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THE TECHNICAL STUDENT'S INTRODUCTION the result of the mistake in driving will probably

TO0 THE GENERAL PRINCIPLES OF be that the carriage is overturned. This principle is
MECHANICS. illustrated in the laying ont of watercourses, and in

TAWS AFFECTING NATURAL PHENOMENA—MATTER Axp  the junction of pipes for conveying water, or con-
MOTION. ducting steam or air at pressure, or the flues of boiler

or other furnaces. Thus, if the watercourse be made

CHAPTER XXVII. with a sharp corner at o, where the flow of the water

At the end of last chapter we stated that grave errors —in original divection at arrow ¢ is changed suddenly in
in mechanical construction were frequently made  direction £, the tendeney of the water to flow on in
through overlooking the great principle that motion  a straight line earries it to the corner  : and this, if
is always in straight lines; and that we should soft earth or soil, is worn rapidly down. or if it be
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Fig. 25,
illustrate a few points in comnection with fig. 26.%  hard and rocky, eddies and eross-currents are created
This we now proceed to do. If a carriage, «, be in the flow of the water before it can get steadily
drawn up rapidly in the direction of the arrow &, into the new direction f; and all eddies or cross
and through forgetfulness on the part of the driver  currents thus created tend to impede the regular
the corner is approached too nemly,—and if to  flow of the water; for we put two antagonistic
avoid the crash the horse is suddenly pulled to the  forces in action —the tendency of the water to go in
right, to go in the direction of safety Ly arrow ¢, the direction of ¢ ¢, and the tendeney of the fall or
flow of the water downwards in the direction of /.

~f The same holds true of inclosed channels in which
liquids flow, as water or drainage matter: and with

regard 10 this last-nawed art, it is diflicult to say what

was the extent of the sanitary evils produced, or

that of the hindrance created to vapid progress in

the practical drainage and sewerage of our streets

Fig. 26. and houses by the system so long adhered to—and it

—the tendency of the carrviage « to go in a straight  is by no means done away with yet—of making the
line carries it still forward in direction 4, while junction of a branch sewer or that of a house drain
the horse is pulling strongly in direction ¢, and  to a main sewer, as «, fig. 27, at right angles to the
S~ == - = - == main sewer bb, the direction of flow of liquid in

* In p. 260, last vol.. we referred to this fig. as 245 this 3¢ yoine 4y uf wrow shown.  The foree of the flowing

m, as ; stated, 26, aud the reference to fig. Lo . X oo X i
ggoxl:(};;:‘;;‘nmfn;) "353‘310313 be 25. liquid along it sent it to impinge against the side of
1
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2 THE TECHNICAL STUDENT'S INTRODUCTION T0O MECHANICS.

sewer opposite, tending rapidly to wear out the mortar
in the joints of the brickwork at that point, and, what
was worse, stopping or impeding the flow of the
sewage, and thus causing deposits of solid matter at
or near the point of junction, which deposits tended
to-—and in thousands of cases actually did—stop up
the sewer. And in the conducting of water along
pipes, not a few mechanics have been placed in
difficulties by giving junctions, and also by changing
the directions of the main flow, arranged on this
erroneous system of making them absolutely antago-
nistic to each other—as the flow of the liquid along
the junction, as a, strikes, so to say, that flowing down
b b, so as to throw it aside. In all cases where liquids
are conducted along channels or tubes,when any change
in the direction of the flow or current is to be made,
the tendency of the liquid to go in the original line
of its flow should be gradually and not suddenly over-
come; and this is best done by giving a curve at the
point where the change is to be made, as at ¢, between
the two antagonistic or opposite directions of d and e.
And the larger the radius of this curve the more easy

signed works, at A ¢ in fig. 27. The mechanio has
also often to deal with the conducting of air, either
cold or hot, or with heated gases from furnaces in
tubes or channels or flues; and the law we have now
under notice affects the flow of gases and air along
channels as it affects that of liquids. For although,
as we have seen, the popular mind has a difficulty
to grasp the fact, yet common air, for example, has
in reality the attributes of a solid body, and can offer
resistance to bodies moving through it, or to a solid
body it comes in contact with when itself in motion.
In the flues, for example, of a steam-engine boiler
furnace, the great object is to maintain the draught
with regularity, and thus as uniformly as possible. All
changes in the direction of the current oy line of
draught made abruptly affect its flow; and the loss
incurred arises not so much from the mere retarda-
tion of the speed, as in the deposit of soot and the
fine particles of ashes carried along with the heated
air, which deposit is just as much the result of the
disturbance of the flow of the current as is the
deposit of solid matter from a muddy liquid carried

Fig.

