried off by the carbonic acid may be taken from
such gas by placing in contact with it any surface which is a
good conductor of heat, such as metal: the heat of the gas
will be imparted to the metal until the temperatures of the
metal and the gas be equalised.

13. But it is necessary to know the guantity of oxygen
gas which is requisite to combine with the carbon.

It is found that a poupd of pure carbon will enter into
combination with 12 cubic feet of oxygen at the ordinary
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temperature and pressure of the air, the result of the com-
bination being 12 cubic feet of carbonic acid, this being
supposed to be reduced to the same temperature and pressure.
But as the temperature of the carbonic acid, at the moment
of combination, is very much elevated, it will then have an
enlarged volume.

14. Common combustion, however, is maintained not by
an atmosphere of pure oxygen, but by that of the common
air.

15. Common air is a mixture of oxygen and azote, in the
proportion by measure of 1 to 4,—five cubic feet of common
atmospheric air containing but one cubic foot of oxygen. To
obtain 12 cubic feet of oxygen, therefore, we must necessarily
have 5 times 12, or 60 cubic feet of common air.

16. Supposing then (which is however in practice not the
case) all the oxygen contained in theetmospheric air supplied
to the fuel in combustion to enter into combination with
such fuel, it would be necessary to supply 60 cubic feet of
atmospheric air for every pound of carbon consumed.

17. The result of this combination would be the pro-
duction of 12 cubic feet of carbonic acid, formed by the
combination of the oxygen of the atmosphere with the
carbon, and 48 cubic feet of azote, which would be mixed
with the carbonic acid so produced. This volume of mixed
gasea would escape from the fuel at a very high temperature,
and would in this state pass into the chimney.

18. Hydrogen gas combines with 8 times its own weight
of oxygen, and the result of the combination is water, or,
more properly speaking, steam ; for it is rendered into the
vaporous form by the great heat developed in the combustion.

19. We have stated that a small proportion of sulphur
18 present in most sorts of coal. In burning, this produces
sulphurous gas. It is inefficient as to its heating power,
and insignificant in its quantity, but most injurious in its
effects on boilers. Coal, therefore, having much of this
element, should be avoided in steam boilers.
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20. To maintain the fuel in combustion, it is then evident
that it must be continually supplied with atmospheric air.
The rate of this supply will depend on the rapidity of the
combustion which is required, and the quantity and quality
of the fuel. The fuel is spread on a grate, between the bars
of which the air which sustains the combustion is admitted.
In passing through the fuel, the air enters into combination
with it, and the gases resulting from the combustion, in-
cluding uncombined oxygen and the azote of the atmospheric
air, which last plays no part whatever in the combustion,
issue together into the upper part of the furnace, all having
a very high temperature: these proceed to the chimney,
which they soon fill with a column of heated air, the buoyancy
of which makes it ascend into the atmosphere, and the vacuum
it leaves behind it draws a fresh portion of air through the
grate bars, and so the combustion is continued,

21. The azote which forms so large a constituent of
atmospheric air has qualities in relation to combustion
merely of a mnegative kind; it does not either check or
stimulate it. Thus, as a supporter of combustion, the
atmosphere may be considercd as diluted oxygen, the azote
having the same effect on the particles of the oxygen as
water would have upon a strong spirit mixed with it.

22. In what has been just explained, the calculations are
based upon the supposition that every particle of oxygen
contained in the atmospheric air, urged through the burning
fuel, enters into combination with it. Now this is not
and cannot be the case, even in the most approximative
sense; and therefore, to complete the combustion of the
fuel, a much greater quantity than 60 cubic feet of atmos-
pheric air for a pound of carbon consumed must be drawn
through the fire. The exact quantity which is necessary is
not capable of caleulation, for it depends on circumstances
which vary with the form and structure of the grate and the
mode of working the furnace: but it may be safely assumed
that not less than 150 cubic ée&;,t Io; ?nospheric air are
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necessary in ordinary furnaces for the combustion of each
pound of carbon contained in the fuel.

23. It will be understood that when the fuel is laid in a
stratum more or less thick upon the grate, and when rapid
currents of air are ascending through its insterstices, a
quantity of the fuel, always existing in a state of powder or
small dust, will be carried upwards by the current, unburned.

24. Besides this, as the heat expels the hydrogen gas
from the interior of the coal, minute partlcles of the coal
itself escape with the current, and rise above the fuel.
Much of this is also unburned, or, to speak scientifically,
uncombined with oxygen. It is this minute powder or dust,
uncombined with oxygen, that forms what is called smoke.
The gaseous products of combustion, properly so called, have
not the cloudy and opaque appearance which characterises
smoke. The smoke then is unconsumed fuel, and to what-
ever extent it is produced, it escapes into the chimney, and
is a source of waste. It is clear, then, on the grounds of
economy, independently of sanitary considerations relating
to the neighbourhood of the engine, that the quantity of
fuel, more or less, thus escaping should be arrested, and
burned before it reaches the chimney.

25. Various methods have been adopted in furnaces for
accomplishing this object. Such arrangements are denomi-
nated smoke-consuming furnaces; but very simple and
obvious arrangements may be adopted in the mode of feeding
common furnaces, which will have the effect of consuming
the smoke.

26. The following arrangement was adopted with complete
success at the establishment of the late Mr. Watt, at Soho,
Birmingham, and it has been found equally efficacious where-
ever the fire-men have been kept under sufficient discipline
to enforce its observance.

27. The grate must be constructed with a slight descent
backwards,to give facility to the removal of the fuel from the
front towards the back of the grate. Let us suppose a layer
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of coal of the proper depth spread over the entire surface of
the grate, and brought into vivid combustion, so that every
part of it shall be incandescent. There will then be no
smoke,

The gases of combustion, mixed with the azote and uncom-
bined oxygen, of the atmospheric air, will alone issue from
the burning fuel. The doors of the furnace being mnow
apened, the fire-man, with a proper instrument, pushes back
& portion of the fuel from the front towards the back of the
grate, so as to make a clear space across the front of the
furnace. Me then introduces a quantity of fresh fuel, which
he spreads in a layer of a proper thickness over the portion
of the grate which he hag thus cleared, and closes the doors.
The heat immediately begins to expel the hydrogen from the
fuel thus introduced, and, technically speaking, cokes the
fuel. 'With the hydrogen escapes a quantity of dust and
minute portions of coal, forming smoke. This smoke and
gas are carried by the draft to the back of the grate, where
the cntrance of the flues is placed, and in passing through it
is carried over the remainder of the fuel, which is in vivid
combustion.

28. The gas and smoke are thus burned, and this con-
tinues until the portion of fuel in front of the grate has
been completely coked and reddemned. The fire-man then
opens the doors, and repeats the process as before, shoving
this portion back, and introducing a fresh feed.

29. After this manner, without any special smoke-con-
suming apparatus, the fuel is completely burned, and no
smoke is ever seen issuing from the chimney.

80. To perform this, however, effectually, requires much
attention and activity on the part of the fire-man, frequent
feeding, and a careful distribution of fuel on the grate.

31. In general it is difficult to enforce from such agents
the necessary attention. The fuel in the grate is allowed to
burn down, and then the doors are opened and a large
quantity thrown in, heaptd on every part of the grate from

D3
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the back to the front: when this takes place, a prodigious
volume of black smoke is suddenly evolved, which is seen
issuing from the chimney, and continues to issue from it
until the mass of fuel has been coked; it then ceases, and
the combustion is free from smoke until a fresh feed is
introduced.

82. It must be admitted, however, that the process above
described, for the complete combustion of the fuel and
the prevention of smoke, is mot without countervailing
disadvantages.

83. Instead of large feeds of fuel at distant intervals of
time, it supposes smaller and more frequent feeds; instead
of the fuel being quickly and carelessly thrown m, it is
carefully distributed upon the grate bars.

34. This supposes the frequent opening of the furnace
doors, and the keeping them open for greater or less
intervals.

85. Cold air thus rushes in over the fuel, where it ought
never to be admitted, and has the tendency of robbing the
boiler of a portion of the heat which it ought to receive.

To remedy this, smoke-consuming furnaces have frequently
attached to them self-acting feeders. The fuel, being broken
by proper machinery, is sprinkled on the grate by means of a
hopper, and the grate itself, after it has received its charge,
moves from under the hopper by contrivances provided for
that purpose. Revolving grates have been sometimes
adopted with this view. Such contrivances, however, not
only introduce complexity into the machinery, necessitate
expense of construction, are liable to become deranged by
wear, but also require a portion of the moving power to
work them. These disadvantages are to be weighed against
those attending the operation of the simple furnace, properly
tended. I have, however, known these self-acting furnaces,
m places where fuel was expensive, in operation for years
with much advantage.

86. If the heated gases proceedmg from the fuel passed



ON THE STEAM ENGINE. 59

directly to the chimney, they would carry with them a much
greater quantity of heat than would be necessary to maintain
the draft, and thus a portion of the heat developed by the
fuel would be lost. To prevent this, the heated air and
flames which escape from the fuel, instead of passing directly
to the chimney, are conducted through passages of greater
or less length in contact with the boiler, and made to impart
a portion of their heat to the water before they enter the
chimney. These passages are called flues, and are very
variously constructed, according to the form, magnitude, and
application of the boiler.

87. In some boilers the flues are made to wind round
them, the external part of the flues being made of brick-
work, which, being a bad conductor of heat, takes but little
from the heated air and flame.

88. The shape and proportions of boilers are so adapted as
to accommodate them to such systems of flues. The great
object is to adopt such arrangements as shall secure the
transmission to the water of all the heat developed in the
combustion of the fuel, except such portion of it as may be
necessary to maintain a sufficient draft in the chimney.

39. The boilers most commonly used are either cylindrical
or waggon-shaped. The cylindrical boilers are generally long
in proportion to their diameter, and their ends are often
spherical. This shape is highly conducive to strength, but
in some cases their ends are made flat.

40. The waggon-shaped boilers resemble, as their name
imports, an oblong waggon: the roof is semi-cylindrical ;
the sides either flat or slightly concave, the convexity being
inwards ; the bottom is also slightly concave ; the furnace is
placed at one end of the boiler, having a portion of the con-
cave bottom for its roof. The flame and heated air passing
from the grate are carried backwards through a flue which
extends the entire length of the boiler. Thus the radiant
heat of the fire, issuing_directly from the grate, strikes on
the concave bottom of the boiler, which is immediately above
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the grate, and enters the water. The flame and heated air
pass through the fiue under the boiler to the remote end,
and act upon the remainder of the bottom: having arrived
at the remote end, they rise to a point a little above the
bottom, and then are conducted through a flue which winds
completely round the boiler; and after circulating round it,
the heated air is conducted to the chimney. In this way it
will be seen that the flame and heated air traverse the
length of the boiler three times, once at the bottom, and
once at each side.

41. In cylindrical boilers the furnace is generally placed
within the boiler, in a large tube which extends from end to
end of it. In one end of this tube is placed the grate, and
the remainder of it forms a flue. By this arrangement all
the heat which radiates from the fire, and even from the
ash-pit, acting upon this internal tube, is communicated to
the water. The heated air, traversing the tube to the remote
end, imparts its heat to the water by this means. Flues
circulate round the outside in the same manner as in the
waggon boiler.

42. In some cases more than one mternal flue is made in
the boiler, and the heated air passes alternately through the
interior of the boiler, in contrary directions, and is at length
discharged into the chimney.

43. Internal flues have the advantage of imparting all the
heat to the water, saving that portion which in external flues
is imparted to the brick-work.

44. In some forms of boilers, the grate being construeted
at one end, the flame and heated air, instead of passing
through a single internal flue, traversing the length of the
boiler, are distributed among three or more similar tubular
flues.

45, This subdivision of flues by the multiplication of the
number of tubes, and the diminution of their magnitude, is
carried to an extreme in locomotive boilers, in which from
100 to 200 tubes, not more than 2 inches diameter, traverse
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the length of the boiler, and divide the flame and heated air
into a multiplicity of small threads, so as to enable the water
to deprive them of their heat.

46. 'With these a system of returning flues becomes unne-
cessary, the reduction of the temperature being completely
effected in traversing the boiler once.

47. In some arrangements the flame and heated air passing
from the furnace enter a number of narrow upright cells,
placed parallel to each other, and traversing the length of
the boiler; arriving at the remote end, another tier of cells, at
a superior elevation, is provided, by which they return. This
is most commonly the expedient adopted in marine boilers.

48. The multiplicity and complexity of flues, whatever be
their forin, have the double disadvantage of increasing the
cost of the boiler and diminishing its strength. They are
therefore only resorted to in cases in which circumstances
exclude a great magmtude "end weight of boiler, such as in
locomotive and marine engines. In the boilers used in land
engines, the requisite evaporating power can be obtained with
more simple expedients, by merely augmenting the bulk of
the boiler.

49. The two great objects which are to be attained are—
rapidity of evaporation and economy of fuel.

50. The evaporating power of the boiler will depend (other
things being the same) upon the extent of surface which it
exposes to the action of the fire, the flame, and the heated
air. This surface is technically divided into fire surface and
Jlue surface.

51. By fire surface is meant all that surface of the boiler
upon which the radiant heat of the furnace acts.

52. In the case of a waggon boiler, this is that portion of
the bottom of the boiler which forms the roof of the furnace;
but in well-constructed boilers, the sides and even the bottom
of the furnace form part of the boiler, and contain water
within them. In such cases they are to be reckoned as part
of the fire surface,
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63. The flue surface, as the words import, is that portion
of the surface of the boiler in contact with which the flame
and heated air, proceeding from the fire, pass before they
issue into the chimney. This surface is usually of consi-
derable length, in order that the flame and heated air may
be detained in contact with the boiler until they have been
reduced to a temperature not greater than is necessary for
the draft.

54. Whatever be the length and arrangement of the flues,
1t i8 indispensably necessary that they should always be below
the level of the water in the boiler, for otherwise the heat
would be imparted to the metal of the boiler without being
transmitted to the water. Steam is a sluggish recipient of
heat, and metal in contact with it might become red-hot
while the steam itself will remain at a comparatively low
temperature. .

This would accordingly be the case if the fire or flame acted
upon any part of the metal of the boiler which has not water
within it. - .

55. In the economy of steam power, an object of capital
importance is to protect the machinery from every cause by
which heat can be consumed in any other way than in con-
verting water into steam. A great variety of expedients have
accordingly been adopted for this purpose, differing from each
other in their effects according to the circumstances in which
the machinery is worked.

56. A boiler being a mass of metal of extensive magnitude,
raised to a very elevated temperature, and this naturally
being a good radiator of heat, a considerable quantity of heat
would be lost by the mere radiation from its surface. The
obvious remedy for this is to surround it by some material
which is a bad conductor of heat.

57. One of the most effectual substances for this purpose
is common saw-dust; this is accordingly applied with great
effect in cases which do not exclude its use.

58. The boiler and its appendages are surrounded by &
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thick casing, stuffed with saw-dust, and so completely does
this expedient answer the purpose, that the boiler-room of
a Cornish engine, where this arrangement is applied, is often
the coolest place that can be found.

59. In marine and other engines, a coating of patent felt
is often used with advantage: hemp, and other fibrous and
woollen substances, may be resorted to.

60. Locomotive boilers are cased in wood, which is a
tolerable non-conductor. The cylinders of large stationary
engines are also frequently cased in wood. 4 The steam pipes
and other parts of the machinery containing steam are wrapped
with tow or other similar substances.

61. By these means the loss of heat by radiation may be
reduced almost to nothing.

62. Where fuel is used which burns with little or no flame,
such as stone-coal or coke, the chief effect is produced by the
radiant heat, and a comparatively small effect by the heated
air. In such cases the fire surface should bear a large pro-
portion to the flue surface. In all cases the fire surface,
being more active in proportion to its extent than the flue
surface, is more liable to wear by intense heating. It may
be said, that as the surface of the metal cannot rise to a
higher temperature than that of the water within, and as the
entire mass of the water within must be maintained at an
uniform temperature, the fire surface cannot rise above the
general temperature of the mass. This would be true if the
boilers and furnaces were worked by a moderate system of
combustion, the fuel being consumed very gradually and
the heat developed slowly, so that a fierce action should not
take place on any part of the boiler. Such is the case, for
example, in the boilers and furnaces of the Cornish engines,
where space is a matter of little importance, and the economy
of fuel pushed to its extreme limit; but in other cases these
advantages must be sacrificed, and a combustion so intense
maintained in the furnaces that the fire surface becomes
heated to a higher temperature than the water in contact
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with it, and to a much higher temperature than the flue
surface. The formation of steam in contact with the fire
surface is so rapid. that its bubbles do not escape to the
surface quick enough to keep the metal in continual contact
with water.

63. The metal, therefore, is momentarily out of contact
with water, and has a tendency to become overheated.

64. It is true that upon the escape of the steam bubbles
just formed the liquid will again wash the metal and lower
its temperature, lgut still this effect is such (in the case, for
example, of locomotive engines and sometimes of marine
engines) that the fire surface is exposed to much more rapid
wear by temperature than the flue surface.

CHAP. XVI,—HOW THE DRAFT THROUGH THE FURNACE OF
A STEAM ENGINE IS MAINTAINED.

1. The most common method of effecting this is by the
ordinary expedient of a chimney.

2. When the products of combustion are allowed to flow
through a chimney of sufficient height, the vertical column
of heated air thus formed has a certain buoyancy or tendency
to ascend into the atmosphere, proportional to the difference
between its weight and the weight of an equal column of
common air, This difference will be so much the greater as
the column has greater magnitude and height, provided only
that every part of it shall be, bulk for bulk, lighter than air.
Hence obviously follows the necessity of & chimney in
creating a draft, whether through the furnace of a steam®
engine or in any ordinary manner.

8. In stationary engines, as used in the arts and manufac-
tures, chimneys of any desired magnitude can generally be
attached to the engine. Itisnotnecessary that the chimney
should be immediately over or contiguous to the furnace ; it
may be placed at a considerable distance from it, provided
only it be connected with it by the proper air passages. This
is often a matter of convenience in factories, and we
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accordingly see the chimney frequently erected st a con-
siderable distance from the boilers and furnaces.

4. But in numerous applications of the steam engine it is
not practicable to use chimneys of such elevation, or so
placed, and in some cases the tube provided for the escape
of the products of combustion must necessarily be so short
as to afford no draft of appropriate amount.

5. Such is the case, for example, in locomotive engines : in
marine engines this is to some extent also true,—the chimney
must be comparatively short.

6. When sufficient length of chimney is not admissible,
we are compelled either to throw in the gases of combustion
at a very high temperature, so as to make up for want of
height in the column, or to adopt some other expedient for
creating a draft.

7. A wheel is sometimes placed in the flues where they
enter the chimney, by the revolution of which the gases are
driven up the chimney with a force proportional to the
velocity with which the wheel revolves. This expedient is
similar to a sort of bellows commonly used for domestic
purposes, and is called a fanner, and sometimes a blower. A
portion of the power of the engine is borrowed to keep this
wheel in motion. In this way an upward current is main-
tained in the chimney of any required power, and the
necessary draft sustained through the furnace.

8. Another expedient is used in locomotive engines, and
may always be resorted to where steam of high pressure is
used. This consists of a jez, or, as it is technically called, a
blast pipe, which is placed at the base of the chimney, and
presented upwards. A portion of the steam received from
the engine is allowed to escape by puffs, or even in a con-
tinued stream, through this pipe, and, being directed up the
chimney, creates the necessary draft.
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CHAP. XVI.—HOW THE MECHANICAL VIRTUE OF FUEL IS
) _ ESTIMATED AND EXPRESSED.

1. In explaining the mechanical effects of steam, it has
been already shown that whatever be the purpose to which
the force of & steam engine be applied, its effect may always
be represented by a certain weight raised a certain height.

2. Whether an engine be employed to drive a mill-wheel, to
propel a ship, or to draw a carriage, the tension or resistance
to be encountered at the working point may be universally
represented by an equivalent weight.

8. Thus it is easily understood, if a locomotive engine
draws a train of carriages, that the tension of the chain which
connects the engine with the train will be the same as if the
same chain, in a vertical position, had a certain weight sus-
pended to it; and the same will be true, whatever be the
nature of the resistance to the moving power, or the manner
in which this moving power may be applied.

4. It has been usual also to express the mechanical efficacy
by the number of pounds raised one foot ; for whatever be the
resistance, and whatever be the space through which the
moving power acts upon it, the effect can always be reduced,
as has been already explained, to an equivalent number of
pounds raised one foot.

5. The mechanical virtue of coals, thus explained and
applied to a steam engine, has been technically called the
duty of the fuel. Thus a bushel of coals consumed in the
furnace of an engine will enable such engine to exert at the
working point a mechanical effect equivalent to a certain num-
ber of pounds raised one foot high: this effect is the duty
of the fuel, or as is sometimes said, the duty of the engine.

6. The duty of the engine is therefore not the entire
mechanical effect developed by the fuel in producing evapo-
ration ; for a portion of the mechanical power of the steam
evolved in the boiler, and in some cases a very large portion

' of it, is expended in moving the machinery of the engine
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itself: all such portion is intercepted therefore between the
furnace and the working point. The duty, properly speak-
ing, is the net mechanical force developed by the steam, or
such portion only which is available for the work to which
the engine is applied.

7. The duty of engines -varies within very wide limits,
according to the purpose to which they are applied. In this
respect engines may be reduced to three classes :—1st, Such
as are used in the mining districts of Cornwall, where the
economy of fuel is pushed to its extreme limit ;—2ndly, The
stationary engines used in the manufactories generally, in
which class may also be included marine engines;—3rdly,
Locomotive engines on railways.

8. In the Cornish engines, where alone very accurate
observations are made on the mechanical effect produced,
and on the economy of fuel, it has been found, in some cases,
that by the combustion of a bushel of coals an effect has been
produced by the engine equivalent to 125 millions of pounds,
or what is the same, 62,000 tons, raised a foot high. This,
however, is not to be understood as an average result. In
producing it, the utmost care was taken to guard against
every source of waste of power.

9. The more common duty obtained from a well-managed
engine used in the mining districts has been from 80 to 90
millions of pounds, or at the rate of one million of pounds
raised one foot for every pound of coal consumed,—a result
remarkable enough in itself, and easily remembered.

10. In the ordinary stationary engines belonging to the
second class, where the same scrupulous attention to economy
cannot be orisnot paid, the duty, according to the commonly
received estimate, is in round numbers about 20 millions of
pounds for a bushel of coal, bemng four times less than that
of the good Cornish engines, and six times less than the duty
which has in certain cases been obtained.

11. In the locomotive engines worked on railways the
economy of fuel is of course still less ; but in this application
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of the engine the economy of fuel becomes & consideration
5o subordinate, that it need not be enlarged on here.

12. The great economy obtained in the engines used in

Cornwall is the result of a variety of contrivances, some of

_which, such as the protection of the machinery from radiation,
have been already mentioned. The boilers are constructed of
extraordinary magnitude, in proportion to the power expected
from them ; the furnace is of proportionate size ; the com-
bustion is slow; the heating surface is very extensive, and
the intensity of heat upon it very slight ; the flues are of
great length, and the heated air is not permitted to escape.
until the last available portion of heat has been extracted
from it; the fuel is managed in the furnaces with the most
extreme care, the combustion being perfect. Added to all
this, the steam is used at a pressure of from 85 to 50 1b. per
square inch above the pressure of the atmosphere, and the
expansive principle extensively applied.

18. In giving these last estimates of the duty of fuel in
the engines used in the manufactures generally, it is right to
observe, that owing partly to the difficulty of ascertaining the
actual mechanical effect produced, and partly to the negligence
of proprietors of engines, the estimates of duty are of the most
loose and inaccurate description. When an engine is applied,
a8 is generally the case in Cornwall, directly to the elevation
of water or other heavy matter, it is easy to observe the me-
chanical effect it produces; but when an engine is applied o
give motion to the works of a factory, to drive spinning-frames,
power-looms, or printing-presses, it is not so easy a matter to
reduce the effect it produces to an equivalent weight raised
a given height. In the case of locomotive engines the same
difficulty ought not to exist; yet it is surprising that until
a very recent period, errors the most monstrous prevailed
respecting the real mechanical effect produced by these
machines. It was, for example, long assumed as a maxim,
that the resistance offered by a given train of carriages to a
locomotive engine was independent of the speed, or in other
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words, the same at all speeds. This error was not brought
to light until the year 1838, when it was demonstrated, by a
series of experiments conducted by me, that the resistance
was augmented in a very high ratio with the speed. .

CHAP, xvm.—nov& THE POWER OF AN ENGINE IS ESTIMATED
AND EXPRESSED, AS DISTINGUISHED FROM ITS DUTY.

1. The duty, as we have seen, is the practical effect pro-
duced by the given weight of coal without reference to time.
Thus, whether a bushel of coal raises 20 millions of pounds
a foot in one hour or in ten hours, the duty of the engine is
exactly the same. But the power of the engine is quite
different.

2. The power of the engine is estimated by the mechanical
effect it is capable of producing in a given time.

‘When steam engines were first brought into use, the work
to which they were applied had been previously done by
horses who worked the mills. It was convenient, therefore,
and indeed indispensable, to express the mechanical capabi-
lities of these machines by declaring the number of horses
which one of them would supersede; and hence the term
now so general, korse-power, came into use. At first this
expression had but a vague signification, and was understood
by the manufacturers and capitalists who intended to employ
the steam engine in the literal sense of the actual number of
horses whose expense would be saved to them by it. But
after the engine had completely superseded horses in the
arts and manufactures, and it became necessary to express
its effects with greater precision, instead of abandoning the
term horse-power, an arbitrary signification was given to it
by Watt, which it has since retained. The word horse-
power, then, as applied to the steam engine, means the
capability of the engine to produce a mechanical effect per
minute equivalent te 33,0001b. raised one foot.

8. Thus an engine of 10 horse-power means one which in
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working is capable of producing a mechanical effect per minute
of 830,000 Ib. raised one foot, or an effect per hour equivalent
to 20 millions of pounds, very nearly, raised one foot.

4. When a steam engine is declared to be of such or
such a horse-power, the expression must be understood in a
qualified sense. Thus it is assumed that the furnace is
worked in a certain average manner, and that a proportional
evaporation takes place in the boiler. An engine whose
nominal power is that of 100 horses may, by urging the
furnace in an extraordinary manner, be made to produce an
effect much greater than that of its nominal power; or, on
the other hand, by keeping the furnace low, it may be, and
frequently is, worked considerably under its nominal power.

CHAP. XIX,—WIAT DIMENSIONS OF THE BOILER AND FURNACE
ARE NECESSARY FOR AN ENGINE OR GIVEN POWER.

1. The technical rules adopted by engineers for the pro-
portion of engines corresponding to any required power, are
generally understood as applicable only to the second class
of engines enumerated already, namely, those generally
used in the manufactories and in steam navigation.

2. The Cornish engines, on the one hand, and locomotive
engines on the other, are exceptional extremes, each being
worked in a manner peculiar to itself. In the one, much
larger dimensions are allowed for the production of a
given power, the action of the furnaces being of low
intensity ; while in the other, the dimensions producing a
given power are much smaller, and the consequent action of
the furnaces much more intense.

‘What we shall therefore state here will be understood to
have reference to the second class of engines above mentioned.

8. In calculating the mechanical force developed in the
evaporation of water, we have seen that one cubic inch of
water, converted into steam, produces a mechanical force
sufficient to raise a ton weight a foot high. It would there-
fore follow that to raise 20 millions of pounds a foot high,
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would require the evaporation of 1000 cubic inches of water.
But this calculation refers to the entire mechanical force
developed in the evaporation. A portion of this force is,
however, expended in moving the engine itself, and is wasted
in various ways before it reaches the working point; and it
is customary for engine-makers to allow for this from 35 to
45 per cent. of the entire mechanical force developed in the
evaporation. Now since there are 1728 cubic inches in a
cubic foot, it follows that by such an allowance for waste of
power, the net effect of a cubic foot of water evaporated per
hour would be one nominal horse-power.

4. Such is the general usage of boiler-makeérs, but it would
be most erroneous to assume that this usage is based upon
even a loose calculation: there can be no doubt that the
power expended in waste and uncondensed steam, and in
moving the engine in any tolerably managed machine, must
be considerably less than this. The error, however, lies on
the safe side ; it is better to have superfluous boiler power
than a stint of steam. A boiler having more evaporating
power than is needed, can always be worked as much under
its power as may bo desired; but when an engineer is
obliged to push a boiler above its legitimate power, both
waste and danger ensue. It must not therefore be assumed,
as has been done by some writers, that engine-makers adopt
these rules from ignorance. Although they do not in general
seek for an accurate knowledge of the amount of power
expended in moving the engine and in waste steam, they are
nevertheless fully aware that the allowance they make is
greater than its amount ; and in the absence of such exact
knowledge, it is clear they are right in adopting an excessive
-estimate.

5. From what has been stated, therefore, it follows that
for every horse-power which the engine is expected to exert,
a power of evaporating a cubic foot of water per hour is
provided in the boiler,

6. When the term horse-power is applied, therefore, to
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boilers, in reference to their capability of evaporation, it 1s to
be understood as indicating the evaporation at the rate of a
cubic foot of water per hour: thus, by a boiler of 50 horse-
power, is to be understood a boiler capable of evaporating
50 cubic feet of water per hour, the furnaces being worked
in the ordinary way.

7. The magnitude of the grate and the extent of heating
surface necessary to produce a given rate of evaporation, vary
more or less in different engines, and according to the prac-
tice of different engineers; but still, in common engines
used in the arts and manufactures, there are average
standards which it is useful to know.

8. Thus it is generally agreed, that the dimensions of the
grate necessary for a boiler of a certain power should be
regulated by allowing a squaroc foot of grate surface for
every horse-power in the boiler. Thus it follows, that as
much fuel is consumed per hour upon a square foot of the
surface of the grate, as is necessary and sufficient to evaporate
a cubic foot of water.

9. The dimensions of the surface of the boiler exposed to
the action of heat, whether by radiation or by the contact of
heated air in the flues, is generally estimated at the rate of
15 square feet for a horse-power. Thus a boiler of 50 horse-
power would require a heating surface of 750 square feet.

10. These are not only average standards from which
individual boilers and furnaces of the class we more particu-
larly refer to, vary more or less considerably, but they are
altogether inapplicable to the two extreme classes of boilers,
—the Cornish on the one hand, and the locomotive on the
other.

11. In the Cornish boilers a slow combustion is main-
tained on the grates, and although the fuel is placed upon
them in a thicker layer, the intensity of the heat from a given
surface is considerably less than in the ordinary boilers.
Accordingly, for a given rate of evaporation, at least double
the extent of grate surface is allowed. We find, therefore,
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that two square feet are given for every cubic foot of water
per hour to be evaporated.

12. In like manner, as in these boilers the heat acts
with less intensity on a given surface of the boiler, a pro-
portionally greater heating surface is necessary to produce
a given rate of evaporation. In these cases a still greater
departure from the common boiler is necessary ; and instead
of 15 square feet being allowed for a cubic foot of water per
hour evaporated, we find 4 and 5 times this surface given.

13. The flame and heated air are also made to traverse a
much greater length of flues before they enter the chimney.

14. Thus, while 60 feet length of flues are allowed in a
common wagon boiler, 150 or upwards are frequently given
in the Cornish boilers.

15. These circumstances will at once indicate the different
mode of operation, and the different quality of these two
classes of boilers.

16. The locomotive boilerisin the other extreme. Instead
of one square foot of grate surface evaporating one cubic foot
of water per hour, it usually evaporates 8 cubic feet. As
the heat developed in a given time may be taken as nearly
proportional to the water evaporated, it follows that the
calorific action of a square foot of the grate of a loco-
motive is 8 times that of a square foot of the grate of a
common stationary engine, and 16 times that of a Cornish
engine.

17. The intensity of the combustion maintained in the
furnaces of locomotive engines may be thus in some measure
conceived.

I have myself witnessed a set of new grate bars partially
fused and rendered useless in a trip of 80 miles. The splen-
dour of the burning fuel in these furnaces is sometimes so
intense, that it impresses the eye with the same pain as is
sustained in looking at the sun.

18. The Cornish boilers, which differ so extremely in their
wode of operation and effects from the locomotives, resemble
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them nevertheless very closely in their form. Both are
cylindrical, and the flues in both consist of metal tubes,
traversing the length of the boiler. In the Cornish boilers
the tubes are of iron, and of considerable diameter. In the
locomotive boilers they are of brass, and very small in
diameter.

19. The diameter of the Cornish boilers is usually about
3th of their length. Where great power is required, it is
found more convenient to use two or more boilers than one
of larger dimensions, A common proportion for these
boilers is from 36 to 40 feet of length, and from 6 to 7 feet
in diameter. The locomotive boilers are usually from 8 to
10 feet long, and from 3} to 4% in diameter.

20. The common published reports of the consumption of
fuel are usually given by expressing the weight of coal con-
sumed per hour per horse-power; but unless it be ascer-
tained that the real working power of the engine and the
consumption of fuel are equal to, and do not exceed its
nominal power, such reports lead to erroneous conclusions.
The common allowance of fuel for stationary engines and
marine engines, when working to their full power, is 10 1b.
per horse-power per hour. The consumption, however, is
undoubtedly less than this when the engines are properly
constructed and carefully worked: 7 and 8 1b. per horse-
power is a very common consumption for well-managed
engines. In the Cornish engines the common consumption
is little more than 5 lb. per horse-power per hour.

CHAP, XX.—WHAT DIMENSIONS OF THE CYLINDER AND OTHER
MACHINERY ARE REQUISITE FOR A GIVEN POWER OF ENGINE,

1. Nothing can be more vague, uncertain, and arbitrary,
than the rules adopted by enginecers in reference to this
problem. It may be truly stated that every engine-maker
has his own standards, to which he attaches invariably as
much infallibility as if this mechauical problem were capable
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of as certam and demonstrative solution as a problem in
common geometry.

2. It will be obvious, on the slightest consideration, that
the magnitude of the cylinder and piston necessary to pro-
duce a given working power, must depend on the pressure
of the steam after it enters the cylinder, and the velocity
with which the piston is driven, the degree of perfection of
the vacuum on the other side of the piston, and the extent
to which the expansive principle is introduced. In general,
however, it has been the practice to apply the calculation to
low-pressure engines, that is to say, to those in which the
steam, after it enters the cylinder, has not a pressure
exceeding the atmosphere by more than 4 or 5 1b. per square
inch, and in which the piston is supposed to move at the
average rate of 200 feet per minute. These conditions
being assumcd, and a good vacuum being sustained in the
condenser, 22 square inches of the piston are allowed for
every nominal horse-power of the engine.

3. Where these rules are observed, the nominal power of
an engine may always be obtained by dividing the number of
square inches in the surface of the piston by 22; or, whick
is the same, by dividing the square of the diameter of the
piston, expressed in inches, by 28.

4. Again, if it be required to find the magnitude of the
piston necessary for an engine of a given power, it is only
necessary to multiply the number expressing the power by
28, and the square root of the product will be the diameter
of the piston.

5. It must be carefully observed, however, that such rules
are only applicable so long as the piston moves with the
above velocity, and is urged by low-pressure steam at the
above rate.

6. Indeed, it may be observed generally that the mode
of expressing the mechanical capabilities of engines by
horse-power, frequently leads to most erroneous conclusions,
and it has lately been ‘accordingly much discontinued

E2
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among engineers and scientific men. In locomotive engines
it is not applied at all; nor, indeed, in the Cornish
engines. o

7. The proportion of the diameter to the stroke of the
cylinder, as its length is called, varies very much according
to the purposes to which the engine is applied. In marine
engines, for example, where the cylinder has a vertical
position, and the engine is stinted in height, the stroke very
little exceeds the diameter. In stationary land engines the
proportion of the diameter to the stroke is frequently that of
1to 2.

8. The dimensions of the air-pump, condenser, and other
parts of the engine, bear a certain proportion to those of
the cylinder, which are but little departed from by engine-
makers.

9. Thus the air-pump has usually half the stroke and half
the area of the piston, and consequently its capacity is a
quarter of that of the cylinder : nevertheless some engineers
maintain that a larger proportion of air-pump augments the
efficiency of the machine.

CHAP, XXI,—HOW THE INTERNAL CONDITION OF THE BOILER
AND ENGINE IS RENDERED EXTERNALLY MANIFEST.

1. To enable the engine-man to maintain the boiler and
machinery in a state of efficient operation, it is necessary
that he should be at all times informed of their internal
condition. A class of contrivances for indicating this has
therefore exercised the invention of those to whom we
are indebted for the improvement of this department of
mechanical art.

2. One of the most obvious circumstances attending the
internal condition 6f the boiler, which it is necessary that
the engine-man should at all times know, is the quantity of
water in it. If the level of the water get below the flues, the
boiler incurs the danger of becoming red-hot, and bursting:
if the level of the water be too high, the steam room in
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the boiler becomes insufficient, and the spray of the boiling
water, mingled with the steam, passes through the steam
pipes into the cylinder, producing a waste of heat and other
inconveniences. This effect is called priming. The level
of the water in the boiler should therefore always be known.

8. The earliest and most simple contrivance for indicating
this is the gauge-cocks. These cocks are two common stop-
cocks, screwed or cemented into the boiler, one above the
point at which the level of the water ought to stand, and the
other below it. 'When the water is at the proper level, steam
should issue on opening the one, and water on opening the
other. If water issue from the #pper cock, the boiler is too
full; and if steam issue from the lower cock, the boiler is too
empty. So long as steam issues from the upper and water
from the lower, the level of the water is at its right point.

4. In boilers maintained in a very violent ebullition,
where a highly intense furnace is used, the agitation ncar
the surface renders the indication of the gauge-cocks some-
times uncertain, and another contrivance is either substituted
for them, or used in connexion with them.

5. If it were possible to have a glass boiler, the level of the
water would always be visible ; but instead of a boiler all glass,
we may have a strong glass plate inserted into the side or end
of:the boiler, at the level at which the water ought to stand,
and through this plate the surface of the water might be seen ;
but the great agitation of the water in ebullition would render
this observation uncertain: the object is therefore accom-
plished by the glass water gauge, (see Chapter xxvi1, title
“ Qlass Water Gauge,””) which is a strong glass tube placed
in a vertical position outside the boiler, communicating at the
top and bottom by metal tubes with theinterior. The water
in the boiler enters the lower end of this tube, and the steam
enters the upper end; and by the common principles of
hydrostatics, the, pressure of the steam in the tube and in
the boiler being the same, the water in the tube will stand
at the same level as the whter in the boiler.
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6. To guard against the effects of the accidental fracture
of this tube, stop-cocks are usually placed between the' ends.
of it and the boiler, by which the communication between it
and the boiler is cut off at pleasure. When the engine-man
desires to ascertain the level of the water in the boiler, he:
opens both the stop-cocks, but at other times it is more
prudent to keep them closed.

7. This expedient has the advantage over the gauge-cocks,.
inasmuch as it indicates the exact level of the water.

8. Another contrivance used for the same purpose consists
in & float, formed of & hollow casing of metal; to this is
attached a rod which passef through the top of the boiler.

As the level of the water rises or falls in the boiler, this
float rises or falls with it, and the rod is pushed upwards or
drawn downwards, as the case may be. An index of any
kind may be attached to this rod, which should play upon a
divided scale, indicating the position of the float and the level
of the water.

9. Another expedient is sometimes used, which consists of
a tube let in through the top of the boiler, and descending
to a point below which the water ought not to fall: at tho
top of this tube is fixed a steam whistle.

10. So long as the level of the water 1s above the lower
end of the tube, a column of water will be sustained in the
tube by the pressure of the steam within the boiler; but
when the level subsides below the mouth of the tube, then
steam, rushing through the tube, will issue from the whistle,
and produce an alarm which will give notice of the want of
water in the boiler.

11. This last contrivance can only be used in low-pressure
boilers, where the column of water which will balance the
steam is not too high.

12. It is most necessary at all times that the pressure of
the steam within the boiler should be known, and provision
should be made to prevent its exceeding a certain limit.
This is accomplished by the common safety valve.
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This valve is an ordinary conical valve, placed in the top of
the boiler, and fitting into its seat, 50 as to be steam-tight.
It is loaded with a weight which determines the maximum
pressure to which the steam is allowed to attain. Thus, if
it be intended, as in low-pressure boilers generally, that the
steam should not exceed 6 lb. per square inch, then the
safety valve is loaded with a weight, regulated in such pro-
portion to the magnitude of its surface exposed to the steam,
that whenever the pressure of the steam exceeds this limit,
it forces the valve open, and escapes until the pressure is
reduced to the proper limit.

13. The safety valve, however, affords an indication that
the pressure of the steam does not exceed a certain amount,
rather than an indication of what that pressure actually is.

14. The steam gauge exhibits the exact amount of this
pressure.

15. The mercurial steam gauge generally used in low-
pressure boilers (see Chap. xxvir., title “ Mercurial Steam
Gauge for Low-pressure Boilers’’) consists of a siphon tube
with equal legs, half-filled with mercury; one end is cemented
into a pipe which enters that part of the boiler which con-
tains the steam; the other end is open to the atmosphere.
A stop-cock is usually provided between this gauge and the
boiler, so that it may be put in communication with the
boiler at pleasure. When the stop-cock is open, the steam
acting on the mercury in one leg of the gauge presses it
down, and the mercury in the other leg rises. The difference
between the two columns is the height of mercury which
corresponds to the excess of the pressure of the steam in the
boiler above the pressure of the atmosphere; or, in, other
words, to the effective pressure on the safety valve. If half
a pound per inch be allowed for the length of this column,
we shall obtain, in pounds per square inch, the effective
pressure of the steam.

16. If the siphon steam gauge were made of glass, the
height of the mercurial column representing the pressure of



80 RUDIMENTARY TREATISE.

the steam could be obtained by inspection, a scale being
annexed; but to avoid accidental fractures, this tube is
usually made of iron, and the level of the mercury is indi-
cated by a float, having a rod attached, similar to the gauge-
float already described for indicating the level of the water.
To this rod may be attached any eonvenient index and scale.

17. Owing to the obstruction which the steam encounters
in passing through the steam pipes and valves, its pressure
undergoes a greater or less diminution on its way to the
cylinder. To ascertain the effective pressure, therefore, in
the cylinder, a steam gauge is sometimes placed upon the
steam pipe, as close as possible to the cylinder.

18. A custom has been adopted too generally of estimating
the pressure of the steam in the cylinder by its pressure in
the boiler, assuming that between the two there is but a
slight difference. Nothing can be more erroneous than this.
Between the pressure of the steam in the boiler and in the
cylinder there may be almost any amount of difference. If
the throttle valve be nearly closed while the pressure of the
steam in the boiler is very high, the pressure of steam which
works the piston may be very low; and, on the other hand,
if the throttle valve be nearly open, there may not be a
considerable difference between the two.

19. To calculate, therefore, in general the effective power
of the engine, by taking, as is commonly done, the pressure
of the steam in the boiler, and multiplying that by the area
of the piston and its velocity, is a most fallacious method.
The indicator already described may be used to determine
the average pressure of steam on the piston, and thus the
effective action of the piston may be calculated; or, if the
actual quantity of water transmitted in the state of steam to
the cylinder be known, the mechanical effect of this can be
calculated independently of any consideration of the pressure
of the steam, or even of the magnitude of the piston. It
will, however, be necessary even in this case to determine
the resistance of the uncondensed steam.
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20. In high-pressure boilers, where steam is worked at 40
and 501b. above the atmosphere, or at even higher pressures,
the mercurial steam gauge is inconvenient, owing to the
height of the column of mercury which the pressure would
sustain, and from other causes. This inconvenience is espe-
cially felt in locomotive engines. In stationary engines it is
always possible to provide a permanent mercurial steam
gauge of sufficient height, whatever be the pressure of the
steam ; and indeed it is desirable so to do, for there is no
measure of the force of the steam so certain and exact. In
locomotive engines, however, and in other cases where a tall
column of mercury is inadmissible, the pressure of the steam
is indicated by a spring steelyard, which is made to act upon
the safety valve. (See Chap. xxvir, title “Spring Safety
Valve.”) This instrument is in principle precisely the same
a8 the common spring steelyards used in domestic economy.
A scale is attached to it, upon which an index plays, by
which the pressure on the valve is expressed in lbs. per
square inch. The instrument is usually screwed down, so
that the valve will only be opened when the steelyard
indicates a certain pressure.

21. It is customary, more especially in high-pressure
engines, to provide two safety valves, one of which shall be
removed from the interference of the engine-man. This
precaution prevents the danger which would arise from the
engine-man overloading the valve, or from the valve becoming
fixed in its seat from accidental causes, which sometimes
happens.

22. 'When a boiler ceases to be worked, and the fire has
been extinguished, the steam which filled its interior will be
speedily condensed, and the interior would becorie a vacuum.
In this case a prodigious amount of amospheric pressure,
acting on the external surface of the boilers inwards, would
have a tendency to crush it. This contingency is sometimes
provided against by a safety valve which opens inwards. So
long as the boiler is in operation, this valve is kept closed by

E 3
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the pressure of the steam; when it ceases to be worked, it is:
opened by the pressure of the atmosphere.

28. It is most necessary for the efficient operation of the
engine that the state of the vacuum in the condenser should
be at all times known. For this purpose an indicator is
adopted, called the barometer gauge, forming one of the most
important appendages of the condensing steam engine. (See
Chap. xxvi1I,, title % Barometer Gauge.”)

24. This instrument, as its name imports, is a common
barometer, but the top of the tube, instead of being closed, is
‘made to communicate with the condenser. The atmospheric
pressure, acting as usual in barometers, on the mercury in
the cistern, presses a column of mercury up the tube. If
the vacuum in the condenser were as perfect as that which
is at the top of the barometric tube, then the column of
mercury in this instrument would stand at exactly the same
height as in the common barometer ; but as this is never the
case, there is a differencé of height which is due to the pres-
sure of uncondensed steam and air, which, notwithstanding
the action of the air-pump, will always remain in more or less
quantity in the condenser. The difference, therefore, between
the height of the column of mercury in the barometer gauge
communicating with the condenser, and in a true barometer
placed near it, will give, in inches of mercury, the pressure
which re-acts upon the piston against the steam.

25. In well-managed engines the barometer gauge is
seldom more than an inch below the true barometer, which
would give half-a-pound per square inch for the pressure
re-acting on the piston.

26. If the barometer gauge stand too low, it indicates the
presence either of uncondensed vapour or of air in the con-
denser. This may arise either from too little or too much
water being thrown in by the condensing jet. If too little
be thrown in, the condensation will be imperfect, and
uncondensed vapour will lower the gauge: if too much be
thrown in, an accumulation of air will be produced faster
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than the pump can remove it, and the gauge will be similarly
affected. The adjustment of the jet is a matter, therefore,
that should be carefully attended to. The cock which
governs the jet has a handle to which an index is attached,
playing upon a divided scale ; and according to the position
of that index, the cock is more or less opened or closed.

CHAP. XXII.—HOW THE WANTS OF THE BOILER AND ENGINE
ARE BUPPLIED, AND HOW THEIR OPERATION IS REGULATED.

1. If the work executed by a steam engine were subject
to no variation whatever, the rate at which the steam should
be supplied to the cylinder and generated in the boiler
would be uniform also; and as the production of such steam
necessarily bears an uniform ratio to the development of
heat in the furnace, this last would be also uniform. The
development of heat in the furnace being in direct ratio to
the supply of air, or what is the same, the draft in the
chimney, it would follow that an engine perfectly uniform in
its action would require an invariable adjustment of the
flues, an invariable rate of evaporation in the boiler, and an
invariable magnitude of communication between the boiler
and cylinder for the supply of steam.

2. But in practice it is found that the work to be executed
by machinery of this kind is subject to more or less variation,
requiring a greater or less intensity from time to time in the
moving power.

8. This necessitates a corresponding variation in the action
of the steam in the cylinder. This variation is produced by
the throttle valve, placed in the pipe by which steam is con-
ducted to the cylinder. (See fig. art. 17.) This valve is a
circular plate, corresponding nearly with the magnitude of
the pipe in which it is placed. It is so constructed as to
turn on an axis which coincides with one of its diameters,
and its movement its governed by a lever or handle on the
outside of the steam pipe. When this circular plate is
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turned so as to present its edge to the current of steam,
that current is allowed to pass without ebstruction to the
cylinder ; but when it is turned so that its face is presented
to the steam, the current is altogether stopped. Between
these two extreme positions it may have any intermediate
inclination by which the flow of steam to the cylinder shall
be regulated in any desired manner.

4. Supposing this valve to be adjusted from time to time,
80 as to proportion the quantity of steam admitted to the
cylinder to the quantity of work to be done, the production
of the steam in the boiler will have to be considered. If this
production be uniform, it must be adequate in quantity to the
greatest amount of steam at any time required by the cylinder.

5. When less than this is admitted to the cylinder by the
action of the throttle valve, an accumulation would neces-
sarily take place in the boiler, and the pressure on the safety
valve becoming excessive, the surplus steam would blow off.
This would occasion, of course, a corresponding waste of
fuel. The remedy for this would be a contrivance by which
the rate of evaporation in the boiler can be augmented or
diminished at pleasure, according to the wants of the cylinder.
This will obviously be accomplished by any contrivance which
will stimulate or slacken the furnace at pleasure. Now since
the action of the furnace is regulated by the intensity of the
draft, exactly as the action of the piston is regulated by the
intensity of the steam admitted to it, the same kind of regu-
lator may be applied to the one as has been applied to the
other. A plate called a damper is therefore introduced at
some convenient point in the flue near the chimney. This
plate is generally made like a sliding shutter. When it is
let down it stops the flue altogether, and the fire would be
extinguished ; when it is drawn up to the limit of its play,
the flue is altogether open, and the draft is at its extreme
power ; between these limits the damper may have an inde-
finite variety of positions, leaving more or less of the flue
open, 80 as to give to the draft any required intensity.
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6. It is easy to imagine an attendant working these two
instruments so as to regulate the action of the machinery.
‘When the resistance on the working point is lightened, the
throttle valve is partially closed, so as to dimiftish the supply
of steam ; and at the same time the damper is partially closed,
80 as to diminish the draft: on the other hand, when the
load on the machinery is increased, the throttle valve is
opened, so as to augment the supply of steam and increase
the action on the piston: and the damper is raised, so as to
increase the intensity of the combustion and augment the
rate of evaporation in the boiler.

7. It would be obviously desirable that these contrivances,
which we have here supposed to be regulated at the discre-
tion of the attendant on the engine, should be regulated by
the wants of the engine itself, so as to be made self-acting, like
the valves which regulate the supply of steam to the cylinder.

8. This is accordingly accomplished by very simple and
effectual means in low-pressure boilers, to which we more
particularly advert at present. A tube is inserted, which
descends in the boiler below the level of the water; the
pressure of the steam supports in this tube a column of
water of a certain height, and as the pressure of the steam
varies, this column varies in height. A float is introduced
in the tube, and supported by this column of water. A
chain attached to this float is conducted over one or more
pulleys, and carried to the damper, which is suspended to
it. Now let us suppose the throttle valve either opened or
closed, as the case may be. If it be opened, the supply of
steam passing from the boiler to the cylinder is augmented ;
the pressure of steam in the boiler is for the moment
diminished by this exhaustion: the column of water in the
tube falls by reason of the diminished pressure; the float
supported by it falls with it, and, drawing down the chain,
draws up the damper; the draft through the furnace is
augmented, the combustion is stimulated, the heat which
acts on the boiler increased, and the evaporation accelerated
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until the production of steam becomes adequate to the
demands of the cylinder.

9. In this way the varying demands of the cylinder on
the boiler arewmade to vary in a proportional manner the
action of the furnace, on which the generation of steam
depends: when the cylinder consumes much steam, the
,damper is kept open ; when little, it is partially closed.

10. The superintendence of the damper by the engine-
man is therefore superseded. The engine itself works it
more regularly and perfectly than could be done by any
manual superintendence.

11. This arrangement is called the self*acting damper.

12. In steam-enginesin general, and especially in those
used in the manufactories, the rate at which steam is
supplied to the cylinder ought to be proportionate to the
work which the engine has to perform ; if not, whenever the
resistance on the engine should be diminished, the speed of
the piston would be augmented; and whenever the resist-
ance should be augmented, the speed of the piston would be
diminished, and a continually varying and irregular motion
would necessarily take place in the engine, and would be
transmitted to the machinery which it works. This is in
general incompatible with the exigencies of the arts and
manufactures, in which there is a certain rate of motion or
speed which ought to be imparted to the machinery, and
which ought neither to be permitted to decline or augment.

13. Now, since occasional variations in the resistance are
inevitable, the only way to maintain an uniform velocity in
the engine and in the machinery it drives, is to provide
means of regulating the supply of steam, so that the rate at
which it shall flow into the cylinder shall be varied in the
exact proportion of the resistance. This might, as I have
already stated, be accomplished by the manual superintend-
ence of the throttle valve, but a much more certain and
efficacious expedient was supplied in the governor, by the
fertile invention of Watt.
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14. To make the principle of the governor comprehended,
we must refer to a well-known property of the common
pendulum used as the regulator of time-pieces. It is the
property of this instrument, that when it oscillates in obedi-
ence to gravity from side to side in a circular arch, the time
of its vibration will be the same whether the arches in which
it vibrates are long or short, provided only the angle of its
vibration be not considerable : if the arches be short, its
motion will be slow; if long, its velocity will be proportion-
ally great; and thus, whether long or short, the time of
accomplishing a complete vibration will be the same. This
well-known property of the pendulum is called dsochronism.

15. Now if the pendulous knob, instead of vibrating in a
circular arch, be made to whirl with a circular motion round
an axis, the knob, in virtue of the centrifugal force produced
by the rotation, will have a tendency to recede from the axis
round which the motion takes place; and when it assumes
such a position that the tendency to recede is equal to its
tendency to descend, in virtue of its weight, it will remain at
a fixed distance from the axis round which it revolves, neither
receding from, nor approaching to it.

16. 1t is a property of this arrangement, quite analogous
to the isochronism of the pendulum, and indeed depending
on the same physical principles, that the time of revolution
necessary to produce this equilibrium, and to keep the knob
at a fixed distance from the axis, without receding from or
approaching to it, is the same whatever be the distance of
the knob from the axis, provided only that the angle of
obliquity of the rod be not considerable; and cven though
such angle have some considerable magnitude, the times of
revolution corresponding to the state of equilibrium will not
be considerably different.

17. This expedient, known by the name of the conical
pendulum, was applied by Watt, with his usual felicity and
success, to the regulation of the throttle valve. The arrange-
ment, as usually adopted, is represented in the following
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figure. Two balls 1 are attached to the ends of equal rods
of metal m . The arrangement is composed of a series of

jointed rods  F E, which play upon a vertical spindle ¢ D,
being fixed at m, but capable of sliding upon it at £. When
the balls are separated so that the rods m @ become more
divergent, the arms u F open, and the pivots ¥, separating,
draw down the collar &, which, as I have stated, slides upon
the spindle; and on the contrary, when the balls approach
each other, the arms & ¥ also approach each ofher, and the
collar & is forced up. Thus, according to the distances of
the balls from the vertical spindle, the collar £ ascends or
descends. In the collar ® is inserted the forked end x of
the lever ¥ L k. The end N of this lever is connected, as
represented in the figure, with the throttle valve T, and the
proportion and position of the rods are so adjusted that
when the balls descend towards their lowest position, the
throttle valve becomes open; and when they separate, it
becomes gradually closed.

A grooved wheel A B, or oftener a toothed pinion, is fixed
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upon the axle of the spindle, which receives its motion from
any convenient part of the machinery.

Now let us suppose that the load on the engine is suddenly
diminished. A momentary augmentation of speed will take
place in the piston, and an increased velocity be imparted to
the wheel A B and the balls of the governor; these balls will
consequently fly further from the vertical spindle, the fork x
will be drawn down, the throttle valve T partially closed, and
the supply of steam to the cylinder diminished.

If, on the other hand, the load on the engine be increased,
the speed of the piston will be momentarily slackened, the
velocity of the wheel A B will be diminished, the balls will
descend and approach the vertical spindle, the fork x will be
raised, and the throttle valve T partially opened. In this
manner the governor has the effect of admitting at all times
to the cylinder just that portion of steam which is necessary
to give to the piston the proper velocity, the quantity being
always proportioned to the load on the engine.

It is to be understood that this beautiful little instrument
exercises powers circumscribed within narrow limits; but
these limits are sufficiently extended to accommodate them-
selves to the variations incidental to the work which the
engine performs. If the average amount of work varies from
time to time, the governor can be adjusted accordingly.

18. I have already explained in how great a degree the
regular supply of water to the boiler is necessary to the
efficiency of the machine. Since the water in the boiler will
be in the direct proportion of the work executed by the
engine and the combustion in the furnace, it seems natural
to seek for some self-regulating mode of feeding the boiler,
analogous to that which we have described as governing the
combustion in the furnace and the supply of steam to the
cylinder. It has been already explained that a float within
the boiler causes a rod bearing an index to ascend and
descend, indicating always the quantity of water in the boiler.
. Now if this rod can be made to act upon a reservoir of
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water communicating with the interior of the boiler, so as to
open the valve and admit water when it descends, and close
the valve 8o as to stop-the supply when it ascends, the desired
object will be attained. Such an arrangement has accord-
ingly been adopted with complete success, and forms what
is called the seif-acting feeder. To the rod of the float is
attached a cord or chain by which it is connected with the
end of a lever, which opens and closes a valve placed in the
bottom of a small cistern which stands at a sufficient height
above the boiler. A tube is inserted in the bottom of this
cistern under the valve, which tube descends into the boiler,
and in it a column of water is sustained by the pressure of
the steam, as already described.

‘When the level of the water subsides and the boiler
requires feeding, the float falls, draws down the rod, opens
the valve in the small cistern above, and lets water flow in
through the tube: this continues until the level of the water
is restored to its proper height, when the valve is closed.

19. But to speak more precisely, this valve is not alter-
nately opened and closed. The float and valve will be so
adjusted that the latter is kept just so much open as to
allow a stream of water to descend in the tube which is
exactly equal to the rate of evaporation in the boiler, so that
the level of the water is kept constantly at the same point.

20. This arrangement, however, is only applicable to low-
pressure boilers, for in high-pressure boilers the column of
water which would be sustained in the tube would be too
high.

521. It is customary to supply the feed cistern just men-
tioned with the water pumped from the condenser by the air-
pump: this water, having a temperature more elevated than
that of the atmosphere, carries back to the boiler a portion of
heat which would otherwise be wasted.

22, In high-pressure boilers, where this feeding apparatus
would be inapplicable, the necessary quantity of water is
driven into the boiler by forcing pumps, called feed pumps,
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which are worked by the engine. The dimensions of these
pumps are regulated according to the average evaporating
power of the boiler, so that the quantity of water which
they throw in shall be exactly equal to the quantity which
passes in the state of steam to the cylinder.

23. As this proportion, however, cannot be always pre-
cisely maintained, it is necessary to provide means for
cutting off the feed pumps, or throwing them into operation
at pleasure. Arrangements of this kind are accordingly
provided, and placed at the disposal of the engineer.

24. An easy and obvious expedient suggests itself for
cutting off the feed, and supplying it according to the wants
of the boiler, which, however, I do not recollect seeing
adopted in practice.

25. The float which rises and falls with the level of the
water in the boiler might be made to act by its rod upon the
gearing of the feed pumps, exactly as it acts upon the valve
in the feed cistern in low-pressure boilers ; so that whenever
the level of the water should become too high, the pump
should be thrown out of gear ; and whenever it was too low,
it should be thrown into action.

CHAP. XXIIL.—HOW THE STEAM ENGINE IS ADAPTED TO THE
WORKING OF PUMPS,

1. Hitherto we have considered the piston as driven in
both directions, upwards and downwards, by steam, a vacuum
being produced alternately on the side towards which it
moves, .

2. When the engine is applied to work a common pump,
the force being only required to be exerted when the pump
buckets are raised, but not in their descent, an arrangement
would be required in the cylinder by which the piston should
be only driven by steam in its descent, the pump buckets
being then raised at the other end of the beam ; but in its
ascent the piston would be drawn up by the weight of the
descending buckets, witholit any aid from the stedm. Engines
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adapted to work pumps are therefore so arranged that the
valve shall only admit steam above the piston, a vacuum
being made below it in the descent. Engines constructed in
this manner are called single-acting engines, while those in
which the steam acts both above and below the piston are
called dowble-acting engines.

8. The single-acting engine in its principle differs in no
respect from those we have described. A valve is provided
at the top of the cylinder, by which steam is admitted above
the piston when it begins to descend; another valve is pro-
vided at the bottom, by which the steam under the piston
passes to the condenser; and the piston descends exactly in
the same manner as in the double-acting engine. But
when the piston has reached the bottom of the cylinder, a
valve is opened which gives a communication between tho
top and the bottom of the cylinder, so that the steam which
has just pressed the piston down now passes equally above
and below it. The piston being then drawn up by the
weight of the descending buckets, the steam which was
above it passes below it, through a tube attached, in which
the valve just mentioned, communicating between the top
and bottom of the cylinder, is placed. When the piston has
reached the top of the cylinder, the steam which previously
filled the cylinder above the piston will now fill it below the
piston; and when the piston is about to descend by the
pressure of fresh steam admitted above it, the steam below
it is discharged to the condenser by another valve, already
mentioned, and so the operation proceeds.

4. These single-acting engines are only applicable to
pumping or to some other operation in which an intermitting
force, acting in one direction only, is required.

5. The double-acting engine may, however, be also applied
to pumping by the use of a double-acting pump, a variety
of forms of which are familiar to engineers.

6. The most remarkable examples of the application of the
steam engine to pumping are presented in the mining districts
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of Cornwall, where engines constructed on an enormous
scale are applied to the drainage of the mines. The largest
steam engines in the world are used for this purpose.
Oylinders 8 and 9 feet in diameter are not unprecedented.
The expansive principle may here be applied without limit,
inasmuch as regularity of motion is not necessary. Steam
having a pressure of 501b. per square inch above the atmos-
phere is admitted to act on the piston, and cut off after
performing from } to 4 of the stroke, the remainder of the
stroke being effected by the expansion alone of the steam.

CHAP. XXIV.—HOW THE ATMOSPHERIC PRESSURE COMBINED
WITH THE PROPERTIES OF STEAM IS RENDERED EFFICIENT
IN AN ENGINE.

1. The machine called the atmospkeric engine, which was
displaced by the improved steam engine of the celebrated
‘Watt, consisted of a cylinder and piston, working beam and
pump-rods, similar in their gencral arrangement to those of
the single-acting steam engine already described. The dif-
ference consisted in this, that a vacuum being made under
the piston by the condensation of steam, the piston was
urged downwards, not by the pressure of the steam, but by
that of the atmosphere which was admitted above it, the top
of the cylinder being open. In this case the steam was
used not directly as a mechanical agent, but indirectly to
produce a vacuum under the piston, and so give effect to the
atmospheric pressure above it.

2. This system, compared with the single-acting engine,
has many defects, the removal of which was so successfully
accomplished by the invention of Watt. "When the piston
was pressed downwards by the atmosphere, the atmosphere
had a tendency to cool the cylinder; and when the piston
was made to ascend by admitting steam under it, and thus
giving effect to the weight of the pump-rods at the other end
of the beam, the steam as it entered was more or less con-
densed by the cold cylihder; and to whatever extent this
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condensation took place, there was a proportional waste of
fuel. 'When the piston was at the top of the cylinder, and
the cylinder under it filled with steam, a jet was introduced
within it, as we have already described, and the steam was
condensed ; but this method, which produced an unnecessary
waste of fuel, is not essential to the principle of the atmos-
pheric engine.

8. The separate condenser of Watt being attached to it,
the condensation is made under the piston without cooling
the cylinder, in the same manner as in the improved engine
of Watt. There still would remain, however, the evil of
cooling the cylinder by the admission of the atmosphere
above the piston.

4. Nothing, on the other hand, is gained by using the
atmosphere in this way. The same steam which is used to
make a vacuum under the piston may be previously used to
press the piston downwards, and we therefore consume as
much mechanical force, in the form of steam, when we use
the atmosphere as when we exclude it.

5. In favour of the atmospheric engine, hawever, as com-
pared with the steam engine, there is a circumstance of
sufficient importance to keep this engine still in use in dis-
tricts where fuel is extremely cheap. In its construction
there is much greater simplicity and cheapness, and less
liability to get out of order. The arrangements for passing
the top of the piston-rod through the top of the cylinder, so
as to be steam-tight, are unnecessary, as are also those for
parallel motion, and the valves for the admission and
emission of steam at the top of the cylinder. These advan-
tages, however, are but small, and will disappear every day
a8 the cost of the construction of engines is diminished.

CHAr. XXV.—HOW THE STEAM-ENGINE IS8 CONSTRUCTED IN
CASES WHERE A CONDENSING APPARATUS IS INADMISSIBLE.

1. It will be perceived that the advantages obtained
by the vacuum produced by the condensation of steam are
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not without draw-backs. The machinery for condensation
is costly, bulky, and heavy, and moreover consumes a
"considerable portion of the moving power in working it.
The condenser requires a cistern of cold water, in which it is
submerged. This cistern must be kept constantly supplied
with cold water, for which purpose a pump, called the cold
water pump, must be worked by the engine. The water
and air admitted by the condensing jet must be continually
pumped out by the air-pump. In many cases the steam
engine is worked in situations in which a sufficient supply
of cold water cannot be procured, and where the weight and
bulk of the condenser, air-pump, and cold water pump,
would be inadmissible. In these cases, the power of the
steam must be worked without the advantage of the vacuum
on the other side of the piston. Engines thus constructed
are called non-condensing engines, and sometimes, though not
with strict propriety, high-pressure engines. Steam having
a greater pressure than that of the atmosphere, being
admitted on one side of the piston, and the other side being
left in open communication with the atmosphcre, the piston
will be urged forwards by a force proportional to the excess
of the steam pressure above the pressure of the atmosphere,
the friction, and other resistances. When the piston is
thus drawn to the other end of the cylinder, the steam being
admitted on the opposite side of the piston, and the contrary
side being open to the atmosphere, the piston will in like
manner be urged back again.

2. Between the mechanism by which the admission and
cmission of the steam is effected in this machinery, and that
which we have described in the condensing engine, there is
no real difference. "Whether the steam be allowed to
escape to the condenser, or into the open atmosphere, the
mechanism which governs its admission and escape will be
the same.

8. As the pressure of the steam in such machines must
necessarily exceed that of the atmosphere, in a sufficient
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proportion to supply a force necessary for the purpose to
which the machine is applied, the pressure is always much
greater than is necessary where condensation is used; and
hence the application of the term high-pressure engines to
such machines; but the use of the term is objectionable,
inasmuch as steam of an equally high pressure is often used
in engines in which the steam is condensed and a vacuum
produced. An example of this is presented in the engines
used in Cornwall, where steam having a pressure of 50 Ib.
or upwards on the square inch is used.

4. Properly speaking, therefore, hzgh-preaem'e enymea
consist of two classes; those in which the steam is mnot
condensed, and those in which it is condensed.

5. The most proper classification of engines, therefore, is
into condensing and non-condensing engines ; the latter being
always high-pressure engines, and the former sometimes
high-pressure and sometimes low-pressure.

6. By low-pressure engines is to be understood those in
which the safety valve on the boiler is loaded at the rate of
4 to 6 1b. per square inch.

7. High-pressure engines is a term rather indefinite ; but
where the valve is loaded with 20 Ib. or upwards per square
inch, the machine is generally so called.

8. In the United States, the use of high-pressure steam
is much more universal than in England, and 20 1b. upon a
square inch of the safety valve would hardly be denominated
high-pressure. This will be understood when it is stated
that from 120 to 150 lb. per square inch is not a very
uncommon pressure to use.

9. In locomotive engines, the condensing apparatus is
excluded for obvious reasons. The pressure in these is
usually from 50 to 60 lb. per square inch. The steam
which escapes from the cylinder, after working the engine,
is ejected up the chimmney, where it plays the part of a
blower, and supplies that want of clevation of the chimney
which circumstances here exclude.s
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CHAP, XXVI.—HOW THE MECHANICAL PRESSURE OF THE RTEAM
ON THE PISTON 18 LIMITED, AND HOW THE SPEED OF THE
PISTON IS AFFECTED BY THIS.

It is commonly but erroneously supposed that the
pressure which the steam exerts on the piston of an engine
can be augmented or diminished at pleasure by augmenting
or diminishing the pressure of the steam in the boiler.
A moment’s attention to some wuniversal principles of
mechanical science will be sufficient to rectify this error.

It is an established principle, that when a body which
offers a definite resistance to motion is impelled by a force
whose pressure is precisely equal to that resistance, the body
so acted upon must be in one of two states, viz., either at
rest, or moving with an uniform velocity.

This principle is convertible. A state of rest or of
uniform motion presumes that the body in such state must
be acted upon by forces in equilibrio,—that is to say,if it be
in motion, the energy of the forces which impel it must be
precisely equivalent to the resistance which it offers to
them.

To illustrate this by a practical example, let us suppose
that a carriage placed on an uniform and level road is
drawn by a horse at a perfectly uniform speed. The
resistance in this case which the carriage offers to the
draft is precisely equivalent to the force impressed by the
horse on the collar.

If an experimental proof of this be required, it may be
easily given. Let a carriage be placed on any level surface,
and drawn by a weight carried over a pulley. When its
motion is uniform, it will be found that the amount of the
weight which gives it such motion is precisely equal to the
resistance of the carriage.

But it will be asked, how can the energy of the impelling
forces be greater or less than the resistance, if the object to
which it is applied be in motion? If it be greater than the

¥
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resistance it cannot do more than move it ; if it be less than
the resistance, why does mot the object stop altogether P
Admitting that a moving force greater in amount than the
resistance of the body moved can be applied, it may be
further asked, what becomes of the surplus of such moving
force . It is clear that the resistance cannot absorb more
than its own amount of the moving force: on what, then, is
the surplus expended ?

Let the simple and familiar example of a carriage moved
on a level road be taken. Let us suppose that the force
exercised on the carriage is 150 Ibs., while the resistance of
the carriage to the moving power is only 1001bs. On what
object, then, are the other 50 lbs. expended ?

The answer to this is extremely simple, and easily under-
stood. "When the moving force is thus greater in intensity
than the resistance, the motion imparted to the body to
which it is applied is not, as above, an uniform speed, but a
speed constantly accelerated: in every succeeding second of
time, the moving force imparts to the body an increased
velocity, and consequently an increased momentum. If is
by this augmentation of momentum, then, that the surplus
moving force is absorbed. It is, therefore, a living force.
It is not, properly speaking, extinguished, as is that portion
of the moving force which is én eguilibrio with the resistance.
The momentum which it produces in the moving body will
be retained and expended upon something before the moving
body can come to a state of rest.

Accelerated motion is, then, the consequence of the
moving force exceeding in amount the resistance of the
body moved.

Analogy will at once raise the presumption, that a gradu-
ally retarded motion will be the consequence of the moving
force being less in intensity than the resistance of the body
moved.

The moving force in this case balances, or as it were
extinguishes, so much of the resistance as is equal to its
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intensity ; the excess of the resistance, however, remains to
be accounted for. What is its effect, and what becomes of
it? 'We suppose the body to be already in motion ; its
weight or mass has therefore & certain momentum, which,
by the common properties of matter, gives it a tendency to
continue in motion. This tendency is opposed by that
portion of the resistance which is not balanced by the
moving force. This portion of the resistance, then, gradu-
ally robs the moving body of its momentum, makes it move
more and more slowly, and at length, extinguishing all the
momentum, brings the body to a state of rest.

Thus it will be clearly understood that any inequality
between the intensity of the pressure, or traction, or impul-
sion, by whichever term the moving force be designated, and
the intensity of the resistance, will be attended with an acce-
lerated or retarded motion in the body moved, according as
the excess lies on the side of the moving power or on the
side of the resistance.

There is nothing new in these principles. They are, in
fact, the established principles of general mechanics, per-
fectly familiar to all who have cultivated the higher depart-
ments of science.

It would, however, certainly appear from the common
language and modes of calculation and reasoning which have
prevailed among engineers and practical men, that they have
either lost sight of these principles, or never known them.

Let us apply them to the case of a steam engine.

The piston is in this case the body moved. The boiler is the
source of the moving power. To simplify the case, we shall
imagine the motion of the piston to take place constantly in
one direction, instead of being reciprocated from end to end
of the cylinder.

Now it follows, from what has just been explained, that if
the motion of the piston in.the cylinder be uniform, the pres-
sure of the steam which impels it cannot by any mechanical

possibility be different ffom the amount of the resistance
2
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which the piston offers: you may load the safety valve as
you please ; you may vary the condition of the boiler in any
imaginable manner, and the pressure of the steam in that
vessel may have any intensity whatever; but it is demon-

" strably certain that the pressure of the steam in the cylinder
cannot be either greater or less than such as would be neces-
sary on the entire surface of the piston to produce an action
equal to its resistance. This is as certain as the conclusion
of any problem in common Geometry.

But then, it may be objected, we can have no power to
‘vary the pressure of the steam in the boiler, inasmuch as the
resistance of the piston has no connection with the source of
the moving power.

I have explained in a former chapter that the pressure of
steam in the boiler, though it can never be less than the
pressure of steam in the cylinder, may be to any desired
extent greater;—the action of the throttle-valve explains
this: the more the throttle-valve is contracted, and the
smaller the orifice through which the steam has to pass into
the cylinder, the greater will be the ratio, of its pressure in
the boiler to its pressure in the cylinder. There is, then, a
minor limit to the pressure of steam in the boiler. It cannot
be less than such a pressure as would produce on the piston
an action equal to its resistance.

‘What is, on the other hand, the major limit of the pressure
of steam in the boiler? This limit is obviously determined
by the load on the safety valve: when the steam exceeds
this limit, the safety valve will be opened, and the surplus
pressure reduced by escape.

It thus appears that the piston and the safety valve supply
the two limits of the possible pressure of steam in the boiler.
The pressure per square inch of the steam in the boiler
canrot be less than the resistance per square inch of the
piston, nor greater than the pressure per square ingh on the
safity valve.

In the ordinary action of an erdgine. the motion must in
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the main be uniform. Acceleration or retardation are con-
ditions exceptional and occasional. 'When the piston is first
put in motion from a state of rest, its motion is accelerated
until it has attained its normal and regular speed: when
the engine is about to be stopped, its motion is gradually
retarded until the resistance extinguishes the momentum of
the machinery.

‘When the piston and other reciprocating parts of the
machinery change the direction of their motion at each
extremity of the stroke, they will be for a short interval,
before and after the moment the direction changes, retarded
and accelerated ; and this retardation and acceleravion would
be very perceptible, were it not for the fly-wheel: but the
momentum of the fly-wheel, as well in consequence of its
weight as of the velocity of the matter forming its rim, so
prodigiously exceeds the momentum of the reciprocating
parts of the machinery, that the cffect of acceleration and
retardation in the latter is altogether effaced by the great
momentum of the revolving mass of the former.

It is for this reason that the fly-wheel justifies us prac-
tically in our reasoning in assuming the piston as moving
uniformly and constantly in one direction, instead of
reciprocating.

‘When the steam is used cxpansively, being cut off at one-
half, or any other fraction of the stroke, the impelling power
necessarily varies in intensity; and as the resistance does
not vary in intensity, or at least does not vary in the same
manner and proportion, there will consequently not be an
equilibrium between the moving power and the resistance,
and the motion therefore cannot be uniform.

‘When steam is thus applied, the pressure, when first
admitted on the piston, is greater than the resistance;
and so long as the steam valve is open, the motion of the
piston will be accelerated. When it is closed, and the steam
begins to expand, it gradually diminishes in intensity. The
accelerated motion of the piston will, however, continue until
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the pressure of the steam becomes equal to the resistance.
Further expansion rendering it less powerful than the resist-
ance, the motion of the piston will be retarded to the end of
the stroke.

This series of effects is repeated at each stroke of the
piston.

Now although in this case the motion of the piston during
any one stroke is variable, yet the average motion of the
machine will be uniform: although throughout a single
stroke the piston be alternately accelerated and retarded,
yet the number of strokes performed by the machine per
minute will be the same. The average velocity will be
uniform, although the velocity within the limit of a single
stroke be not so.

But even this variation within the limits of each stroke is
almost effaced by the action of the fly-wheel, which absorbs
the acceleration and repairs the retardation by giving and
taking momentum, as already described.

I have spoken of the uniform velocity of the piston, which,
whether it be maintained in the literal sense of the term, or
only on the average, as estimated by the number of strokes
per minute, must in every case be the result of an equili-
brium between the average moving force of the steam and
the resistance of the machinery. But what, it may be asked,
determines the rate of this uniform speed ? What condi-
tions are they which can determine whether the piston shall
move 200 feet or 500 feet per minute ?

This is obviously determined by the rate at which the
boiler is capable of supplying steam of the requisite pres-
sure to the cylinder. Let the resistance on the piston be
estimated ; say that it is 20 Ibs. per square inch of its
surface ; then the boiler must be capable of supplying steam
of 201bs. pressure per square inch, in such measure as to
enable the piston to move at the required speed.

Let us assume, for example, that the required speed is
200 feet per minute, or 12,000 feef per hour, and that the
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area of the piston is 5 square feet; then, to enable the
piston to advance through 12,000 feet, a column of steam
must follow it, 12,000 feet in length and 5 square feet in its
section, which gives 60,000 cubic feet of steam. But steam
having the pressure of 20 Ibs. per square inch bears to the
bulk of water which produces it the proportion of 1281 to 1;
therefore, if we divide 60,000 by 1281, we shall find the
number of cubic feet of water which must be supplied in the
state of steam by the boiler to the cylinder in an hour.

This division gives 47, very mnearly. The boiler, there-
fore, must in this case evaporate 47 cubic feet of water per
hour, or, according to the conventional standard of boiler-
makers, be a boiler of 47 horse-power.

In general this calculation may be made by the aid of the
following Tables.



104

RUDIMENTARY TREATISE

TABLE I1—AREAS OF PISTONS.

Dia.| Ares. || Dia.| Area. || Dia.| Area. || Dia.| Area. || Dia. Aret..]
Inches. || Inch,| Inches. {{Inch.| Inches, || Inch.| Inches. ||Inch.| Inches.

1 785 7 188484 || 18 [182-78 || 19 | 28352 || 25 | 490°87
. ‘994 i 39871 j 135-29 ! 28727 4 | 49579
1‘ 1227 41-282 b {18788 29103 4 | 500-74
1484 ! 42718 140°50 29483 505°71
1767 44-178 14313 4 | 29864 4 | 610°70
2:078 45663 14580 30248 51572
2405 47173 14848 80636 52076

¥ 2761 & | 48707 % |151-20 % | 81024 & | 52583
2| 8141 8 1650265 {| 14 |153-93 {| 20 | 314'16 || 26 | 53093
i 8546 t 51848 4 1156669 31809 53604
2| 3976 53456 4+ 115948 82206 541-18
4430 ; 55088 16229 32606 54635

1 4908 56745 16513 83006 4 | 55154
5411 58426 16798 334°10 55676
5939 g 60-132 170-87 33816 562:00

1 6491 % | 61862 % 117378 & | 34225 56726
'7°068 9 163617 || 15 |176-71 || 21 | 846-86 || 27 | 57255
7669 65396 17967 85049 57787

] 8295 L 167200 18265 } | 35465 58320
i | 8946 69029 18566 358-84 58857
9621 4 170882 18869 4 | 363:05 59395
10°320 72759 191-74 36728 599-37
11°044 74-662 194-82 37154 60480
11793 76°588 197-98 % | 37582 § | 61026

4 12566 || 10 | 78:540 (| 16 |201-06 || 22 | 38013 || 28 | 61575
13364 80515 j 20421 38446 62126

4 114186 4+ | 82'516 3 120739 388-82 626°79
15'083 84540 21059 39320 4 1682:35

4 | 15904 4 | 86-590 L |1 213-82 4 |397-60 L 163794
16800 J 88664 21707 40203 64354
17720 90762 22035 40649 64918
18'665 & 92885 % | 22365 § | 41097 65483
19685 || 11 |95°083 || 17 | 22698 || 23 | 41547 || 29 | 66052
20629 97:205 23033 § | 42000 66622

+ | 21647 4 199-402 23370 3 | 42455 1 167195
22690 1} 101-62 23710 42913 § | 67771
28758 4 [103-86 24052 4 143378 4 | 68849
24850 106-13 24397 438-36 689-29
25'967 10843 24745 44301 69512

¥ [ 27108 £ 111075 ¥ 1256094 447-69 % {70098
6 {28274 || 12 [118:09 || 18 |254-46 || 24 | 452:39 || 30 | 706°86
i 29:464 11546 25801 45711 71276
80679 4+ | 117-85 26158 46186 71869

: 31-919 12027 26518 46663 72464
33183 122-71 26880 47143 73061

§ 184471 12518 27244 47625 k| 736°61
3 135784 127-67 27611 2 [ 481410 742-64
§ | 87122 13019 279'81] 48597 748°69 |
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TanLe I.—Continued.
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Dia.{ Area. || Dia.| Area. || Dia.| Area. || Dia.| Area. {| Dia.| Arca.
Inch.| Inches. ||Inch.| Inches. || Inch.| Inches. || Inch.| Inches. |Inch.| Inches.
31 | 75476 || 87 | 10752 || 48 |1452-2 || 40 |1885-7 || 55 | 28758
760°86 10824 4 | 14606 18958 23866
jr 76699 10897 3 | 14691 19050 : | 28974
77314 10971 1477-6 19147 24083
779-81 11044 14861 19244 24192
78551 11118 14947 19341 24301
79178 £ (11192 15033 19439 24410
797-97 & {11266 15119 19536 3 | 24520
82 | 804:24 || 88 |11384-1 || 44 |1520°5 || 50 | 19635 |} 56 | 24630
810-54 11415 4 115291 19733 24740
81686 11490 % {15878 19831 24850
82321 1156-6 15465 19930 } | 2496°1
829-57 4 | 11641 15552 4 [2002-9 2507-1
83597 11717 15640 20128 25182
84239 11793 1572-8 20228 2529-4
84883 3 111869 & 1156816 20328 % {25405
83 | 855°30 || 89 | 1194-5 || 45 [ 15904 || 51 |2042-8 || 57 | 25517
86179 || ° 12022 § 115992 20528 2562-9
| | 868:30 12099 1 {16081 1 120629 25741
874-84 12176 g 16170 20729 25854
88141 12254 162569 2083-0 25967
888-00 12331 § | 16349 20932 26080
89461 12409 4 116438 2103-3 26193
% | 901-25 & | 12487 % 116528 21185 2630°7
34 | 90792 || 40 | 12565 || 46 | 16619 || 52 |2123-7 || 58 | 2642:0
914-61 4112645 ! 16709 21339 26534
92132 % 112723 % 116800 21441 26649
+ | 92806 12803 16891 21544 26763
4 | 934-82 4 | 12882 16982 21647 26878
941-60 1296-2 1707-3 21750 26993
94841 13042 1718°5 21854 27108
% | 955625 13122 & 117257 % 121957 % | 27224
85 | 962-11 || 41 |1820-2 || 47 |1734-9 || 53 | 22061 || 59 | 27339
96899 13283 17441 22166 27455
97590 } 1138364 117534 2227-0 1127571
982-84 1344°5 2 (17627 22375 27688
989-80 13526 17720 22480 27805
996-78 18608 1781-3 22585 27922
A 10087 13690 17907 22690 28039
% 110108 § {18772 § 118001 + 122796 28156
36 [1017-8 || 42 | 13854 || 48 | 18095 || 54¢ |2290-2 || 60 | 28274
10249 13937 18189 23008 28392
! 10320 14019 18284 23114 4 | 28510
103891 14102 1837-9 [ 2322-1 28628
1046-3 14186 18474 2832-8 4 | 28747
10535 1426°9 18569 23485 28866
3 {10607 14353 1866°5 28542 4 1289085
3 11067-9 14487 18761 23650 29105 §

3
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Table I.—Continued.
Dia.| Area. || Dia.| Area. || Dia.| Area. || Dia.| Aresa. || Dia.| Area,
{Inch. | Inches. {[Inch.| Inches. ||Inch.| Inches. || Inch.| Inches, |{Inch.| Inzhes.
61 | 20224 || 67 | 85256 78 |41853 || 79 | 49016 || 85 | 56745
29844 4 (35388 41997 49172 56912
} | 29464 1 | 8565620 4214-1 g 49327 57079
29585 ! 35652 42985 || § (49483 || & |5724'8
L | 20705 85784 4242-9 4 | 49639 574144
20826 % | 35917 42573 8 | 49795 57582
29947 i 186060 4271-8 § 49951 57750
% | 80069 % 36183 42863 % 160108 4 157919
62 (30190 || 68 |36316|| 74 | 43008 || 80 | 5026'5 || 86 | 5808'8
30312 4 | 86450 j 43158 50422 58257
30434 4 | 36584 % |43299 3 505680 58426
30557 g 86718 43445 50737 58595
4 {80679 86852 (| 4 {48591 ; 50895 4 | 58765
30802 £ | 36987 43738 51054 58935
8092'5 3 | 87122 43884 g 51212 59105
& | 81048 % | 87257 44031 % | 518711 % | 59276
63 | 81172 || 69 [3739-21| 75 |4417-8 || 81 | 51530 || 87 | 5944°6
31296 37528 44326 51689 59617
31420 37664 44478 51848 59789
31544 37800 44621 52008 i | 59960
31669 4 | 87936 4 | 44769 5216'8 6013-2
31794 38073 44918 52328 60304
31919 38210 4 145066 3 | 52488 60476
# | 82044 % (88347 % 45215 & | 52649 6064-8
64| 82169 i| 70 | 88484 || 76 | 45864 || 82 | 52810 || 88 | 60821
32295 38622 3 [ 45514 52971 60994
3 (82421 1 | 88759 1 45663 53132 L | 61167
32548 38898 § 45813 53294 61340
4 | 82674 4 | 39036 + 145963 4 | 53456 4 | 615614
82801 § 189174 2 146113 53618 6168°8
3292-8 3 139313 4 146264 53780 61862
3305°5 3 139452 & |46415 5394'3 % | 62086
65 | 3318-3 || 71 | 89592 || 77 | 46566 || 83 | 54106 || 8Y ! 62211
3331-0 j 39731 } {46717 54269 3 | 62386
3 133438 1139871 46869 54432 } 162561
} | 88567 4001-1 47021 54596 # 162736
838695 40151 4717:3 4 | 54760 4 | 62912
8882-4 4029-2 47325 54924 4 163088
8895°3 40432 3 | 47477 55088 £ |6326:4
4 | 34082 % 140673 % 47680 & 165253 % | 6344°0
66 | 34212 2 (40715 (| 78 | 47783 || 84 | 55417 || 90 | 63617
34341 40856 § | 47987 55582 3 | 63764
1 {84471 40998 1 148090 4 |65748 63971
84601 41140 § | 48244 55913 64148
34732 4 | 41282 4 148398 56079 64326
34863 41425 § | 48562 56245 8 | 64504
34993 4 | 41567 4 | 48707 3 156411 4 | 64682
i | 35125 % 141710 % | 488671 % | 56578 % 164860
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Table I.—Continued.

Dia.| Area. || Dia.| Area. || Dia,| Area. || Dia.| Area. || Dia. Aren.!
Inch. | Inches. ||Inch.| Inches. ||Inch.| Inches. |(Inch.{ Inches. {|Inch.| Inches.
91 | 65038 || 93 | 67929 || 95 | 70882 || 97 | 73898 || 99 | 76977
85217 ! 68111 71069 i 74088 7771
65396 1 168204 71255 74279 77366
65576 6847-8 71443 § | 7447°0 77561,
85755 6866°1 4 | 71630 4 | 74662 77756
65935 6884-5 71818 £ | 74853 & | 77952
66115 69029 72006 4 {75045 7814-7
% 166295 69213 1| 7219+4 3 | 76237 § 78843
92 | 6647:6 || 94 | 69397 || 96 | 72882 || 98 | 75429 || 100 | 7854-0
8665°7 3 | 69582 72571 § 75622
66838 1 169767 72759 3 | 75815
67019 69952 72949 § | 76008
4 |16720°0 4 | 70138 73188 4 | 76201
67382 70323 7332'8 § | 76394
67564 70509 3 | 73517 4 176588
67764 7069'5 73707 & 176782

By this Table, when the number of inches in the diameter
of the piston is known, the number of square inches in its
arga can be found on inspection.

QuEsTION 1.—@Qiven the diameter of the piston in inches, to find its
area in square feet.

Rure 1.—Find in Table I. the number of square inches in the arca.
Divide the number thus found by 144. The quotient will be the area
of the piston in square feet.

ExaumrLE—To find the area of a piston in square feet whose diameter
is 86§ inches.

By Table I. we find that the area in square inches is 5910'5. Dividing

this by 144 we obtain
. 144 )5910'5

41-04

which is the area in square foet.

QuestioN IL—@iven the diameter of the piston in inches, and its
speed in feet per minute, to find the number of cubic feet of
steam per howr which passes through the cylinder. .

RuLe 2.—By Rule 1, find the area of the piston in square feet, Mul-
tiply this by the speed of the piston in feet per minute, and the product
will be the number of cubic feet of steam which passes through the
cylinder per minute. Multiply this last by 60, and the product is the
number of cubic feet per haur.



108 RUDIMENTARY TREATISE

Exaurre.—A 50-inch piston moves at the rate of 180 feet per minute.
‘What number of cubic feet of steam per hour passes through the
cylinder?}

By Rule 1, we find the area of the piston to be 17°36 square feet.

Multiply this by 180: - ’

17-36
180
8124'80
60

18748800
which is the number of cubic feet of steam per hour which passes
through the cylinder.

In the following table is given, in the 1st column, the total
pressure of steam in pounds per squar® inch; in the 2nd
column, the corresponding temperature ; in the 8rd column,
the number of cubic inches of steam, which would be produced
by one cubic inch of water ; and in the 4th column, the total
mechanical effect produced by the evaporation of a cubic inch
of water under the pressure expressed in the first column.

TABLE IIL
Total Cubic Inches of |Mechanical Effect ofa
Pressure in Steam produced by | Cubic Inch of Water
Pounds per Corresponding a Cubic Inch of | evaporated in Pounds
Square Inch. Temperature. ‘Water. raised One Foot.

1 1029 20868 1739

2 1261 10874 1812

3 1410 7437 1859

4 152-3 5685 1895

b 1614 4817 1924

6 169-2 8897 1948

7 1759 8376 1969

8 1820 2983 1989

9 1874 2674 2006

10 192-4 2426 2022

11 197-0 2221 2036

12 2013 2050 2050

18 2058 1904 2063

14 2091 1778 2074

15 2128 1669 2086

16 2163 1573 2097

17 2196 1488 2107

18 222-7 1411 2117

19 2256 1343 2126

20 2285 1281 2135

21 2312 1225 2144

22 2338 1194 2152
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Table II.—Continued.

‘Total Cubic Inches of Mechanical Effect of a
Pressure in Steam produced by | Cubic Inch of Water
Pounds per Corresponding a Cubie Inch of evaporated in Pounds

8 Inch. Temp ‘Water. raised One Foot.
28 2363 1127 2160
24 2887 1084 2168
25 2410 1044 2176
26 2433 1007 2182
27 2455 973 2189
28 2476 941 2196
29 2496 911 2202
30 2516 883 2209
31 2536 857 2215
32 2555 833 2221
83 257-3 810 2226
84 2591 788 2232
35 2609 767 2238
36 2626 748 2243
37 264-3 729 2248
38 2659 712 2258
39 2676 696 2259
40 2691 679 2264
41 2706 664 2268
42 2721 649 2278
438 2736 635 2278
44 2750 622 2282
45 2764 610 2287
46 2778 598 2291
47 2792 586 q 2296
48 2805 575 2300
49 2819 564 2304
50 2832 554 2308
51 2844 544 2312
52 2857 534 2316
53 2869 525 2320
54 2881 516 2824
55 2893 508 2327
56 2905 500 2331
57 2917 492 2335
58 2929 484 2339
59 294-2 ° 477 2343
60 2956 470 2847
61 296-9 463 2351
62 298-1 456 2355
63 2992 449 2359
64 800-3 443 2362
65 301-3 437 2365
66 802-4 431 2369
67 3084 426 2372
68 3044 419 2875
69 3054 414 N 2378 ]
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Table II.—Continued.
Total Cubic Inches of |Mechanical Effect of &,
Pounds o Corresponding St:.& f.f“}:.;’ﬁ“o}” Svulponmc ht:gif P‘gulnt;:
8quare le::rh. Temperature. ater, raised One Foot.

70 3064 408 2882
71 3074 408 2385
72 3084 398 2388
73 3093 398 2391
74 310-3 388 2394
75 8112 383 2397
76 3122 879 2400
7 8131 374 2403
78 8140 370 24056
79 314-9 366 2408
80 3158 362 2411
81 3167 358 2414
82 3176 354 2417
83 3184 350 2419
84 3193 346 2422
85 8201 342 2425
86 3210 339 2427
87 3218 3356 2430
88 3226 332 2432
89 3235 328 2435
90 3243 325 2438
91 3251 322 2440
92 3259 319 2443
93 3267 316 2445
94 3275 313 2448
95 3282 310 2450
96 3290 307 2453
97 8298 304 2455
98 3305 301 2457
99 331-3 298 2460
100 3320 295 2462
110 8392 271 2486
120 8458 251 2507
130 852-1 233 2527
140 8579 218 2545
150 8634 205 2561
160 3687 . 193 2577
170 3736 183 2593
| 180 3784 174 2608
190 3829 166 2622
200 3873 158 2636
210 3915 151 2650
220 39556 145 2663
230 3994 140 2675
240 4031 134 2687
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Having these tables before us, we shall be enabled to solve,
by the common principles of arithmetic, a multitude of prac-
tical problems of considerable utility, the investigation of
which will further illustrate and familiarise the principles
which have been delivered in general terms throughout this
volurfte.

By the power of a boiler, I would be understood to mean,
in what follows, the number of cubic feet of water which the
boiler would evaporate per hour in regular operation.

By the speed of the piston, I mean to express the average
number of feet per minute through which the piston is moved.

The engine being understood to be in regular and uniform
operation, the total resistance of the piston will be equal to
the total pressure of the steam upon it; and the resistance
of the piston per square inch of surface will therefore be
equal to the pressure of the steam in the cylinder per square
inch of surface. These terms, therefore, may be taken as
gsynonymous. In general, the term pressure of steam is
understood to mean pressure per square inch.

The 3rd column in Table II., which is given as expressing
the number of cubic inches of steam of a given pressure pro-
duced by the evaporation of a cubic inch of water, will
equally express the number of cubic feet of steam produced
by a cubie foot of water, or, in general, the ratio of the volume
of steam to the volume of water from which is it produced.

QuestioN IIL.—Given the power of the boiler, the pressure of the
steam in the cylinder, and the speed of the piston, to find the
diameter

RuLs 8.—In the first column of Table II. find the given pressure;
the corresponding number in the third column is the ratio of the
volume of such steam to the volume of water which produced it.

Multiply the power of the boiler by such number, and the product will

be the number of cubic feet of steam per hour which passes through

the cylinder, which, divided by 60, gives the number of cubic feet per
minute which passes through the cylinder. Divide this by the speed
of the piston expressed in feet per minute, and the quotiert will be

the area of the piston expressed in square feet. Multiply this by 144,
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and the product will be the area of the piston expressed in square
inches, Find this number, or the nearest to it, in the second column
of Table L, and the corresponding number in the first column will be
the diameter of the piston in inches.

ExampLE.—A boiler evaporates 55 cubic feet of water per hour.
The pressure of steam in the cylinder is 201bs. per square inch.
What must be the diameter of the cylinder, s0 a8 to give the plston a
speed of 200 feet per minute ?

By reference to the first column of Table IL, we find, opposite the
pressure of 201bs. in the first column, 1281 in the third column.

Multiply 1281 by 55
Py Y 12?1
5

70455

6070455 .
117425
200)1174-25
58712

58712
144

8454528
In the second column of Table I. we find 845:39 opposite 32} in. or
82{f in,, and 84888 opposite 32§ or 82{4.
If, then, we take a mean between these, we may assume the diameter
of the cylinder required to be 3213 inches,

Divide this by 60 :
Divide this by 200:

Multiply this by 144 :

QuzstioN IV.—Given the diameter of the piston in inches, the
total resistance <t opposes to the moving power, and its, speed,
to find the power of the boiler.

RuLE 4.—Find in the first column of Table I. the given diameter.
The corresponding number in the second column will be the area in
square inches. Divide the total resistance of the piston by this number,
and the quotient will be the resistance per square inch, or the pressure
of the steam. Find this pressure in the first column of Table II., and
the corresponding number in the third column will be the ratio of the
volume of steam to the volume of water which produces it. The volume
of steam will be found by Rule 2. Let this column be divided by the
number obtained as above from Table [I., and the quotient will be the
power of the boiler.,

ExaupLE.~It i8 required to find how, many cubic feet of water per
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hour the boiler must evaporate to drive & piston of 84 inches diameter,
at the rate of 200 feet per minute, against a gross resistance of 18,000 Ibs.
Opposite 84 in the first column of Table L we find in the second
column 907-92.
Divide 18,000 by 907°02:
907-92)18000
19-8
Looking in the first column of Table II., the nearest number to 198
is 20, opposite to which, in the third column, we find 1281 :
By Rule 1, wé find the area of the piston to be in square feet.
144)907-92
6-306

By Rule 2, multiply this by 200 :
6305
200
1261-

1261
60

75660

1281)75660
5906
The boiler must therefore evaporate 59 cubic feet of water per hour.

Multiply this by 60 *

Divide this by 1281:

QuEstION V.—GXven the power of the boiler, the diameter of the
piston and its speed, to find the pressure of steam upon the
piston, or, what is the same, its resistance per square inch.

RuLE 5.—By Rules 1 and 2, find the number of cubic feet of steam
per hour which passes through the cylinder. Divide this by the power
of the boiler, and the quotient will be the number of cubic inches of
steam which would be produced by a cubic inch of water. Find this
number, or the nearest to it, in the third column of Table IL, and the
corresponding number in the first column will be the pressure of steam
in the cylinder, or the resistance of the piston per square inch.

ExaMpLE.—What total resistance per square inch will a 35-inch piston,
supplied by a boiler evaporating 55 cubxc feet an hour, drive at the
rate of 200 feet per minute?

In Rules 1 and 2, we find the number of cubic feet which pass through
the cylinder as follows : the diameter of the piston being 85 inches, we
find by Table I. that its area is 96211 square inches; and by Rule 1,
that this is equal to 6'68 square feet. Multiplying this by 200, by
Rule 2, it gives the product 1336, which, multiplied by 60, gives 80160
as the number of cubic feet of steam which passes through the cylinder
per hour. Divide this by 55, and we find the quotient 14574 Looking



114 RUDIMENTARY TREATISE

in the third column of Table IT., we find the number 1488 opposite 17,
and 1411 opposite 18. Taking a mean between which, we may assume
the required pressure to be 17} 1bs. per square inch.

QuastioN VI.—G4veén the power of the boiler, the pressure of steam
in the cylinder, and the diameter of the piston, to find its speed.
RuLE 6.—In the first column of Table II. find the given resistance or

pressure : the corresponding number in the third column, multiplied

by the power of the boiler, will give the number of cubic feet of steam
per hour which passes through the cylinder. Divide this by the area
of the piston in square feet, found by Rule 1, and the quotient will be
the speed of the piston in feet per hour, which, divided by 60, will be
the speed of the piston.

ExampLE.~—With what speed will a 85-inch piston be driven against

a resistance of 20 lbs. per square inch by a boiler which evaporates 56

cubic feet of water per hour?

Opposite to 20 in the first column of Table II. we find, in the third
column, 1281, Multiply this by 56 :
1281
56
71786
By Rule I, we find that the area of the piston in square feet is 6:58.
Divide 71786 by 668 :
6'68)71736
10789
Divide this by 60, and the quotient, 179, very nearly, will be tha
speed of the piston.

CHAP. XXVII.—ILLUSTRATIONS.

The following diagrams and descriptions of the prineipal
parts of steam engines, which have been explained in general
terms in the preceding chapters, will render the principles
which govern the operation and structure of these machines
still more clearly and easily understood.

MERCURIAL STEAM GAUGE FOR LOW-PRESSURE BOILERS.

In the following figure this instrument is represented:
¢ is a tube leading from that part of the boiler within which
steam is contained; & a stop-cock to open or close the
communication at pleasure; M bm is a siphon tube of iron,
which extends to a height sufficiently great for a column of
mercury representing the pressure of steam in the boiler.
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At M m are two small apertures,
stopped by screws, which can be
opened or closed at pleasure. The
tube is filled through an opening at &
until the mercury shall flow from the
holes M 7. The opening = is then
closed as well as the apertures M m,
a small quantity of water having been
previously let in through the opening
B, on the surface of the mercury at M.
A float is placed upon the mercury in
the longer leg of ‘the siphon, from
which a string is carried over the
pulley p, to which a small index (s) is
attached, which plays upon a divided
scale.

Let us now suppose the stop-cock
d opened, steam will flow from the
boiler and press upon the fluid in e.
The column of mercury inthe leg M b
will be pressed down to some point,
such as @, and the column in the
longer leg of the siphon will be raised
to a point #, as much above m as #in
the short leg is below M.

As the mercury in the long leg
rises, it will raise the float, the coun-
terpoise of which (s) will of course
descend, and the scale is so adjusted
that it indicates the height of the
column of mercury from « in the
short leg to « in the long leg, which
column balances the pressure of
steam in the boiler, or more correctly
speaking, it balances the excess of
the pressure of the stdam in the

£
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boiler above the atmosphere; in fact, the atmosphere, prese-
ing through the open mouth of the tube upon the mercury
in the longer leg, combines with the column of mercury z »
in balancing the pressure of steam in the boiler. If, then,
2 inches of mercury be taken to express a pound per square
inch, to which it is very nearly equal, such gange will at once
indicate the number of pounds per square inch by which
the pressure of the steam in the boiler exceeds that of the
atmosphere.

MERCURIAL STEAM GAUGE FOR HIGH-PRESSURE BOILERS.

In high-pressure boilers, a mercurial gauge of the form
shown in the preceding figure would be incon-
venient, owing to the great height of the
column of mercury which would be necessary.
In this case a gauge of another form is made
use of, an example of which is shown in the
annexed figure. Let A B be a cistern of mer-
cury; let £ be a glass tube, open at the lower
end and closed at the upper end, immersed in
the mercury, and containing air in its ordinary
state. 'When the stop-cock & is open, the
steam from the boiler rushes through the pas-
sage 0, and pressing on the mercury in the cis-
tern, will raise a column of mercury in the
tube, by which the air in the tube will be com-
pressed. When the air is compressed into
half its original bulk, its pressure will be
doubled ; when it is compressed into one-third,
its pressure will be increased in a three-fold pro-
portion, and so on. The pressure of the steam,
therefore will be measured by the space into
which it is able to compress the air in the tube.
‘When great accuracy is required, & slight cor-
rection will have to be made for the column of

' mercury sustained in the tube, 4 a Ib. per square
inch being added to the pressure indicated by the compres-
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gion of the air for every inch of mercury sustained in the
tube.
BAROMETER GAUGE,

This gaoge is constructed in various forms. In the
annexed figure the cistern A contans mercury;
the barometer tube is immersed in it, and the top
of the tube, formed into a siphon, communicates
with the condenser; a stop-cock P being placed
between them, so as to opem or close the com-
munication at pleasure.

SIPHON BAROMETER GAUGE.

The following figure is another form, in wh.ch
the barometer is a siphon, like the steam gauge.
The tube and stop-cock P communicate with the
condenser, and the other leg of the siphon is open

o the atmosphere. A hole, stopped by the screwq,
is placed in one of the legs : mercury being poured
in at the other leg, the siphou is filled until the
mercury begins to flow from the hole . The
fluid then will stand at the same level in both
legs. The hole @ being then stopped, and the
stop-cock P opened, the upper part ® @ of the tube will be
filled with the uncondensed vapour of the
condenser, which will of course press upon
the column of mercury in the siphon.

The other leg of the siphon «, being open
to the atmosphere, will be subject to the
atmospheric pressure; and the column of
mercury in the leg P @, which is above the
level #, will represent the excess of the pres-
sure of the atmosphere above the pressure of
the uncondensed steam, which is the indi-
cation the barometer gauge is required to
give.

This siphon being madg of iron, a float is
placed on the mercury at #, having a rod,
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-ab the top of which is an index, which plays upon a scale so
graduated as to express the difference of level of the mercury
in the two legs of the siphon.

GLASS WATER GAUGE.

In the annexed figure is represented the glass water gauge
described in the text. Its communica-
tions with the boiler are opened and
<losed at pleasure by the cocks 7. When
the cocks r are both open, the upper
end of the tube & is in free communica-
tion with the upper part of the boiler
where steam is contained, and the lower
end of the tube @ is in communication
with the lower part of the boiler where
water is contained.

‘Water enters below and steam above,
and ax the pressure in the gauge tube is
the same as the pressure in the boiler,
the level of the water in the tube will be
the same as the level of the water in the
boiler. At the bottom of the tube is
placed a stop-cock &, for the occasional discharge of water
from the tube.

=SSN

THE SPRING SAFETY VALVE FOR INIGH-PRESSURE BOILERS.
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In the preceding figure is represented the safety valve, as
used in high pressure engines. The conical valve is repre-
sented in its seat, its spindle s being pressed down at A by
the lever A 0. ¢ is a fixed pivot, on which the lever plays.
The pressure on the spindle of the valve at A is produced by
a nut at B, which presses that end of the lever downwards.
This nut works upon a screw, which screw is attached to a
spring balance 1, the lower end of which is firmly attached
to a fixed point p. The nut at B, may be turned so as to
submit the valve to any pressure within the limit of the
action of the spring balance. As the nut is turned, the
spring becomes more and more compressed. An index and
scale are attached to the balance, the scale being so divided
a8 to express the number of pounds per square inch by
which the valve is pressed upon its seat. Thus, if the nut B
be turned until the index shows the pressure of 50 lbs., then
the force on the valve will be at the rate of 50 lbs. per square
inch, and the steam will be confined in the boiler until it
has attained such pressure: when the pressure exceeds that
limit, the lever at B will, by the action of the steam on the
valve, press the nut upwards with o force greater than the
cnergy of the spring, and the spring will consequently be
further compressed, the valve at the same time opening and
allowing the escape of the steam.

There is nothing in the principle of this valve essentially
different from the common safety valve, directly loaded with
4 weight ; but in boilers where high-pressures are used, the
quantity of weight which it would be necessary to place on
the valve, would be inconvenient. A comparatively small
force, holding B downwards, will produce a multiplied effect
at A, in the proportion of the length of the lever B 0 to A c.
Thus, if B ¢ be 20 times A ¢, aforce of 5 Ibs. at B will produce
100 Ibs. at a.
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WATT’S INDICATOR.

This little instrument, slready described in the text,
will be rendered ‘more intelligible by the annexed dia-
gram; fig. 1 representing a
front view in section, and
fig. 2 a side elevation. The
rod attached to the piston
plays through a collar at a.
At # is a pencil holder. At
& is a screw by which the in-
strument is inserted in a hole
provided for it in the top of
the cylinder. At dis a stop-
cock, by which a communica-
tion may be open or shut at
pleasure between the indicator
- and the cylinder. The piston-
rod of the indicator is sur-
rounded by a spiral spring,
the lower extremity of which
is attached to the piston,
and the upper extremity to
a fixed piece @, containing the hole through which the
piston-rod plays. When the piston rises, the spring is
compressed ; and when it falls, the spring is extended.
The spring is in equilibrio when the piston is at the middle
of the cylinder, and the space through which it rises
and falls is, from the known properties of this species of
spring, proportional to the force which presses the piston
upwards or downwards. When both extremities of the
cylinder are open to the atmosphere, the spring is at rest,
and the piston in the middle of the cylinder; but when
steam is allowed to pass from the cylinder to the indicator,
by opening the stop-cock & such steam will press the piston
upwards, and compress the spring with a force equal to the
excess of the pressure of the steam above that of the

b A

I
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Fig. 1. Fig. 2.
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atmosphere. 'When, on the other hand, a vacuum is pro-
duced in the cylinder by the condensation of the steam, the
same vacuum will be produced under the piston in the
indicator, and the piston will be forced downwards by the
excess of the pressure of the atmosphere above that of the
uncondensed vapour in the cylinder.

If an index were placed near the extremity of the piston-
rod #, the pencil, ascending and descending on this index,
would indicate by the space through which it would ascend
the excess of the pressure of the steam over that of the
atmosphere, and by the space through which it would
descend, the excess of the pressure of the atmosphere over
that of the uncondensed vapour. Both spaces added to-
gether, or the entire play of the piston, would therefore
indicate the excess of the pressure of the steam above the
pressure of the uncondensed vapour which resists it, and
would therefore indicate the effective force of the piston,
exclusive of friction.

But as the piston of the indicator would be in rapid and
continued motion, it would not be easy to observe and
record the limits of its play, and still more difficult to note
the rapidity of s motion. An ingenious expedient was
therefore contrived to enable the engine itself to record
these effects, which converted the indicator into a self-
registering instrument. A small square frame A B was
constructed, the breadth of which was somewhat greater
than the extreme play of the piston of the indicator. In it
was placed a card, capable of sliding in a horizontal
direction in grooves: a string ¢ was fastened to the side of
the card, and, passing under a pulley, was carried upwards
towards b, and attached to some part of the machinery which
rises and falls with the piston of the engine. Another string £
was attached to the other side of the card, and carried over a
pulley and fixed to a small weight w. When the piston rises,
the string e is drawn to the left, the card drawn in the same
direction, and the weight*w rises. ‘When the piston falls, the
weight w acting on the string f; draws the card to the right.
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Thus, as the piston rises and falls, the card is drawn
alternately through a certain space left and right.

Let us now suppose steam admitted above the piston of
the engine, pressing the piston down; this steam presses
the piston of the indicator up, and the pencil #, passing on
the card, would, if the card were at rest, mark upon it a
straight line, the length of which would indicate the
pressure of the stearn; but as the card is drawn from left
to right while the piston falls, the pencil will deseribe upon
it.a curve by the combined effects of the vertical motion of
the pencil and the horizontal motion of the card. The
suddenness of the curvature thus described will indicate the
rapidity of the action of the steam on the piston.

‘When the piston has reached the bottom of the cylinder,
and the upper exhausting valve is opened, a vacuum is
produced in the cylinder, which the vacuum extends to the
indicator, the piston of which therefore descends, the pencil
¢ descending at the same time and at the same rate. While
this takes place, the card is moved from right to left, and a
corresponding curve described upon it by the pencil, the
curvature of which will indicate the suddgnness with which
the vacuum is produced, as well as its degree of perfection.

From what has been stated, it will appear that in a single
ascent and descent of the piston, or in one stroke, as it is
technically called, a diagram will be formed upon the card,
which will exhibit not only the entire mechanical effect of
the steam acting on one side against the uncondensed vapour
on the other, but will show the entire character of its
progressive action at every point of the stroke. Such a
diagram is exhibited in the following figure. Let o x be a
horizontal line. Let o Y be the vertical scale which
measures the pressure of the steam according to the move-
ment of the indicator. Let o be the level to which the
pencil would be depressed, if there were a perfect vacuum
in the cylinder; then the height of the pencil at any moment
sbove the level of the horizontal fine o x will indicate the
absolute pressure of the steam in the cylinder, independently
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of any consideration of the pressure of the atmosphere. Let
A be the position*of the pencil at the moment steam is
admitted above the piston. By the action of the steam the
pencil will suddenly start up to B, and after the piston has

m m'm/
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commenced its action, it will rise a little higher, the card
meanwhile being drawn to the left. The line will be traced
on the card by these means, as represented at B m m' and m'.
As the piston approaches the bottom of the cylinder, if the
steam be cut off before the completion of the stroke, the
pressure will diminish, and from ¢ to  the pencil will fall.
Let ® be its position at the end of the stroke, the card being
understood to be moved from right to left through the space
? Q during the stroke. 'We may consider this motion of the
card as representing the motion of the piston, with which it
is simultaneous and proportionate. At the commencement
of the stroke, the height A » of the pencil above o x repre-
sents the pressure of the uncondensed vapour which was
then above the piston; the height B P represents the
pressure of the steam immediately on its admission; the
height m p represents its nearly uniform pressure throughout
the former half of the stroke; and the decreasing height of
the curve from c to E, above the line o X, represents the
decreasing pressure of the steam throughout the remainder
of the stroke. E qQ represents the pressure of the steam at
the termination of the stroke.

The piston now commences its ascent. The upper ex-
hausting valve being opened, and the steam allowed to flow
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to the condenser, according as it is condensed a vacuum is
formed while the piston is rising, and® while the card is
moved back from left to right under the pencil. Starting
from =, the pencil begins to fall, and falls more and more as
the vacuum becomes more perfect. At @ the vacuum attains
its most perfect state, and the line from e towards A con-
tinues nearly horizontal, its height above o x representing
the nearly uniform pressure of the uncondensed steam ;
but just before the termination of the stroke the steam is
admitted from the boiler, and the pencil rises to A. The
height of the curve E @ A at every point represents the
varying pressure of the uncondensed vapour which resists
vhe ascent of the piston.

Now although that portion of the curve below the line A £
represents the state of the vacuum above the piston during
its ascent, it may be taken to represent the state of the
vacuum below the piston in its descent, for the same circum-
stances which affect one equally affect the other; and we may
consider the diagram generally as representing not only the
pressure of the steam which urges the piston downwards, but
also that of the uncondensed vapour which resists its descent.

It appears then that the varying heights of the points of
the upper curve B 0 E represent the varying pressures on the
piston during its descent ; and the average pressure upon the
piston may be obtained by taking the average of these heights.

In like manner, the heights of the lower curve A @ E may
be taken to represent the varying pressures or resistances of
the uncondensed vapour under the piston during its descent :
and the average of all these heights will give the average of
such resistances. If then we subtract the average of these
resistances, represented by the lower curve, from the average
of the pressures represented by the upper curve, we shall
obtain the effective pressure of the steam in urging the piston.

However accurately such an instrument as this may be
constructed, it must be admitted that it cannot be depended
on as affording any exact measure of the power of the piston.
Its chief value, as stated in the text, is the indication 1t
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affords of the degree of perfection of the vacuum and of the
suddenness of its formation. The curve ® @ should fall to
its least height speedily. It is not until it attains its least
height that the yacuum has attained its greatest perfection.
For the rest, the use of the instrument is sufficiently
explained in the text.

BOILERS AND THEIR
APPENDAGES.

In fig. 1 is represented
a waggon boiler in cross e
section, and in fig. 2 the *
same in longitudinal sec-
tion. The same letters
indicate the correspond-
ing parts in the two
drawings.

a is the grate sup-
porting the burning fuel;
b and b represent the
flue which surrounds the
boiler ; e e are the gauge-
cocks described in the

62
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text; & is the steam pipe which leads from the boiler to the
cylinder; gp is the safety-valve, the pressure upon which
may be regulated by the sliding weight ¢.
The lever g p has & fixed pivot at p.
i The spindle of the valve is attached to
§ it at i; % is a fork to keep the lever gp
in its position. The weight ¢ produces
»o  an effect at 4, which is multiplied by the
' lever in the proportion of g p+to ¢ p: thus
if gp be 8 times ¢p, then 2, 1b. sus-
pended at ¢ will produce a pressure of
61b. at 5. The opening which appears
immediately above the valve
isthe end of a discharge pipe
for conducting away the
steam which escapes from

Fig. 2.

the safety valve. When the pressure of the steam in the boiler
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exceeds the pressure produced by the'weight upon the safety
valve, the latter will be raised, steam will escape around it,
and issue through the waste pipe. Sometimes this steam is
allowed to escape into the atmosphere, and sometimes it is
conducted into the cistern of water by which the boiler is
fed, where it is condensed, and has the effect of raising the
temperature of the water. By this means a portion of heat
which would have been otherwise wasted is carried back to
the boiler. The internal safety valve is represented at = y 2.
This valve presses at n within the boiler, and is drawn up
into its seat by the end of the lever 2. y is the pivot which
supports the lever, and a weight suspended from « draws 2z
upwards. 'When a vacuum is produced within the boiler by
the condensation of the steam, the pressure of the external
atmosphere forces the valve % open, and the air enters and
fills the boiler.

The self-acting feeding apparalus is represented at w u k,
§e—A tube I is attached to the top of the boiler, and
descends within it to a point below the level at which the
water should stand. The pressure of the steam within the
boiler, acting upon the water, supports a column of water in
this tube I: on the surface of this water at o rests a float,
sustained by a chain ¢, which passes over two pulleys repre-
sented in figure 1, and which, descending from the second, is
attached to a rod 7, which supports the damper. This chain,
a8 it rises and falls, raises and lowers the damper, and opens
or closes, more or less, the flue across which the damper
passes. .

‘When the pressure of steam in the boiler is unduly aug-
mented, the column of water it supports in I rises; with it
rises the float o, and consequently the damper » falls, con-
tracts the flue, diminishes the draft, mitigates the intensity
of the furnace, and renders the evaporation less rapid in the
boiler. "When, on the other hand, the evaporation in the
boiler does not proceed fast enough, the pressure of the
steam in it is unduly diminished, and the column of water it
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supports in the tube 7 is lowered : the float o falls, and the
damper # rises; the opening of the flue is enlarged, the
draft increased, the furnace stimulated, and the evaporation
augmented.

In this manner the varying demands of the engine on the
boiler are supplied by the varying power of the furnace, the
wants of the engine producing the requisite effect on the
boiler.

The float m rests on the surface of the water within the
boiler; a wire sustaining it passes steam-tight through a
collar in the top of the boiler, and is attached to the
extremity » of a lever which is balanced by a weight w at the
opposite end; a rod is attached at » to this lever, which
descends to the bottom of the small hole in the hot water
cistern %, and is attached to a valve at the bottom of this
cistern which opens upwards. When # rises, this valve is
opened ; when it is pressed down, this valve is closed. The
cistern % is supplied by a small pump called the %ot water
pump, which draws water from a reservoir which receives the
discharge of the condenser of the engine, as thrown out by
means of the air pump.

This water is thus pumped by the engme itself into
the cistern %, and a waste pipe is provided for the
discharge of so much of it as is not consumed by the
boiler.

‘When the water in the boiler begins to be exhausted, the
level falls, and with it the float m; this draws down the
extremity v of the lever, and raises v, by which the valve o is
opened, and the water from the cistern % allowed to descend
by the tube 7; and this continues until the level of the
water in the boiler is raised to the proper point: the float
is raised with it, and the end v of the lever also raised, and
the valve o closed.

In fact, however, the effect produced is not that of opening
and closing the feeding valve o; the latter becomes adjusted
in such a manner as to let a continuous stream from the
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cistern % into the tube I, by which-the level of the water
in the boiler is maintained at its proper height.

All these arrangements will be still more clearly under.
stood by Means of the annexed drawing, which represents
the waggon boiler, with all its appendages, in perspective.

The grate and a part of the flues are rendered visible by the
removal of a portion of the masonry in which the boiler is
set. The interior of the boiler is also shown by cutting off
one-half of the semi-cylindrical roof.
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THE SLIDE VALVES.

In the annexed figures are represented the most usual
forms of slide valves.

Fig. 1. Fig.2. Fig.s.

N
5
H

Fig. 1 represents in section the cylinder, piston, and slide :
8 is the mouth of the steam pipe coming from the boiler ;
¢ is the pipe leading to the condenser; # is the rod which
is attached to the slide, moving through a stuffing-box m a.
This slide is represented in longitudinal section, separately,
in fig. 8, and in transverse section in fig 4. In the position
of the slide represented in fig. 1, the steam passing from the
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boiler enters at s, and passes to the bottom of the cylinder
through the opening 3, and acts below the piston causing it
to ascend. The steam which was above the piston escapes
through the opening at a, and descending through a longi-
tudinal opening in the slide behind the mouth of the steamn-
pipe, finds its way to the pipe e, and through that to the
condenser.

‘When the piston has reached the top of the cylinder, thé
slide will have been moved to the position represented in
fig. 2. The steam now entering at s passes through the
opening & into the cylinder above the piston, while the
steam which was below it escapes through the opening &
and the pipe ¢ to the condenser.

The form of the valve from which it derives its name of
D-valve, is represented in fig. 4. The longitudinal opening
through which the steam descends, then appears in section
of a semicircular form. The packing at the back of the slide
is represented at % ; this is pressed against the surface of
the valve box.

GENERAL ARRANGEMENT OF THE DOUBLE-ACTING STEAM
ENGINE.

In the figure facing the title of this volume is represented
the ‘ensemble’ in section of a double-acting steam engine,
on the principle of Watt, as constructed by Mr. Fairbairn,
of Manchester.

8 is the steam pipe leading from the boiler; c is the
cylinder; = T 7' ¢ is the parallel motion; 4" is the end of
the air pump rod attached to the parallel motion; d is the
upper steam valve ; d’is the lower steam valve; & &' are the
upper and lower valve boxes ; I is the air pump, the piston
being represented while descending, and the valves being
open; k' is the feed pump, the plunger of which is driven by
arod k" attached to the beam at 1. o0 is the cenire of the
beam, F the point at which the connecting-rod is attached
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toit; ¢ is the crank pin; A is the crank; 7 is the jointed
arm, one end of which forms the eccentric, and the other end
works the valves. The fly-wheel is represented as toothed,
and is supposed to drive a pinion. P is a pillar which
supports the governor p, which is connected by a series of
levers p' p” p" with the throttle valve; ¢ m m’ is a part of
- the machinery which transmits the action of the eccentric to
the valves.

THE END.

ERADBURY AND EVANS, FRINTERS, WHITEFRIARS.



A

CATALOGUE OF WORKS

ARCHITECTURE (CIVIL AND NAVAL),
AGRICULTURE, CHEMISTRY, ELECTRICITY,
ENGINEERING (CIVIL, MILITARY, & MECHANICAL),
MATHEMATICS, MECHANICS, METALLURGY,

TIL LIC,

AND

Books i Genersl € Schaol Literature,

INCLUDIRG

-
MR. WEALE’S

SERIES OF RUDIMENTARY WORKS,
SERIES OF EDUCATIONAL WORKS, axp
SLCRIES OF GREEK AND LATIN CLASSICS.

PUBLISHED BY
LOCKWOOD AND CO.
STATIONERS' HALL COURT, LONDON, E C.

' 1859.




WORKB IN GENERAL LITERATURE PUBLISHED BY LObKWOOD & C0.

THE FAVOURITE FIRST FRENCH BOOK FOR A CHILD.

LA BAGATELLE:

Intended to introduce Ghildren of five or six yamold 0 some knowledge of the French
TRovised by Mapauz N. L. New and Cheaper Rdition, much improved,

ﬁn‘l o with entirely new cuts, 18mo, price 2s. 6d., bound and lettered.

‘be found to answer its intended pnrpon in | children; likely to command their attention
respect ; and the v, b&!nma can certainly hy umf lishments.”—Papers for the l-

gnd:‘ :’ Wthc o unt of onre "0 ve:i-d uﬂu ™ A well-known little book, revised, improv
getting-up ll concerned.” — tyg“ lorned with some very vm&y ew pictures, di! ll.

. Tgend e made Tor very htdie
4% ey nios book to be placed in the hands of | Sone T Sk e 1o Fepcng 17 little ebil

Twelfth Bditlon, 8ve, 432 pages, reduced from 10s. 6d. to 7s. 6d. cloth.

LE BRETHON’S FRENCH GRAMMAR:

A GUIDE TO THE FRENCH LANGUAGE.
By J.J. P. Lz Beerrox. Rovised and corrected by L. BANDIER, Professor of Languages.

oA ﬂmou:h practical hook.”—Critic. is its cl and of P
Of the mn{ worka that have come undcr our Sun,
\;;dn for ch, this excels them all “ Deserves universal acceptation e the glainm

ta Advertiser. lished.
“The great merit of this doub

nsmt, cnd eomvlele-t Grammar ever pul

B th Edition, dderably improved, with new plates substituted, 4to, 5s., cloth,
VOCABULAIRE SYMBOLIQUE ANGLO-FRANCAIS;

Pour les Elvves de tout Age et de tout Degré; dans lequel les Mots les plus utiles sont
enseignés par des Illustrations, Par L C. EAGONM', Profosseur de la Langue Franeaise.

A SYMBOLIC FRENCH AND ENGLISH
VOCABULARY.

For Students of every Age, in all Classes; in which the most Useful and Common
Words are taught by Illustrations. By 1. C Ragoxor, Professor of the French
Language. The Illustrations comprise, embodied in the teoxt, accurate representations
of upwards of 850 different o acts, besides nine whole-page copper-plates, beautifully

executed, each conveying, through the eye, a large amount of instruction in the
French Imnguage

o '.l'hls work in the ?lo-French form having been extensively adopted, not only
in Great Britain and on but also in America the publishers have deter-
mined to adapt it to other 1 and by p it in a more portable form, to

render it equally suitable to the ".'l‘omist and the General Scholar. Tho following is
now ready, 8vo, 6., rod cloth, lettered,
SYMBOLISCHES ENGLISCH-DEUTSGHES WORTERBUCH:
THE

SYMBOLIC ANGLO-GERMAN VOCABULARY;

dapted from the above work. Edited and Rovised by Farck Lresamw, Ph.Dr.,
Auc or of *‘German in One Volume,” ‘‘The German Belf-Instructor,” &e. With
850 woodouts, and eight full page lithographic plates.

THE CHEAPEST SCHOOL ALGEBRA.
Seventh Edition, 12mo, 800 pages, reducedsto 8s. 6d., bound,

NICHOLSON AND ROWBOTHAM’S PRACTICAL
SYSTEM OF ALGEBRA.

DESIGNED FOR THE USE OF SCHOOLS AND FRIVATE STUDENTS,

-

THE
4 HISTORICAL LINES or DR. GREY:S TECHNICAL MEMORY.

‘With various additions, ohieﬂy u thc sﬂ;cﬁlg to modem hlsr,ory Arranged fer
genoral use.




CATALOGUE OF WORKS

ARCHITECTURE, AGRICULTURE,
CHEMISTRY, ENGINEERING, MATHEMATICS, MECHANICS,
METALLURGY, &c. &c.

PUBLISHED BY

'LOCKWOOD & CO,,

STATIONERS HALL COURT, E.C.

COMPLETE LIBRARY OF THE MILITARY SCIENCES.

TTiree vols., royal 8vo, upwards of 500 Engravings and Woodcuts, in extra cloth boards,
and lettered, 4. 10s. ; or may be had in six separate parte, paper boards,

AIDE-MEMOIRE TO THE MILITARY
SCIENCES.

Framed from Contributions of Officers of the different Services, and edited by a Com-
mittee of the Corps of Royal Engineers. The work is now completed.,

*.* This work is admirably adapted as a present to the young Military Student, and
should find a place on the shelves of every Regimental Library, It is rccommended
to the notice of Volunteer Rifle or Artillery Corps.

—_—

ALBAN ON THE HIGH PRESSURE ENGINE.
| In 8vo, with 28 fine plates, 16s. 6d. cloth,

. THE HIGH PRESSURE STEAM ENGINE.

An Exposition of its Comparative Merits, and an Essay towards an Improved System
of Construction, adapted especially to secure Safety and Economy.

By Dr. ERNST ALBAN,
Practical Machine Muker, Plau, Mecklenberg.

TRANSLATED FROM THE GERMAN, WITH NOTXS,
By Wu. Poig, C.E,, F.R.A.8,, Assec. Inst. C.E.

BUCK ON OBLIQUE BRIDGES.
Second Edition, imperial 8vo, price 12s. cloth,

A PRACTICAL AND THEORETICAL ESSAY
ON OBLIQUE BRIDGES,

‘With 13 large Polding Plates,
By GEORGE WATSON BUCK, M. Inst. C.E.
Sevond Edition, corrected by W. I, Bartow, M. Inst. C.B
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CARR'S SYNOPSIS.
Kecond Bdition, in 18mo, cloth, 5s.,

A SYNOPSIS OF PRACTICAL PHILOSOPHY.

ALPHABETICALLY ARRANGED,

vontaining a great variety of Theorems, Formulm, and Tables, from the most ascurate
and recent authoritics, in various branches of Mathematics and Natural Philosophy :
to which are subjoined small Tables of L ith Designed as a M 1 for
'feaveliers, Architects, Surveyors, Engineers, Students, Naval Officers, and other

Men.
By the Rev. JOHN CABR, M.A.,
Late Fellow of Trinity College, Cambridge.

*,% Brr Joun Macxier, C.E., & good authority, recommends this work to his pupils
and friends,

-

—_—,——

NICHOLSON’S CARPENTER'S GUIDE and PYNE'S RULES on DRAWING.
A New Edition, with T4 plates, 410, price 11, 1s. cloth,

THE CARPENTER'S NEW GUIDE;

Or, Book of Lines for Carpenters. Comprising all the Elementary Principles essential
for acquiring a knowledge of Carpentry, founded on the late PE1TER NICHOLSON’S
standard work.

A New Edition, revued by ArraUR Asmpiren, Arch., F.8.A.;
TOGETHER WITH PRACTIOAL RULES ON DRAWING,
By Georer PyxE, Artist,

- DEMPSEY'S PRACTICAL RAILWAY ENGINEER.
In One large Vol. 4to, price A. 12s. 6d. cloth,

THE PRACTICAL RAILWAY ENGINEER.

A Concise Description of the Engi ing and Mechanical Op 1 and Btructures
‘which are combined in the Formution o! nxulwuys for Public Trafflc; embracing an
A t of the Principal Works d in the Construction of Railwnys to the Pres

gent Time; with Facts, Figures, and Data, intended to assist the Civil Engineer in
designing and exscuting the important Details required for those Great Public Works.

By G. DRYSDALE DEMPSEY, Civil Engineer.
Fourth Edition, revised and greatly extended.
‘With 71 double quarto plates, 72 woodcuts, and Portrait of GEORGE STEPHINGON,
LIST OF PLATES,

1 Cuttings 33 Creosoting, screw-piling, &c. | 53 Watering & m'ntul-
2—4 Eu'thworlu. excnvnlinz 84 Permanent \uy and rails
tto, embanki: 45 Ditto, chal 54 Ditto, B. Demh of pumps
6 Ditto, ‘f: 38 mo. ﬁ:b- olnt-. &e. 55 Ditto, etails of en;me-
S nml under brid; sl 37 Ditto, fish-)oint chairs b6 Dit w, (D. Crnnen
rick and tlo-e culverts 38—9 Dltlo. caut-iron sleepers,&c. | 57 Hoisting machinery
49 Paved er%l 40 Ditto, Stephenm s, lh'wnel':i 68 Ditto, details
hkry - Al a"x" o Doty Jacaeills, 6 Ditte, aeraih
=] , bric stone
15--18 Ditto, iro: 41 Ditto, Crossings 61 Station-roof at Kln"l Cross
’;—!l mm. !hnber 43 Ditto, ditto, details 63 Ditto, Live
tres 43 Ditto, -pnng-cm-lnp, 63 Ditto, Birm nlh-m
“Pont de I.Inntlolﬂl” 41 Ditto, turn-table 64—5 Il&llway Carriages
n B mt da Che: 45—8 Terminal station 66 Ditto, details
2 um-don Hdﬂ 47—48 Stations « 678 luhvuy Trucks and wheels
0 bridge b0 Goodn stations 69 Iron and covered wi
ket | 1 T N
-house an
ﬂbouﬁ:ofcuplwwbﬂdn 72 Portrait
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BARLOW ON THE STRENGTH OF MATERIALS,
Nine Rlustrations, 8vo, 18s. cloth,

TREATISE ON THE STRENGTH OF TIMBER,
CAST TRON, MALLEABLE IRON,

And other Materials ; with Rules for Applieation in Architecture, the Construction of
Suspension Bridges, Raxlwnyn. &c.; and an Appendix on tho Powers of Locomotive
Engines on horisqntal planes and gradients,

By Pl?TER BARLOW, F.R.8.,
Hon. Member Inst. Civil Engineers, &e.

A New Edition by J. F. HeatmER, M.A,, of the Royal Military Academy,
‘Woolwich,
WITH AN ESSAY OX THE EFFEOTS PRODUCED BY CAUSING WEIGHTS T0 TRAVEL
OVER ELASTIC BARS,
By Pror. WiLuis, of Cambridge.

—e
GREGORY'S MATHEMATICS, BY LAW,

Third Edition, in 8vo, with 18 Plates, very neatly half-bound in morocco, 11. 1s.

MATHEMATICS FOR PRACTICAL MEN.

Being a Comamon Place Book of Pure and Mixed Mathematics, designed chiefly for the
use of Civil Engineers, Architeots, and Surveyors.

By OLINTHUS GREGORY, LL.D,, F.R.A.8. .
Third Edition, revised and enlarged by HeExry Law, Civil Engineer.
CONTENTS,
PART 1.—PURE MATHEMATICS. p PAB}‘ i} -—}Elxxl!{) !GTATH‘EMCA;I‘IC% 8t
Chapter I Arithmetic.—Chap. I1. Alxcbra.~Chap. ‘_"%“" cchanics in General.—CGhey .
111, Geometry.—Chap. 1V. Mensuration.—Chap, | to%—Ehar. mHu n','.;\"':f..'mu:c-h‘ innp. V1. Fawe:
V. Trigonometry.—Chap. V1. Conic Sections.— | matics. echanical a; enn—-Clmp.
Chap. VIL Properties of Curves. VIIL. Stl!ng(h of Matemh —Apm:i Tables,
PO SR,

A COMPLETE BODY OF HUSBANDRY, BY YOUATT.
Teath Edition, much enlarged, with nugmzo:; cfngmvingt, 8vo, price 12s. cloth, lettered,

THE COMPLETE GRAZIER,
AND FARMER'S AND CATTLE BREEDER'S ASSISTANT.,
A Compendium of Husbandry : containing full fnstructions on the breeding, rearing,
1 and medi

1 treatment of every kind of stock, the management
of the dairy, and the arrangement of the farm offices, &c.; description of the nowest
and best agricultural implements ; directions for the cu' mre and management of grass

Jand, and of the various natural :ud artificial grasses, draining, irrigation, warping,

manures, &c.
By WILLIAM YOUATT, Esq., V.8,
Member of the Royal Agri. Soc. of England; Author of ¢ The Hora>, " * Catile, " &c,
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THE GREAT EABTERN AND IRON SHIPS IN GENERAL,
Second Edition, Atlas of Plates, with separate tesiffffrice 10 5s.,

ON IRON SHIP-BUILDING. )

With Practical Examples and Details, in Twenty-four Plates, Including three of the
Great Bastern, together with Text containing Descriptions, Explanations, and General
Remarks, for the use of Ship-owners and Ship.builders,

By JOHN GRANTHAM, C.E.,
Oonsulting Engineer and Naval Architect, Liverpool.

#4% A work on the construction and build of Ships, by ¢he application of Iron, has
become now of the utmost importance, not only to Naval Architects, but to Engineers
and Ship.owners, The present Work has been prepared, and the subjects drawn, in
elevation, plan, and detail, to & scale useful for immediate practice, in a folio eize,
with figured dimensions, and a small Volume of text (which may be had separately,

price 22, 6d.)
DEECORIPTION OF PLATES.
1 Hollow and bar keels, stem and stern posta. tion, wltlundvicw stern frame for screw, and

3 Side frames, ﬂunﬂu(-, and blll‘ pieces.
8 Floorings continued — keelso) deck beams, | 14 Lar e mul. showing detaile—Midskip scction,

wales, and string
4 (ﬁlnwnln cnmin —Jower dech, and orlop | 15 laa*uu for pnnc’hln: nnd shearing plates lnd
ngle-iron, and erdding plates ; rivet
BAn‘hhvn.'l‘lron ﬁlwn.bulbhon,um\lad hu
for ip-buil 18 Machmu.—enhmh’- rlvethlg machine, drilling
6 Rivets, -hmvn n sec natural size, fush and unter
p!na Joints, with dn‘fe and doublo nveun‘ 17 lir f\mme for hendn plntel and umxle iron ;
pluu. ulkheads, and modes various tools used in vctln; and plating.
18 Gunwale, keel, and A lan for sheathing
8 Ir:g‘ masts, vlt.h longitudinal and transverse » llmn nhipu vnth ﬁoppur [
‘vario!
9 lldln: hal, ‘water-ballast, mouldln; the frames us
in jrom ship-building, levelling. % Gr-y'l ﬂununx compass and binnacle, with ad-

10 Loultndmd section, lml hn?f brendth deck usting magnets.
orroded iro: boltinﬂ'mnfwonden ship;

1
n lgldnh(p ueuonl of |hru wneh of dilennt canmngjomu o{£
22 Great lm on;ltudlnd sections and
12 Larn weasel, showing details—Fore-end in sec. hreadth
tion.and end view with stern posts, crutches, | 23 Great Aum-—llldnhip section, with details.
dack'bumr, &e. 24 Great E mu-—San in engine room,
13 Large vesssl, showing detalla—After-end in sec- pnldle oxe:

-+

READY RECKONER, INCLUDING FRACTIONAL PARTS OF A POUND
‘WEIGHT.

24mo, 1s. 6d. cloth, or 2s. atrongly bound in leather,

THE INSTANT RECKONER.

Showing the Value of any Quantity of Goods, inctuding Fractional Parts of a Pound
‘Weight, at any price from One Farthing to Twenty Shillings : with an Introduction,
embracing eopidus Notes of Coins, Weights, Measures, and other Commercial and
Useful Information ; and an Appendix, containing Tables of Interest, Salaries, Com-

&c.
B, ——
SIMMS ON LEVELLING,
Fourth Edition, with 7 plates and numerous woodcuts, 8vo, 8s. 6d., cloth.

A TREATISE ON THE PRINCIPLES AND
PRACTICE OF LEVELLING,

Showing its application to purposes of Railway and Civil Engineering, in the
ion of Roads, with Mr. Txrrogp’s Rules for the same,
Br FREDERICK W. SIMMS, F.G.8., M, Inst, C.E.

Fourth Edition, with tke addition of Mr, Law’s Practical Examples for setting out
Railway Curves, and Mr, Trautwine’s Field Practice of Laying out Circular Curves.
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MOST USEFUL WORK FOR CO GENTLEMEN, FARMERS,
LMAMM !

1
New EBdition, with Additions and Corrections, price 4s., sirongly bound,

'THE LAND VALUER’S BEST ASSISTANT.

Being Tables, on a very much improved Plan, for Caloulating the Value of Estates.
To which are added, Tables for reducing Scotch, Irish, and Provineial Customary Acres
to Statute Measure; also, Tables of Square Meuure, und of the various Dimensions of
an Acre in Perches and Yards, by which the Contents of any Plot of Ground may be
ascertained without the expense of a regular Survey, Milcelhneous Information on
English and Foreign Measures, Specific Gravities, &o.

By R. HUDSON, le Engmeer.

“This new edition includes tables for he probnblv ‘worth
ing the value of leases for any term of years; and | of oundinf tlm\m- 0 any unounn and is of incal-
for showing how to lay out plots of ground of | culable val notn!he emuury geutleman and paoles-
oertain acres in forms, square, round, &c., with | sional man."—Xarmer's Journal.

[ S

INWOOD'S TABLES.
Seventeenth Edition. 12mo, cloth, 78,

TABLES ror ™ PURCHASING OF ESTATES,

Freehold, Copyhold, or Leaschold, Annuities, Advowsons, &c., and for the renewing
of leages held under cathedral churches, colleges, or other eorpotnte bodies, for terms
of years certain, and for lives; also, for valuing reversionary estates, deferred
annuities, next presentations, &c., the Five Tubles of compound interest, the Govern-
ment Table of Annuities, and an extension of Smart’s Tables.

By WILLIAM INWOOD, Architect.

The Seventeenth Edition, with considerable additions, and new and valuable Tables of
Logarithms for the more difficult computations of the Interest of Money, Discount,
Annuities, &e¢., by Mons, Fepor Tuoaax, of the Sociét¢ Crédit Mobilier, Paris.

.

———s

RORMANDY'S COMMERCIAL HANDBOOK.
In post 8vo, illustrated with woodcuts, price 12s. 6d., handsomely bound in cloth,
THE

COMMERCIAL HANDBOOK OF CHEMICAL
ANALYSIS;

Or, Practical Imtrnctmns for the Determination of the Intrinsic or Commercial Value
of used in } ft es, in Trades, and in the Arts,

By A. NORMANDY,
Author of ¢ Practical Introductlan to Rose’s Chemistry,” and Editor of Rose’s
¢ Treatise of Chemical Analysis.”

o ecomme book to the careful perasal nﬂdﬂt&t e of the enticing ascien
oteze I'om, it ::: "il; truly afinmed to be of uni- | chemics! nulym"’d‘ oo of
r{ st, and we uromz)y recommend it to | " Thumlmr e {Muuel uo)mollnrpudﬁ
udm u (XL dg alike ndhpennble to tln t, in which character
Imuuvm‘e as to the pharmaceutical practitiouer. I prope of 46m differe. it mlclu wmnem
edical T4 suba w by whick they are xwtmguenﬂy ndulxv
“ A tmly vrutlul worh. ‘“’{'& r:;:: :lw nn'-:iﬁ- nuﬂ, lnd the meann of their detection.”—Mining
nin ‘n ch"‘?:lr .g? lﬂl%?:ﬁ“b:l e w:ml: l ]Iﬂlllll yel mﬂ ‘W%
J u L Englisly
!edin( a desire to wqug“f'n:mr
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NORMANBY'S (HEMICAL ATLAS AND DICTIONARIES.

The Atlas, oblong folko, cloth 1 1L 1s., the Dictionaries, post 8vo, Ts, 6d., cloth ;
’ {rjuuaud aries together, 1L, 8. cloth, " ’

THE CHEMICAL ATLAS;

Or. Tables, showing at a glance the Operations of Qualitative Analysis. With Prac.-
tical Observations, end Copious Indices of Tests and Re.actions; accompanied by a

of Simple and of Compound Substances, indicating the Tests by which

they may be identified; and a Dictionary of Re-agents, indicating their preparation
for the Laboratory, the means of testing their purity, and their behaviour with

Substances,
By A. NORMANDY,
Author of “The Commercial Handbook of Chemical Annlysm " &e., &c., and Editor
of H. Rose's *‘ Treatisc of Chemical Anulynl ”»

% Tables such as these, like Maps and Charts, are ledge of may, by
eloquent than the elemu rose statement. | means of the Atlu and Dminndn doom Tnnke
t is the most elaborate mfa fect worl of the | himuelf a proficient analyst, Everyone who studies
K that we are acquainted with.”—Mechanics’ | the .Adu must be jmpressed with mmltude of

wu. the anthor’s lAbonv. nd the vast extent to which

e work ‘lvel evidence of the author he bas economised the time and trouble of thole
perfoct master of the task he has nnderulen who avail themselves of his friendly assistance.

vﬁlmdm!nounwnyhum the I r.f;uu
cbanlal -ludcnh dmdmui-mnh e .tfo "'Nommdy'n Chemical Atlas’ for compre] hlbnizn-
surpasses anythin

h' hm.hlﬂ. ?omhn in_the estimation | of the klnd hitherto published. “?reel c::zmceﬁ

ot 1] alﬁlcntlﬂe chem ‘fore us will | that the student may with the aid of the Dictfon-

u our q: on far more useful to the { aries, with which the Atlas is accompanied, suc.

s, nay more, to the practitioner, a‘e‘:ﬁg" and alone undernh the exam! of

dut ons are more minute, and the number of | ¢ ure, whether composed

cases introduced infinitely more varied, There ia | of ic o norx-mc rubstances, or of botls

luruly -ﬁ:’ouiblt case which the author hn mn com| nad.”-ll M. !; i, R.S.. Lecturer on
GW' laspital

a careful
nblz to say that my person poasessed of & -llght

By the same Author, crown 8vo, price 4s. 6d., cloth,

THE FARMERS MANUAL OF AGRICUL-
TURAL CHEMISTRY ;

With Instructions respecting the Diseases of Cereals, and the Destruction of the
Insects which are injurious to those plants. Illustrated by numerous woodcuts,

* This work wm be found of incaleulable value far the best attempt t ly & treat f
he " ‘We have perused it with mnch lllm{ d kind on _the chegzicﬁ :\:'13’: . e o

rmer. sis of the wa-
interest, and have no hesitation in recommending | terials with which the -g-rieulmriu i concern;d
h. to the nom‘eh oll farmer, whn‘mll flud it an | the 1| Stons
n rures e neoelw
"n Apricuuml Magagine, Ipplm\ll.”—'}.ﬂ“m 5 4
(RS

SPOONER ON SHEEP.
Second, Bdition. 12mo., 5s. cloth.

THE HISTORY, STRUCTURE, ECONOMY,
AND DISEASES OF THE SHEEP.

In Three Parts. Illustrated with fine Engravings from Drawings by W, Hanvey, Esq.

Br W. C. SPOONER, V8,

Member of the Council of the Royal College of Veterinary Surgeons ; Honorary Asso-
clate of the Veterinary Medical Association ; Author of * Treatise on the Influenza,”
and the ¢ Structure, Diseases, &c., of the Foot and Leg of the Horse;”” Editor of
‘White’s  Cuttle Medicine,” and Wisite’s ¢ Compendium of the Veterinary Art.”

¥ The mme of Mr, S);’mner. who is a distin- | to their libravies: and, as a work of referemce, it

ember of his Profession, is & lnﬂlciem ought to be in th- pnmnion of all Sheep Farm.

mm m the accuracy and usefulneas ers’—Gardeners’ Chronicle,
contents, hrmul'cmhmhnommnw
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NOAD'S nmwn'r
Fourth Edition, entirely re-written, in One Vo!\l'm, illustrated by 500 woodcuts, Svo, 11, 4s,

A MANUAL OF ELECTRICITY.

Including Galvani M ti Dia tism, Electro-Dynamics, Magno.
Electnclfy, and the Eloetrlc Telegruph.

By HENRY M. NOAD, Pa.D., F.C.8,,
Lecturer on Chemistry at St. George’s Hospital,
Or in Two Parts :
Part 1., Erecrrrcity and GArvanisM, 8vo, 164, cloth.
Part II. MagxeTisn and the Erzcraic TrurcraPn, 8vo, 10s, 64, cloth.

ynblinﬂon fnll)‘ buu out its title of tndln and \\ »—Educational
'llnml satisfactory manuner
electricif Mellom\ -nd vnltnle. thermo-electri- “On “the subject of electrioity, it is a service
city, an *electro- hysfology. To diffuse correct | second only to discovery. when one enmpmm‘.bt
;.kubot mtr:g lch:l:e. to mahe‘ kuovnln x':: the ‘:‘h -lft and onstn the old
wa by w! x mysterious force is regula ma g together corporate
which is the intenuon’of the author, is sn impor- | them wla :ﬁ that l- !mpomnt in tho nsw Such
mk. '— Atheneum. & service Ur. Noad Las performed in his ‘Manual
Dr. Noad’s Manual, in some departments of | of Elcctrlel " — Chambers’ Journal
lhlchbe has kad the counsel and assistanceof Mr. | “As a w of reference, this * Manual’is pmlen-
Faraday, Sir William 8now Harris, Profeasor Tyn. | larly ulnnble as the author Im carefully recorded
hl).uui others, giv ln lddnhnal sanction and | not on! s awfhorities, but, when nece: , the
to his wmlx s more thau ever wortky of | words in which the writers have detailed their ex.
bein; reeeived with hvouv by students and men of perlmenu -ml opintons.”—Meckanics’ Magazing.
ce. The uylo n wh‘c it is written is very [ " Amd he numerous writers on the attractive
ux-ct and clear.””’— 7 azette. -nd hmntln‘ subject of electricity, the author of
r. Noad’s ‘Munullo Electricl!y’ ‘han for seve. ' apnunt Vol ume hn occupied our best atten-
ral ynn ranked as one of the best popular treatises f a place iu the lib of
on this subject. By an excellent method of arrange. eve pub\lc immullon. lnd we have no doubt it
ment, and a clear and a grmhle nyle, he hlﬂ’ﬁdlll,tl ‘will'be deservedly patronised by the scientific com.
the student to a sound elementary ledge of mmmy." Mining Journal.
%‘ department of electrical mlmce "—dtla “The commendations nlfen:‘lﬁ bestowed in the
is is & work of great merit, and is creditable pages of the Lancet on former editions of this work
to the scientific attainments and vhlluloyhlcal re- | are more than ever merited by the present. The
search of the awhor. Too much praise cannot be | accounts ﬁlvcu of electricity and galvanixm are not
bestowed on the patient labour and unwuﬂed only complete in a scientific sense, \mt, which Is a

application which were necess to produce & | rarer thing, are popular and interesting.”—Lancet,
wl'o’:'k of such absorbing intere.l?to the whol & 676 pOP &
e e

TREDGOLD ON THE STRENGTH OF IRON, &o.
Fourth Edition, in Two Vols., 8vo, 11, 48., boards (either Volume may be kad separately),

A PRACTICAL ESSAY ON THE STRENGTH
OF CAST IRON AND OTHER METALS;

Intended for the asgist of Engineers, Iron-Masters, Millwrights, Architects,
Founders, Smiths, and others engaged in the construction of machines, buildings,
&c. ; containing Practical Rules, Tables, and examples founded on & series of new
experiments ; with an cxtensive table of the properties of materials,

By THOMAS TREDGOLD, Mem. Inst. C.E.,
Author of * Elementary Principles of Carpentry,” ¢ History of the Bteam Engine,”
&o, Ilustrated by several engravings and woodecuts, Fourth Ldition, much
improved and enlarged. By Earon Hobexinson, F.R.9,
B e

HODGKINSON'S RESEARCHES ON IRON.

*,% Vol, II. of the above consists of EXPERIMENTAL RESEARCHES on the
BTBENGTH nd OTHEB PROPE}'%TTES of CAST IRON: with the development of
new p 1 d from them; and inquiries applicable to rigid
and tenacious bodieu generally, By Eaton Konunrson, F.R.S. With Plates and
Diagrams, 8vo, 125, boards,
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ROGERS ON IRON METALLURGY,
With 20 carefully-prepared copper-plates. One Vol., 8vo, 1L Bs., cloth.

AN ELEMENTARY TREATISE ON IRON
METALLURGY,

Up to the Manufacture of Puddle Bars, built upon the Atomic Bystem of Philosophy ;
the elements operated upon being estimated according to Dr. Wollaston’s Hydrogen
Scale of Equivalents; comprising suggestions relative to important Improvements in
the Manufacture of both Iron and Steel, and the conduct of Extensive Iron Works ;
with Analytical Tables of Iron-making Materials.

By SAMUEL B. ROGERS, of Nant-y-Glo,
Inventor of Iron-Bottoms to Puddling-Furnaces, and of the present system of pre=
paring Coke, in Double or Bingle Ovens.

“T do not hesitate to that Mr. Rogers’s work untried theorist, for one of his iuventions has
on Iron g{l ond eomparison, the been-d ted generally t| the Iron Manu-
molz lete combination of scicace and sound | factories of tha world, and with immense advantage
t has yet appeared on iron."—Dawid | to Ironmasters.”—Bristel Times.

* A remarkable book. Its auther l‘i evidently,

* & volume which ought to be at hand in every | a man of practical experience, and no mean
Tron Works iu the Hudm, and in the who has made the q\ulmm
of every I ‘olverhampton Chromele. | on whlrh he writes du business nd study of

"lrm tmbﬁouthpuhhcn life’— Staffordshire ddvertiser,

——

PYNE'S RULES FOR DRAWING.
In 4to, with 14 plates, in half cloth boards, Ts. 6d.

PRACTICAL RULES ON DRAWING,

FOR THE OPERATIVE BUILDER AND YOUNG STUDENT IN
ARCHITECTURE.

By GEORGE PYNE,
Author of ¢ A Rudimentary Treatise on Perspective for Beginners.”
CONTENTS.

1 Practical Rules on Drawing,~—Outlines, 4 Practical Rules on Light na Slade,
2 Ditto,—the Grecian and Roman Orders. & Practical Rules on C: 1
3 Practical Rules on Drawing,—Perspective. &e. &e.

—_——

DOBSON and GARBETT'S STUDENT'S GUIDE.
In One Vol., 8vo, extra cloth, 9s. -

THE STUDENT’S GUIDE
TO THE PRACTICE OF DESIGNING, MEASURING, AND VALUING
ARTIFICERS’ WORKS;
Containing directions for taking Dimensions, abstracting the same, and bringing the
Quantities into Bill; with Tables of Constants, ard da for the
Valuation of Labour and Materials in the respective trades of Bricklayer and Slater,
Carpenter and Joiner, Sawyecr, Stomemason, Plasterer, S8mith and Ironmonger,
Plumber, Painter and Glazier, Paper-hanger, With 43 plates and woodcuts, The
Measuring, &c.,
Edited by EDWARD DOBSON, Architect and Surveyor.
Second Edition, with the Addilions on Designs
By E. LACY GABBETT, Architect; )

Together with Tables for 8quaring and Cubing.
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In 4to, 67 Plates, 1L 1s. cloth,

DESIGNS AND EXAMPLES OF COTTAGES,
VILLAS, AND COUNTRY HOUSES.

Being the Studies of Eminent Architects and Buflders, consisting of plans, elevations,
and perspective views; with approximate estimates of the cost of each. __

[ S—

RYDE'S TEXT BOOK FOR ARCHITECTS, ENGINEERS, SURVEYORS, &c.
In One large thick Vol 8vo, with numerous engravings, 11, Sa.

A GENERAL TEXT BOOK,

For the Use and Reft of Architects, Engineers, Surveyors, Solicitors,
Auctioncers, Land Agents, and Stewards, in all thelr several and varied ptoteuiond
occupations ; and for the nssistance and guidance of country gentlemen and others
engaged in the Transfer, M t, or Impr of Landed Property, con-
tdining Theorems, Formule, Rules, and Tables in Geometry, Mensuration, and
Trigonometry ; Land Measuring, Surveying, and Levelling ; Railway and Hydraulic
Engineering ; Timber Measuring ; che Valuation of Artificers’ Work, Estates, Lease-
holds, Lifeholds, Annuities, Tillages, ¥ ing Stock, and Tenant Right; the Assess-
ment of Pamhos, Railwnys, Guas and Water Works the Law of Dilapidations ani
Ni ts and Aucti Landl d and Tenant, Agreements, and
Lecases, Together with Examples of Villas and Country Houses,

By EDWARD RYDE, Civil Engineer and Land Surveyor,
Author of several Professional Works.

To which are added several Chapters on Agriculture and Landed Property,

By Professor DoNALDSON,
Author of several Works on Agriculture,

CONTENTS.

Chapter I. Arithmetic.—Chap. II. Plane and So-
Hd Geometry —Chap. 111, Mensuration.- —ung 1V,
Trigonometry.—Chup. V. (Amic Sections.—Chap.
. Land Measuring. -C VII. Land Surveying.
VIlI Levellmx—clnp 1X. P

-Lh-&

ha Computation of Areas.—Chbap. X1. Cupy-
1 f( 8.~Chap. XII. B.lll\u Surveying.—Chap.
x" 11, X lonmpSurv !l Iy Ilydran-

lics in mnnecllon wit] h

lon of Estates.—Chap. XVIIT. Valuationof TH-
lage and Tenant Right.—Chap. XIX. Valuation of
Parishes.— Chap. XX. Builder’s Prices.- —(.hl . XX1.
Dilapidations and Nuuuneet—(}hlp. . The
Law relating to Appraisers and Aucuanoen.—clu p.

XXI11. Laudiord and Tenant.—Chap. V. Ta~
hl —Chbap. XXV. Stamp Laws.—Examples of Vil-
las and Omntry Houm.

APPENDIX ON LANDED PBOPER", by
Paoynsson Doxnavpaon, in Eight €|

—,—

WHEELER'S AUCTIONEERS’, &c., ASSISTANT,
24mo, cloth boards, 2s. 6d.

THE APPRAISER, AUCTIONEER, AND
HOUSE-AGENT’S POCKET ASSISTANT,

For the valuatiom, purchase, and the renewmg of Leascs, Annuities, Reversions,

, with a Gulde to determino the vatue

".v ; prices for fa
e, &c.

and of Ptoperty [
of the i , fitt

By JOHN WHEELER, Valuer,
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TEMPLEYON'S WORKSHOP COMPANION, SIXTH EDITION.
In 12mo, price 5s., bound and letiered,

THE OPERATIVE MECHANIC'S WORKSHOP
COMPANION,

And THE SCIENTIFIC GENTLEMAN’S PRACTICAL ASSISTANT; comprising a
great variety of tho most useful Rules in Mechanical Science, divestod of mathema.
tical complexity; with Tables of Practical Data and Caloulated Results, for
facllitating Mechanical and C: {al Tr
By W. TEMPLETON
Author of *“ The Engineer’s COmmon-Pluoe Book,” &e, &o.

Sixth edition, with cleven plates and the addition of Mechanical Tables for the use of
Operative Smiths, Millwrights, Engineers, &c., and practical directions for the
Smelting of Metallic Ores. To which also have been now added several useful and
practical Rules in Hydraulios and Hydrodynamics, and an t of Dundas’s Steam
Hammer,

CONTENTS.

Grontetry—Geomet lled to Mechanics—De. | Motion—Friction—Properties of Wuter and Air—
cimal Arithmetic — c e.:?umlo:—lenur:n.r:nc:i S-:-m‘fwcem
Arithragtic—Commerecial Tab of Ma- hms,
terlals—-Mechanic Pmen—Cnnﬁn\mu Circular

—————— .
THE BEST BUILDER'S PRICE BOOK.
Fourth Edition, in 12mo, cloth boards, lettered, 4s.,

WEALE'S BUILDER’S AND CONTRACTOR’S
PRICE BOOK.

Published Annually. Containing the latest prices for work in all branches of the
Building Trade, with items numbcered for easy reference; and an Appendix of Tables,
Notes, and Memoranda, arranged to afford detailed ln{ormatmn commonly required
inp i &e., for Builders and Contractors of Public Works,

WIGHTWICK'S HINTS.
With numerows Woodcuts. In 8vo, extra cloth, top edges gilt, 8s.,

HINTS TO YOUNG ARCHITECTS.

Comprising Advice to those who, while yet at school, are destined to the profession ;
to such as, having passed their pupilage, are about to travel; and to those who, having
completed their education, are about to practice : together with a Model Specification;
involving a great variety of instructive and suggestive matter, calculated to facilitate
their practical operations; and to dircet them in their duct as the bl
agents of their employers, and as the rightful judges of a contractor’s duty.

By GEORGE WIGHTWICK, Architect,
Author of “The Palace of Architecture,” &c., &ec.

.

CONTENTS,
Preliminary hints tc youn, Feneral Clanses Plaster and cement work
chitects ‘on the kuuw dg‘e of ‘;mnd-uonl }:s{peu}en’ :urk
olers’ worl
n -mlnxx his time Artificial Foundations Iron and 'netal work
©On travelling Briekwork l’lnmherl’ work
His plate on the door Rubble masonry with brick
ers, plan.drawing mingled l&“
On his tasta, stu dyoﬂnmlm Bm&eunlng n\c leve! nmte foun.
lnlerI? n'nuvm » Gnclanorlm.hn daly dations, pmnx lanking,
-nd undln\ln‘ 1c only paving, vaultiog, beu hnxlnu.
ousebuidl ng, ara bling Miscellan amu )zhlm ng, and building gene.
Collafg and \!n Slating rally.
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TREDGOLD'S CARPENTRY. - FOURTH EDITION.
In One large Vol. 4fo., 2L. 2s:, in ertra cloth.

THE ELEMENTARY PRINCIPLES OF
CARPENTRY ;

A Trest!se' 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., with practical rules and examples; to which is added, an essay on
the nature and properties of timber, including the method of seasoning, and the
causes and prevention of decay, with descriptions of the kinds of wood used in
building ; also numerous tables of the scantlings of timber for different purposes,
the speoific gravities of materials, &e.
By THOMAS TREDGOLD, Civil Engineer.
Illustrated by fifty-three Engravings, a portrait of the author, and several Woodcuts.
Fourth Edition, corrected and considerably enlarged. With an Appendix, containing
specimens of various ancient and modern roofs.
Edited by Perer Barrow, F.R.S.

CONTENTS OF PLATES.

1 Equﬂlbﬂum and pressure of | 27 Longitndinal section of ditto | 41 Cast-iron roof over the model-
beam 28 Truas o{ the roof of the Ducal room of the Butterley Comn-
2 Prenure of beams and centre ﬂdl x house, Modena, double any, treble
of gra ‘ vity 1pm 42 Cast-iron roof over the smith-
8 Equilibrium and pressure of | 29 incated roof of ditto ery of the ditto, ditto
beams and framing 30 Trass of roof of ditto. 43 Iron and timber roof over
4 Nailed flooring 81 Seetion of the roof over the the enx{ne m-m\fucmry of
5 to 8 Roofa Exchange, Geneva, double the dm
10 Roofs that have heen erected | 82 Foot of truss of roof over the | 44 Roo kln s College Cha~
!l Hoo! of the riding-louse at new theatre at Ancona, e, ditto
Dom (Molca\v ditto, Palozzo _ Vecchio, | 45 un. trnnnvene section
ls l‘nnmonu and centre Florence ; dmo. Cathedral, | 46 Details, dx
14 Centres for stone bridges; Florence, do 47 Detail
centre used for the bridge at | 33 Roofs of llne Cnthcdrul at | 43 Bectionof ruof Great Northern
Neuilly; for the Watcrloo Leghorn, double ilway, omlon Terminus,
Bridge, aud Conon Bridge 34 Details of roof of Christ’s Passenger
15 Cn tru for stone bridges Hospital, ditto 49 Bections and detnill of ditto
35 Ditto 50 Great Northern lhilwq, Lon.
Dmo. doub 36 Lougitudinal mection of St, don Terminus, Goods’ Sta.
onnmcllon otlorldnl Dunstan’s = Churcl, Fleet tlon, tnmlnrse sec
ridges, double plate Street, double 61 Iron Roof made for the Clyde
20 Bn ges and joints 87 Roof and lnn of dmo, ditto Tm-reel !nrr the Quay at
21 Joints 38 Dictails nf dmo itto f" details
22 Joints and straps 39 Trus the Thames Plate | 62 Deu\i s of iron roof erected for
23 Roof aud consrruction of the 3 Wm' 8; truss at the Meun. tm'ph Whitworth &
Pantheon, Oxford Steet a's Theatre, Oxford Co.,
itto e trnu n a house in | 58 llemls &c of an iron roof,
25 8ection of Roof of Hall, Park- Squ: sr:cteﬁ at the Galway Terini:
urst Prison 40 Roof of imn aMl timber at
6 aecﬁnn nf roof of New Saloon, Nottimgham Water Works, .
Academy of Arts, Floreuce treble plate 1
———

HANDY BOOK FOR ACTUARIES, BANKERS, INSURANCE OFFICES,
AND COMMERCIAL MEN IN GENERAL,

In 12mo, cloth, price 5s.

THEORY OF COMPOUND INTEREST AND
ANNUITIES,

With TABLES of LOGARITIIMS for the more difficult computations of Interest,
Discount, Annuities, &c., in all their applications and uses for Meroantile and State
purposes, with a full and elaborate introduction.

By FEDOR THOMAN, of the Société Crédit Mobilier, Paris,

“Av owerm wnr'k and the Author has a| *“The author of this ‘handy.hook’ deserves oar
mﬁ’ and of his subject®-Pro. | thanks for his succesful ut’mnw. to extend the
Jessor 4. de M n;cu. use of Jogarithme.”—TInsurunce Gasette.
“No banker, merchant, trndesman, or man of | ‘We recommend it to the uotlee of actuaries
Dbuainess mx{hz to be without Mr. Thoman’s truly | and accountants.”—Athenaxm,
* handy-book.’ ’—Review.
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‘WEALE'S ENGINEER'S POCKET BOOK.
With 8 copper plates, and numerous woodcuts, in roan tuck, 6s.

THE ENGINEER’S, ARCHITECT’S, AND
CONTRACTOR'S POCKET BOOK.

Published annually.

‘With Diany of Evexrs and Dara

ted with Engh 1

By

Architecture, and the kindred Sciences, professionally and otherwise revised,

CONTENTS FOR 1860.

éllon. Almanack 05“ (Liat of) and Welihn of
allasting, Barlow lvanized Tinned 1
Barrel Drains (w"h.)
Bossemer on the Manufacture of H

Iron and Bteel sv
Boilers and Engines (Proportions Hl;h ater -tlnndnn Bridge

oflers, l'uruul. and Chiwnneys Hydunuu

Hydrodynamics
inery Kosticutlan of Cil Engincers
ask d’ lhll Gungmg (List of Mem!
astings, mdxy for Sewers, Gas- | Institute of nrm-h Architects
(List of Members of)
at-tron (»olgmnl and Girders | Iron Bar
C ways Iron
dimensions of —— Roofs
fe R_t Circles Knot Tables

AR, | Ehinemee,
L inder, I 0! ines, ent
Coal Expe: mmmg ; Economic | Marine En(h; % Tangents,

Values 0! Marine mullhn
Cokin; (avwnﬂu Powers of | Mari nlgr

Columns, Posts,

Jast London Waterworks

Eclipses
Eluun Pmpmln Steam
Ellipues, el’. Prustrums, &,
Ephcmmldu the Pl-.neu
Fairbalm Mechanieal
pemu oluecala on thc tensile
strength of Wrought Iron at

!Il'! us tew)

'l‘m.\fh Edﬂc' on the

Resistance otTubu to Collapse
rrnch nd English Scales

Friction
Fuel on the American Railways

and on English Railw,
Gas Baginecrs’ Calendar

MR.

a2

asonry
Mensuration (Epitome of)
MnrlB;Expeﬂuf ents on Friction ;

Natural Sm &e.
Nevllle, on B-ehlni llll
otes to_accom Abbre-
viated Table o}’ Nnnn.l Sines
eninsular and Oriental Steam
Probin and Boilers
Proportions_of llu([ ines
Pro)mrtionll Bizes and Welxhtl
emon -heads and Nails for
Punlpm‘ ‘Water by Bteam Power
Rennie (G.); Mesars. Reunie
Ropes, Experiments of
Sewers
Sleepers for Railways

Smith’s Sewer. Sou a
gpeﬂlﬁc Gravity of Gases

Rectangle, bube &e.
Sqnne and Round Bar.

e

Strength of Columms
erann.h of Materials of Cone

ction
Strennh of Rolled T-Iron
Preservation of

'hble- of m Wo!;M of Iron
ber Roofs

'—tKl iahl l:m ies of Differ-
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2 o(n the Wci‘hu of Rails
and Chairs
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of Weights of Copper, ‘l‘in-
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Snperﬂcul Foot ef Various Me-
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Funt of Cnb
— Dhmlur ol Solid or
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‘WEALE’S SERIES OF

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL,
AND CLASSICAL WORKS,
At prices varying from ls. to 2s. 6d.
Lists may be had on application to MEssrs. Looxwoop & Co.

»* This excellent and extmrdmnnly cheap series of books, now comprising
upwards of 150 dxﬁ'erent workl, in almost every department of Beience,

Art, and Ed

is

ded to the notice of Mechanics’

Institutions, Literary and Sommﬁe Asnociations, Free Libraries, Colleges,
Sohools and Students generally, and also to Merchants, Shippers, &e.
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CATALOGUE

or

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, AND
CLASSICAL WORKS

COLLEGES, HIGH AND ORDINARY SCHOOLS,
AND SELF-INSTRUCTION.
ALSO FOR

MECHANICS’ INSTITUTIONS, FREE LIBRARIES, &o., &e.

MR. WEALE'S

SERIES OF RUDIMENTARY WORKS
FOR THE USE OF BEGINNERS.

LONDON: JOHN WEALE, 59, HIGH HOLBORX.
WHOLESALE AGENTS, LOCKWOOD & CO., 7, STATIONERS’ HALL COURT, E.C.

The several Beries are amply illustrated, in demy 12mo., each neatly boundin -
cloth; and, for the convenience of purchasers, the subjects are published separately
at the following prices :

1. CHEMISTRY, by Prof. Fownes, F.R.S. mcludmgAgnculturalChomuﬁy,

for the use of Farmers . 1

2. NATURAL PHILOSOTHY, by Cha.rles Tomhnson L

3. Georoay, by Major-Gen. Portlock, F.R.S.,, &. + . . 1ls 64,

4, 5. MINERALOGY, with Mr. Dana’s additions, 2vols. in 1 . . , 2s.

6. MECHANIOS, by Charles Tomlinson . . fe e e s
7. Exrorziorry, by Sir William Snow Harris, F. R 8. . . .l 64
7.® ON GALVANISM ; ANIMAYL AND Vortarc ELEcTRICITY ; Treatise on
the General Principl of GalvanioSei , by Sir W. SnowHam.s,F R.S. 1s. 64,
8, 9, 10. MagNETISM, Concise Exposmon of, by the same, 3 vols. in 1, 3s, 64,
11, 11* Erzcrrio TeraerarH, History of the, by E, Highton, C. E. .o 2e,
12. PNEUMATICS, by Charles Tomlinson . . . N 7 X

13, 14,15, 15,* CrviL EncineEning, by Henry hw, C. E 3 vola. ; and
Supplement by G. R. Burnell, O.E in 1 vel. . A



ity RUDIMENTARY SERIES,

16. ArcmiTecTURR, Orders of, by W. H.Leeds . . . . . . . la
17. ARCHITECTURE, Btyles of, by T. Bury, Architeet . . . ., ls 64,
18, 19. ArcmITECTURE, Principles of Design in, by E. L. Garbett, 2vols.in1: 2s,
20, 21. PenspecTIVE, by G, Pyne,2vols inl . . . . . . 2
22. BurLoping, Art of, by E. Dobson,C.E. . . . . .+ .. 1la
23, 24, Bxx{:x-lhxmo, Tn.x-MAme, &c., Artol, by the lame, 2 voh

26, 26. MASONRY AND S'mnn-cvrmze, Art of, by ﬂne same, vnth l.uush'a-
tions of the preceding, 2 vols. in 1, by the same . e e . 28

27, 28, PAINTING, Art of, or a Gnuuun OF CoLovnmo, by George erld
2vols.inl . . . . 28

29, DRAINING DISTRICTS AND LA‘N’D!, Art of, by G. D. Dempsey, C E. 1ls
30. DRAINING AND SEWAGE OF Towns AND anmes, Art of, by the

same . . . . S . ls.
81. WELL-SINEING AND Bonmo, Art of, by G R. Bumell CE. . . la
32. Use oF INSTRUMENTS, Art of the, by J. F. Heather, M.A. . . . la
33. ConsTRUCTING CRANES, Art of, by J. Glyon, F.RS.,, CE. . . la
34. SteaM ENGINE, Treatise on the, by Dr. Lardner . . . .. la
36. BrasTING ROCKS AND QUARRYING, AND ON Brorw, Art of, by Lieut.~

Gen. Bir J. Burgoyne, Bart., G.C.B., S U

36, 37, 38, 39. DictroNARY oF TERMS used by Archxtects  Builders, Civil
and Mochanical En"lneers, Surveyors, Art!.sts, hxp-bmldcrs, &c

4 vols. in1 . . 4s.
40, GraAss STAINING, Art of, by Dr M. A Gessert P £ X
41, PAINTING ON Grass, Essay on, by E. O. Fromberg . . .o ls
42. CoTTAGE BUILDING, Treatise on . * . . . . ls.
43, TUBULAR AND GIRDER BRIDGES, and others, Treatlse on, more parucu-

larly describing the Britannia and Conway Dridges . . . . ls

44. FounpaTions, &c., Treatisc om, by E. Dobson, CE. . . . . la
45. Limes, CEMENTS, MoORTARS, CONCRETE, MAsrxcs, &.c, by G. R.

Burpell, CE. . . . . . . [ T X
48, COXSTRUCTING AND REPAIRING CoMMON Ro.u)s, by H. an, CE . 1ls
47, 48, 49, CONSTRUCTION AND ILLUMINATION OF Lmn’movsns, by Alnn

Stevenson, C.E., 3 vols.in1 . [ . 8s.
50. Law or CONTRACTS FOR Womm AND SERVICES, by Davxd Gubbons . 1s.
51, 52, 63. NAVAL ARCHITECTURE, P ',‘ of the , by J I’eake,

N.A.,, 8 vols.inl . . 3s

53¢, LAYTNG OFF SHIps, being an mtroductlon to tbe Mould Lofh of Slnp
Building, by James Peake, N.A. in the press .ot . la6d

53%*, Atras of large Plates toditto ditto . .« 1s,6d,
5¢4. Muﬂe, MABT-MAKING, AND Rmumo OF bms, by R Klppmg,

54%, IroN SHIP anma, by John Grantham, NA and CE . 20. 6d.

56, 58. Navication, Treatisc on; THE Saruor’s Sea-Book.—How to
keep the Log and work it off— Latitude and Longitude—Great Circle
Sailing—Law of Storms and Variable Winds; ] and an explanation
of Terms used, with coloured illustrations of Flags . . . 2s
57, 68. ' WanMING AND VENTILATION, by Charles Tomlinson, 2 vols,in1 . 2s.

69, Steau Borges, by R, Armstrong, CE. . . . . . . I
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60, 61, LAND AND ENGINEERING SurvEYING, by T.Baker, C.E., 2 vols.in 1:
62. RaLwAy DErams, by Sir M. Stephensen, Vol. I, P

62*. BArLwAY WORKING IN GREAT BRITAIN, Statistical Details, Table of
Qapital and Dividends, Revenue Accounu, Slgnnls &c., &. by E.
D. Chattaway. Vol. i}

68, 64, 65. AGRICULTURAL DBUILDINGS, the Construetxon of on Mohve
Powers, and the Machinery of tho Steading; and on Agnmllturul
gxeliis es, l[a.chmes, and Implements, by G. Andrews,

vols. in N

66. CrLAY LANDS AND Louu Soth, by Prof Donnhlson, A E . ..

67, 68. CLOCK AND WA'rcn-qume, AND ON mencu Crocks, by E. B.
enison, M.A.,, 2 vols.inl1 . . e s [N

69, 70. Music, Practical Treatise on, by C. C. Spencer, 2vols.inl1 ., ,
71. P1ANo-FoRTE, Instruction for Playing the, by the same . . .

72. 78, 74, 75, 75*. ReceNT Fossi, SHrLLs (A Manusl of the Mollusca),
éamuelP ‘Woodward, and illustrations, 4 vols. in 1, Supplement 5s

76, 7. Ducnnvrrvn GEOMETRY, by J. F. Heather, M.A,, 2 vols. in1
77* EcoNomy oF Fuer, by T. 8. Psideaux . . . . . . .

78, 79. BTEAM AS APPLIED TO GENERAL PURPOSES AND, LOCOMOTIVE
ENGINES, by J. Sewell, C.E.,, 2 vols.in1. . , . . ,

. . . . .

78*. LocoMoTIvE ENGINE, Dy G. D Demprey, CE. . . . ., la

1

2s.
1s,

Is, .

2,
6d,

79%. ATLAS OF PLATES to the above . . . . . . 4s 6d.

79**, ON PrOTOGRAPHY, the Composition and I’:opertles of the Chemwal
Substances used, by Dr. H. Halleur . . . .

80, 81. ManINE ENGINES, AND ON THE Somw, &c by B. Mumy, C E.

s,

2vols, in1 . . 28, 6d.

80%, 81*. EMBANKING LANDS FROM THE SEA, by Jolm nggms, F G 8.,
2vols. in 1 o e e

82, 82%. POWER OF WATER, AS APPLIED TO DRIVE qun Mxm.s, b)
Joseph Glynn, F.R.S., C.E. e e . .

83. BOOK-KEEPING, by James Hnddon, M.A. PR . e

82%% 83% 83* CoAL Gas, on the Manufacture and Dmtnbuuon of by
Samuel Hughes, C. itk . . . . . .

82%##, Warer Works FOR THE SUPPLY OF Crrres AND Towns. Works
which have been executed for procuring Supplies by means of
Drainage Areas and by Fumping from Wells, by Banuel ughes, C.E.

2.

2s.
1s,

3s.

3s.

83**, ConsTRUCTION OF DoOR LoCKS, with illustrations .« ls. 64

83 (bés). Forms oF SHIPS AND BoaTs, by W. Bland, of Hartlip., . .

84, ARITEMETIC, and numerous Examples, by Prof. J. R. Young . 1Ia

1s.
6.

84*, KgxY to the above, by the same s e e e e ls.6d

85. EQUATIONAL ARITHMETIC, Questxom of Interest, Annuities, &o., by
W. Hipsley . . . P U

85%. SUPPLEMENTARY Vomnn, Tubles for the Caleulation of Sxmple
Inbem with lfanthms for Oompound Intetcst and Annuities,
&c., by W. Hipsley . e e

86, 87. Ammzm, banmesHaddon,MA 2vols in 1 e e

86%, 87*, ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . . 1s

88, 89. DEscriPTIVE GEOMETRY, by Henry Law, C.E,, 2vols, in1 ., .,
90, GEOMETRY, ANALYTICAL, by James Haon . . . . . .
91, 92. PLANE AND SPHERICAL TRIGONOMRTRY, by the same, 2 vols, in 1

ls.

1s.
24,
6d.
2.
s,
28,
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93, MENSURATION, by T, Baker,C.E. . . T

94, 85, Locanrrawms, Tables for facilitating Astrono Na.utwal, Trigo-
;onlxetﬁcal, and Logmﬂnnm Oalnulmom, by H. G.E., 2 vols.

98, PoPULAR ASTRONOMY, by thanw Bobm Mam, MR.A 8 . . .1
97. Bratrcs AND Dynamics, by T.Baker, CE.. . . . . .l

98, 98%, MEecHANISM AND Pracricarn ConstrucTioN oF MAcHINES, On
Tools and Machines, by James Nasmyth, CE. . . . . 28 6d.

99, looianAvnou ASTRONOMY AND NAVIGATION, by Prof, Young. 2 vols.

100*, NavicATION TABLES, compiled for practical use with the above 1s. 6d.
101, DrrreRENTIAL CALouLys, by Mr. Woolhouse, F.R.AB. . . . la&

101*. WricHTS AND MEASURES OF ALL NATIONS; Wexght:iJComs, and
the various Divisions of Time, with the rmcl les which determine
Rates of Exchange, by Mr. W’oolhouse, FR o o 1s 6d.

102. InTeGRAL CALcULUS, by H.Cox, MAA. . . . . « « la
103, InTEGRAL CALCULUS, Examples-of, by James Hann . . .+ « l&
104. DirFERBNTIAL CALoULUS, Examples of, by J. Haddon, M.A, . . 1la
105. A:if“u’ GEOMETRY, AND Tmuonomny, Mnemomcu.l Lessons, by

Rev. T. Penyngton Kirkman, M. . . . . 1. 6d.
106, Snms ANCHORS TOR ALL Sxmvxcxs, by George Cotsell, upwards of
00 illustrations [ £ X7 A
107. Mnmorom'rm BuiLpiNgs Act, in present operatxon, with Notes 2s. 64.
108. METROPOLITAN LOoCAL MANAGEMENT ACTS . . "« o+ 1864,
109, LiMiTED LIABILITY AND PARTNERSHIP ACTS . . . o la 6d.
110. Bxx ReceENT LeostATive ENacTmenTs, for Contractors, Merchants,
d Tradesmen . . . . . . . . . . la.
111, Nmmcm ReMOVAL AND DiseAsE PREVENTION ACT . .+ . . la
112, Domestio MEDICINE, by M, Raspail ., . . . .+ .« la6d,

113, Usk or F1ELD ARTILLERY ON SERVICE, by Capt. H. Maxwell, B.A. 1s, 6d.

114, ON MAO!IINPRY The Machine in its Elements, I’mctme, and Purpou,
Chas. D. Abel, C.E., wood-cuts . . 1s.

115, Ams OF PLATES OF SEVERAL KINDS OF MAcnmzs, 14 platos large

4to. . . . . . . .
116. RUDIMENTARY Tnm'usn oN Aoousnos The Dmtnbutxon of Sound
by G. R. Burnell, C.E. . . ... 1s6d
117.'0N CANAL ENGINEERING AND Annmom NavigATION, by G. R.
Burnel, CE. . . . e e e e ls6d
118, 119. O THE CIviL ENGINEERING OF N ORTH Amzmu, by D. Bteven-
son, C.E,,2vols.in1 . . . v . 8

120, Ox HypravLio ENGINEERING, by G. R. Burnoll C. E 2vols.in1. 8s
121. ON River ENGINEERING AND THE CONSTRUCTION OF DOCKS AND

Hagsouss, by G. R. Burnell, CE. VolL.IIL. . . . . 2
122, O~ FruIps, by G. R. Burnell, C.E. T 3
128, Ox S:frmn AND Jonmu, foundedwon Dr. Robison’s Work, th.h

wood-0uts . T . o« e e e e e

123%, ATEABTODITIO . . « o o o o+ e . .43.64.
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124, ON Roors For PUBLIC AND I’xxvuz va:onms, tou.nded on Dr.
Bobison’s Werk . . .« ls 64,

124*, RECENTLY CONSTRUOTED IRON Boors, Aﬂu of plates . 43, 6d.

125. ON THE COMBUSTION OF COAL AND THE szvmﬂmn OF SMOKE,

emically and Pm:tmally Connderred, by Chu Wye Williams,
M.IC.E. . . { The 2 vols. }

126. Tllustrations to ditto . . . [ in 1.

127. RUDIMENTARY AND PRACTICAL INSTRUCTIONS IN THE ART OF ARCHI-
TECTURAL Monnnnmu, with illustrations for the Practical Appli-
cation of the Art, by J. A. Richardson, Arch. e . ls.6d,

128, Tme TeN Booxs or M. VITRUVIUS ON CIVIL, MILITARY, AND NAVAL
Ancurruoruus, trauslated by Joseph Gwdc, Arch., 2vols. in 1, én

the press . . N . . . 28 6d.
129. ATLAS OF ILLUSTRATIVE PLATES TO DITTO, in 4to, mth t.he Vlgnettes,
designed by Joseph Gandy, in the press . . 43. 6d.

130, INTRODUCTION TO THE STUDY AND THE BEAUTY oF Gnnoux Ancm-
TECTURE, by the Right Hon. the Earl of Aberdeen, &c oy &o., &o.,
@ the press . . . . . oo la

MR. WEALE'S
NEW SERIES OF EDUCATIONAL WORKS.

1, 2, 3, 4. CoNsTITUTIONAL HisTORY 0¥ ENGLAND, by W. D Hamilton . 4s.
5, 6. OUTLINES OF THE HISTORY OF GREECE, by the same, 2 vols. . 2s. 6d.
7, 8. OutLINE OF THE HI1sTORY OF RoME, by the same, 2 vols. .  2s, 64.

9, 10. CuroNoLOGY OF CrviL AND EccLesiasTicAL History, LITERA-
TURE, ART, AND CIVILISATION, trom the oa.rhest penod to the

present, 2 vols. . . o« . 2364
11. GRAMMAR OF THE Ilnemsx LLN GUAGE, by Hyde Glarke, D.C.L. TN
11*, HAND Boox oF COMPARATIVE PHILOLOGY, by the same . -: . . 14

12, 13. DicTIONARY OF THE ENGLISH LANGUAGE. A new Dictionary of
the English Tontiue, as spoken and written, above 100,000 words,
or 50 000 more than in any existing work by the same, 3 volg o
inl . . e e e e e e s, 64,

14, GRAMMAR OF THE Gmm: LANGUAGE, by E. C. Hamilton . . . la

15, 16. DICTIONARY OF THE GREEK AND ENoLsm Lanauaces, by H. R.
ilton, 2 vols. in1 * . P e e e e 2

17,18, ————————— ENGLISH AND Gmx Lumwmns, by the
same, 2 vols, in 1 . . . . o . 2s

19, GRAMMAR OF THE LATIN menan, by the B.ev. T. Goodwin, A.B. . 1la.

20, 21, DiCcTIONARY OF THE LATIN AND EncLisH LANGUAGEs, by the
same. Vol.I, . . . . s e e e . o o 20
22, 23,

ExeLisH AND LATIN LANGUAGES, by the
24, GRAMMAR OF THE FRENCH LANGUAGE « + o « o+ o+ o l&

same., VoLIL. . . . . .+« .+ .+ . o lsé6d

* This work, translated by a scholar and an arehitact was originally published st
88s. It bears the higheat reputation, and being now for the first time issued in this
Series, the student and the scholar will receive it as a boon from the gifted tranalator.
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25, DtﬂvtolﬁAIkY oF THE FRENCH AND ENGLISH LANGUAGES, by A, Elwes,
. ol 1.

ENGLIEH AND chx LANGUAGES, by the same.

2,

VolLIL . .7 . . « v v« . ls64.
27. GRAMMAR OF THE ITALIAN L.ucmmun, by thesame . . . ., 1ls
28, 29, DICTIONARY OF THE I-r.u.ux, ENGLISH, AND FRENOH LANGUAGES,

by the same. Vol. I, e e e e e e ey 2

30, 81, Exemn, ITALIAN, AND FRENOE LANGUAGES,
bythesame, VoL.II. . . . . , . . . . 2,

82, 33, ——————— chn, ITALIAN, AND ENGLISH LANGUAGES,

by thesame, Vol.IIL, . . . . . .+ .+ . . 2.
34, GRAMMAR OF THE Bmmn LANGUAGE, by the same . . . ls
35, 36, 87. 38, DICTIONARY OF THE Smmsx AXxD ENeLisH Lmoumns,

by the same, 4 vols.in1 . . .. [P 1)

39, GRAMMAR OF THE GERMAN LANGUAGE [ TS £ X
40, OrassicAL GERMAN READER, from the best authors PR 7 3
41, 42, 43, D1CTIONARIES OF THE ENULISH, GERMAN, AND FRENCH LAN-
@UAGES, by N. E. Hamilton, 3 vols., separately 1s. each . . 3s,
44, 45, DreTioNARY oF THE MEBREW AND ENGLISK LANGUAGES, contain-
ing the Biblical and Rabbinical words, 2 vols. (together with the
Grammar, which may be had sepnrateiy for 1s.) by Dr. Bresslai,
Hebrew Professor .~ . . L )
48, ~——— . EnNGLISH AND Hmmzw Lavovaees, Vol, III.
“tocomplete. . .« & 0 ¢ 4 e 4 e s 38

47, FRENCH AND ENGLISH PHRASEBOOK « &« &« o o o o la

THE SERIES OF EDUCATIONAL WORKS

Are on sale in two kinds of binding ; the one for use in Colleges and Schools
and the other for the Library.

HaMILTON'S OUTLINES OF THE HISTORY OF Enex.m, 4 vols in 1, strongly
bound in cloth , . . . 5s.

-—-.,—-———Dnto, in half-morocco, gxlt, maxbled edges o s . be.6d
GopEce, 2 vols. in1, bound inecloth . . . « 35, 64,
D:tto, in half-morocco, gilt, marbled edges . .« . + . . 4s

HisTORY OF RoME, 2 vols. in 1, boundineclpth o . .« . . 3864

Ditto, in half-moroceo, gilt, marbled edges . * . . . . 45
CrroxoroeY oF C1viL AND EcoLesiasTioAl HisToRY, ermmnx, Arr,
&o.,2vols. in 1, bound in cloth . . . . 32

Ditto, in half-morocco, gilt, and marbled edges S £

CrARKE'S DICTIONARY OF THE ENGLISH Lmeumz, bound in cloth . 4s. 6.

» in half-morocco, gilt, marbled edges P X

e, bound with Dr. CLARKE'S ENGLISH ‘GrAMMAR_in cloth « Bs, 6d.

imtbo , in half-morooco, gilt, marbled edges . . « . 6a
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Hamrron's GrEex AND Encrisn and ENGLIsH AND GREEE DICTIONARY,
4vols.inl, boundineloth . .

Ditto, in half-morocco, gilt, marbled edges . ., . &s. 6d.
Ditto, with the GREER GRAMMAR, bound in cloth . ., 6
Ditto, with Ditto, in half-morocco, gilt, marbled edges . 65, 64
GoopwIN’s LATIN AND ENGLISH and ENGLISH AND LATIN DICTIONARY, 2
vols,inl,boundincloth . . . . . . . 4 6d.
Ditto, in half-moroceo, gilt, marbled edges. . o . . &s.
Ditto, with the LATIN GRAMMAR, bound in cloth . , &s 64,
Ditto, with Ditto, in half-morocco, gilt, marbled edges . . 6s,

Evwes's Frencr AND ENcuisy and ENcLisy AND FrENcH DICTIONARY,
2vols.inl,incloth . ., o« e+« e« 864

Ditto, in half-morocco, gilt, marbled edges . . . , , 4s,
Ditto, with the FRENCH GRAMMAR, bound in ¢loth , . 4s, 64,
Ditto, with Ditto, in half-morocco, gilt, marbled edges « . . 4s.

FRENCH AND ENoLI8H PHRASE BoOX, or Voonbulary of all Conversational
‘Words, bound, to carry in the pocket ., . ., . . 8

Erwes's ITALIAN, ENGLISH, AND FRENCH,—ENGLISH, ITALIAN, AND
chn,—ljmcx, ITALIAN, AND ENGLISH DICTIONARY, 3 vols.
in 1, boundineloth . . . . v . . Ts.6d

Erwes’s Ditto, in half-moroceo, gilt, marbled edges. . . . 85 6d.
Ditto, with the GRAMMAR, boundincloth , . . , 8s 6d,
Ditto, with Ditto, in half-morocco, gilt, marbled edges . . s,

——-—— SraNIsH AND ENGLISH and ENGLISH AND SrANISK DICTIONARY,
4 vols, in 1, bound in cloth L s T

———— Ditto, in half-moroceo, gilt, marbled edges. . . . 6s. 6d,
Ditto, with the GRAMMAR, bound ineloth . . . . . 6s
Ditto, with Ditto, in half morocco, gilt, marbled edges .  6s, 64.

Haumirton’s ENGLISH, GERMAN, AND FRENCH,—GERMAN, FRENCH, AND
ExeLisH,—FRENCH, GERMAN, AND ExaLisH DicrroNary, 3 vols,
in 1, boundineloth . . . P . o« o 4s

~———-— Ditto, in half-morocco, gilt, marbled edges . . . 43, 64.
—————— Ditto, with the GRAMMAR, boundincloth , ., ., . | &
Ditto, with Ditto, in half-morocco, gilt, marbled cdges .  5s. Gd.

BressrAv’s HEBREW AND ENoLIsH DICTIONARY, with the GraMMAR, 3
vols. boundinecloth . . . . . T X

Ditto, 8 vols., in half“morocco, gilt, marbled edges . . . 143,

. . . >

—

Now in the course of Publication,

GREEK AND LATIN CLASSICS,

Drice 1s. per Volume, (except in some instences, and those are 1s, 6d. or
2s. each), very neatly printed on good paper.

A Beries of Volumes containing the principal Greek and Latin Authors,
accompanied by Explanatory Ndtes in English, principally selected from
the best and most recent German Commentators, and comprising all those
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CLASSICAL SERIES.

Works that ave essential for the Scholar and the Pupil, and applieable for
the Universities of Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen,
aad Dublin,—the Colleges at Belfast, Cork, Galway, Winchester, and Eton,
and the great Schools at Harrow, Rugby, &c.—also for Private Tuition and

Instruction, and for the Library. .
Those that arg not priced are in the Press.
LATIN SERIES.
1 A mew LaTiv D Ext 9T Andria and Heauton-

from Classical Authors, whh
Vocabularies and Exphntory
Notos . . ls
2 Cmsan'’s COMMENTARIES on the
Garrio War; with Grammatical

lish, and a Geographical Index
8 Ooanum Neros; with English

Notes, &o.
4 Vmon.. The Ge Bucoli
and doubtrul Workga‘.u’with E:;:

otel
5 ViraiL's Mm(ontho same plan

as the preceding
6 Hoswn. Odua.ndE os; with
%ish Notes,and nnlysia and
explangtion of the metres .
HORACE.
with English Notes, &c.
8 SALLUBT. Conspirwy of Catiline,
Jugurthine War 1s. 64

GREEK
ON A SIMILAR PLAN

1 INTRODUCTORY GREEE READER.
On the same plan as the latin

or . . . . . .l
2 XexorHON. Anabasis,i. il i, . s
3 XI‘;rorxon. Anabagis, iv. v. vi, 1
vil, . . . la
4 Luctax. Select Dialogues . . 1ls.
& Homer. Iliad, i. tov1 3. 6d.
6 Homer. Iliad, vii toxil. . 1s 6d.
7 Homer. Iliad, xiil. to xviil. 1s 6d.
8 Homer. lliad, xix, to xxiv, 1s.8d
9 Homxr, Odyssey, i. to vi. 1s. 6d
10 Homer. Odyssey, vii to xii. 1s. 6d.
11 Homgr, Odyassey, xiii. to xviii.
12 HoMER, Odyssey, xix. to xxiv. ;
and Hymns

18 PraTo. Apol Crito, and Phsodo.
14 Hnomugo i

16 HzropoTUs, V, “vi n.nd of vii.
no‘;uis.x mainder of vii.

18 son Rex.
19 SoPHOCLES; ggi’g:‘: Colonseus,
20 Boruocx.m 3 Antigone.

23 Sormocum; Philootetes

o la

timorumenos 1a
10 TERENOR. Pharmlo, Adelphi and

Heoyra . 1s
11 Cicero. Ornuom ngninst Catlllne,
for Bulla, for Archias, and for the
Manilian Law,
12 Cicero. First and Socond Phi-
)&pxcu- Orauons for Milo, for

18 CicEro. lfe Officiis.

1t CICERO. De Amicitia, de Senec-
tute, and Brutus . 1s. 6d.

15 JuveENAL and PERstus. (’l‘be in-
delicate passa !;eu expunged).

16 Livy. Books1 to v. in 2 parts

17 Livv. Books xxi, and xxii

18 TacrTus. Agricola; Germania;
and Annals, "Book i,

10 Selections from TisuLrvs, OvID,

ROPERTIUS, and LUCRETIUS, -

20 Belections from SveToNIUs and the

later Latin Writers. . . la 6d

SERIES,
TO THE LATIN SERTES.

28 Eurtripes; Hecuba,
24 Eurtripes; Medea.
25 Euripmzs; Hippolytus.
<8 Evmrmu Alcestis.
21 Eummnu: Orestes.
28 Euriripes. Extracts from the
remaining plays.
20 BopooLEs., Kxtracts from the
remaining plays.
80 JESCAYLUA. P otheua Vinctus.
81 ZESCHYLUS.
82 JBICHYLUS. Sephm contra Thebas,
33 A-ouvrus, Chobphoras.
84 Ascavivs, Eumenides.
mnon.
Supplices.

85 ZUSCHYLUS,

86 AlsCHYLUS.

37 PLuTaRcH. Select Lives.

88 AnisTopHANES. Clouds.

89 ArisroPHANES. Frogs.

40 ARisToPHANES. Selectionsfromthe
remaining Comedies.

41 THUOYDIDES, i. . «

42 'DIDES, i

48 TaEOCRITUS, Select Idyls,
44 PINDAR.

45 150CRATES.

46 Hesiob.

. 8
. la

. ls

LONDON : JOEN WEALR, 5¢; HIGH HOLBORN.
'WHOLBSALE AGENTS, LOCKWOOD & 00., 7, STATIONERS' HALL COURT, B.C.



WORKS IN GENERAL LITERATURE PUBLISHED BY LOCEWOOD & CO,

USEFUL ARITHMETICAL WORKS, BY DANIEL O'GORMAN.

INTUITIVE CALCULATIONS;

The most Concise Methods ever published. Designed for the use of ali Classes—
Bankers, Brewers, Enginoers, Land Burveyors, Manufacturers, Merchants, Wine and
B Gommputation. Golz, and Currency. By DAL O Gomuur: Shud Bation: o3 |
m on, A1 . . 221 on, re-
vised bya L o tiat f'the Coll ge of Precspt: 80th Th d, crown 8vo, 8. 6d. cloth,

AN ORIGINAL AND COMPREHENSIVE SYSTEM OF SELF-
INSTRUCTING BOOK-KEEPING BY BINGLE AND DOUBLE ENTRY.
New Edition, 8vo, price 3. cloth.

THE PRINCE OF WALESS NEW TABLE-BOOK, compiled
from the *‘ Intuitive Caloulations ;” embracing all the Tables in Money, Weights,
and Measures, necessary for the Arithmetician; with New Tables of Decimal
Coins. New Bdition, 12mo, 8d. stitehed.

WORKS BY THE REV: WM. HARRISON, RECTOR OF BIRCH,
THE TONGUE OF TIME;

Or, the La:f\uge of a Church Clock. By WiLtiaM HarrisoN, A, M. of Brazenose Col-
lege, Oxford ; Domestic Chaplain to H.R.H. the Duke of Cambri ; Rector of Birch,
KEssex, 6th Edition, with b iful Frontisp , feap., reduced 2., cloth, gilt edges.
“ itt} tise, intended to | he f the d he edifi of P
1my'ﬂl:: |.17rlet. wmnlym‘}m{'d:v:rtg;n;ﬁ’y tl':?welva Cg‘t:::h?w:’: lzl?lytke'&m.umn the soul

THE SHEPHERD AND HIS SHEEP;

AN EXPOSITION OF THE TWENTY-THIRD PRALM,
2nd Edition, enlarged, fcap., reduced to 2. 6d. cloth, gilt edges.

CONSECRATED THOUGHTS;

OR, A FEW NOTES FROM A OHRISTIAN HARP.
2nd Edition, corrected, feap., 2s. 6d. cloth, gilt edges.

SERMONS ON THE COMMANDMENTS,
PREACHED IN THE CHAPEL OF THE MAGDALEN HOSPITAL,
ond Edition, corrected, fcap., 4s. cloth.

MANUAL FOR THE BEREAVED.
2nd Edition, feap., reduced to 4a. 6d. cloth,

HOURS OF SADNESS;

Or, Instruction and Comfort for the Mourner: consisting of a Scloction of Devotional
Meditations, Jnstructive and Consolatory Reflections, Letters, Prayers, Poetry, &e.,
from various Authors, suitable for the bereaved Christian.

Cheap and Entertaining Books for Children.

THE STORY OF THE THREE BEARS. 17th Edition, with |
Illustrations, oblong, now reduced to 6d. sewed.

THE GREAT BEAR’S STORY; or, the Vizier and the Woodman.
With Illustrations, oblong, now reduced to 6d. sewed.

AN HOUR AT BEARWOOD; or, The Wolf and the Seven Kids.
‘With Illustrations, oblong, now reduced to 6d. sewed.

THE THREE BEARS AND THEIR STORIES; being the above
Stories in 1 vol., with il 5 duced to 2s. oblong, cloth lsttersd.

THE UGLY DUCK. By Haxs ANDERSEN. Versified; and dedi-
. cated to the Readers of “‘The Three Bears.” Four Illustrations by WEiGALL.
Ollong, now reduced to 6d. sewed.
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LD JOLLIFFE, net a Goblin Story. 1. SIBERT’'S WOLD; or, CROSS PURPOSES.

s

?& dmma

v

WORKS IN GENERAL LITERATURE PUBLISHED BY LOCKWOOD & Co.

ﬁl.'EGANT CHRISTMAS, NEW YEAR'S, AND BIRTHDAY GIFTS,
. Ninth Edition, foap. 8vo, cloth, gilt edges, 568 pp., price 6.,

TRUTHS ILLUSTRATED BY GREAT AUTHORS.

QW Four TL ;!'Alldsto""a:‘&"‘h;; oflhéiml,
etaphe horl! c. rose and Verse.
Oompihotﬂmm Shakespeare and other Great Writers.
“ An ashisvement worthy of the highest ord “ t thi ith found grati-
!-% xenlus.”—Morning Advertiser. or of dﬂt‘fmm nﬁ';'ﬁ"ﬁ':y'é ﬁ":ry home.”” ~
«hw.m:l ljlt‘id‘mm and a‘nthml::‘ x“We knaw of no better book of the kind.”—
M"—Dl@lﬂl Ezam

Third Edition, fcap. 8vo, cloth, gilt edges, 536 pp., price 6z.,

THE BEAUTY OF HOLINESS;

Or, the Practical Christian’s Daily C'ompunlon being a Co].\eohol! !f upwards of Two
Thousand Reflective and Spiritual P mwg&s Remarkable for theit'S8ublimity, Beauty,
and Practicability ; sel from the Bacred Writings, and arranged in Engh:!-two Bec-
tions, each comprising a different Theme for Meditation, By the Editors of ¢ Truths
Illustrated by Great Authors.”

Becond Edition, feap. 8vo, cloth, gilt edges, nearly 700 pages, with beautiful
D O ignotts Title prios be, Lo

THE

PHILOSOPHY OF WILLIAM SHAKESPEARE.

Delineating, in Beven Hundred and Fifty Passages selected from his Plays, the Multi-
form Phases of the Human Mind. With Index and References. Collated, Elucidated,
and Alphabetically arranged, by the Editors of ¢ Truths Illustrated by Great Authora.”

Socond Bdition, foup. 8vo, cloth, gilt ed pages, with beautiful tinted lithograph
t1spiece and 'nu]:', e Sathaes o design of Morits Retach, prico 6., ?

SONGS OF THE SOUL,

Durl enward : being a New Collestion of Poetry, illustrative of

Power of the lmstlan Falth. Relected from the Works of the most eminent
Bmtilh. Foreign, and American Writers, Ancient and Modem’ Original and Translated.
By t}}e Edaﬂzorl of “Truths Illustrated by Great Authors,” Beauty of Holi-
ness,” &o. &o.

THE SUNBEAM STORIES.
Now ready, the Thirty-second Edition, price ls.,

A TRAP TO CATCH A SUNBEAM.

Also by the same Author,

“ COMING HOME” 2a. dloth gilt (just | THE HOUSETON THE ROCK. 1=
published). “ONLY ;" & Tale for Young and Old. 1ls
THBJ DREAM GHINTZ Uinstrated by | THE CLOUD WITH THE SILVER LINING,
ﬁﬁz;g:;wm . 6d., with a beau- | « A MERRY CHRISTMAS.” 1s. [1e.
THE STAR IN THE DESERT. Ie

m BEQUEL T0 “OLD JOLLIFFE.” le. Becond Edition, 8, 6. cloth.
;ll-np)c ltory. mdln m management of dh\o‘uqumkmdhd by few writers

Bredbury & Evans. Prioters, Whitefitars,