will the change in directipn of flow be made; in
all cases there will be a’lessened flow or rate of
eurrent in proportion to the number of changes. The
fewer the better of these; but in many cases circum-
stances compel numerous ones : all the greater reason,
therefore, to be careful how they are laid out. And
this carefulness is all the more necessary where the
mechanic has to deal with fluids which are muddy,
carrying matters in deposit—frequently the case in
industrial work. For every disturbance in the current
tending to stop or to reverse it, or to make it more
sluggish, brings about deposits of the solid matters held
in suspension, And these deposits become in time
causes of further changes in and a retardation of
the flow, and have been found in scores of cases so
difficult to be dealt with that large expenditure has
veen incurred by having to take down or up and repair
the channels. While attending to the main channel or
tube, all junctions to it must also be designed on the
correct principle we have pointed out. The worst of
all forms we have illustrated at a4 b; a very much
better form we show at f¢g; and the best of all, that
which is now the practice in the most carefully de-

27.

along a similar channel. Thus, in the case of a
“return” or a “wheel” flue, as at j k7, fig. 27,
the sudden changes in the direction of the current
or flow in line of draught, at the corners k and !/, will
give rise to such eddics and retardation, that the soot
deposits will so rapidly incrense that it may only
be by repeated and therefore costly clearings-out of
the flues that the draught of the furnace can be
maintained with the desired efficiency. All this may
be avoided by giving the flue a continuity of direction
as nearly approaching a straight line as possible, and
this by curving off the corners as at n o, or better stilk
by making, if the plan will admit of it, the sweep or
complete curve as at p. This straight-line motion is
that which is aimed at in all flued boiler design ; but
in many of the forms which have been patented—
some of which have presented most curious complica-
tions in the forms or shape of the internal flues or
tube-flucs—what saving has been expected by
utilising the heat of the gases passing from the
fire grate to the chimney flue has been lost by
the errors made in the design, not so much in
overestimating the economical effect of internal flues
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—which, however, is frequently done—but by the
shape or form and the position given to these, in
forgetfulness or ignorance of the law now under
notice. Some may fancy that mistakes so glaring
as that exemplified in fig. 27, at j % /, could not
be perpetrated ; but we have had to deal with cases
as bad, if not worse, if worse could be. And we have
seen that in the case of drainage mechanics as glaring
a mistake has been made by hundreds of artificers,
and that through a long course of years. Under
this head all these illustrations have been presented
to the youthful student in mechanics, not altogether
in view of the important special lessons of a practical
kind they are calculated to convey ; but also with the
object, in one sense not much lessimportant, of leading
him into that habit of careful thought which enables
him not merely to understand as far as may be the
peculiarities of a natural law, but to think of
subjects from all points of view, or “all round,” to
use the graphic expression more than once employed
in these pages—in that close and direct way which,
perhaps more than any other faculty possessed by the
mechanic, securcs to him that success in his work
which we suppose him to be ever striving to obtain.

Wotion in Curved Lines.—Centrifugal Force.—Circular Motion,
or Motion round an Axis or Centre,

We have seen by preceding paragraphs that the
natural tendency of all moving bodies is to go on in
straight lines, as the natural tendency of motion is to
be uniform—that is, to pass through equal spaces in
equal times. But just as this uniformity in motion, if
changed, must be changed by some force eother than
the original force which set the body in motion,
so the natural straightness or directness of that
motion, if changed — that is, bent or deflected —
must be the result of some other force. Motion in
curved lines produced by a given force may be said
to be of two kinds. First, that in which contihuity
in the sense of length is its characteristic—as extend-
ing, say, from point @ to b—which line is called the
path of motion (see fig. 28). Second, that in
which the direction of the curve is changed more or
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less frequently—as, for example, the motion may go
from ¢ to d, then from e to f, then by the force be
changed so as to go from g to A, then from j to .
Here the paths of movement of the body are such

that, beginning at point ¢, it goes—or rather is
compelled by a superior force to go—round by e f A,
till it finally returns to the same point ¢ from which
it started. When a point or a body moves thus
in a line which “returns into itself,” to use the

Fi'g. 29,

ordinary phrase, the path of the motion is a “circle.”
If any point and all the points of it are equidistant
from a given point, as k, this point % is called the
“centre”; and in relation to solid bodies with curved
surfaces, such as cylinders, cones and spheres, the point
k is called the “axis.” If the body or point move, or
is compelled to move in a series of curved lines which,
taken as a whole, ¢ returns into itself ” in a continuous
figure or outline other than that of a circle, that figure
is the “ellipse "—popularly called the oval ; the body
or point revolving, 8o to say, round two points (a, b,
fig. 29) called the “foci” The elliptical path of
motion is that of the movements of the celestial
bodies ; the circular path is that with which we are
most familiar, being that of by far the greatest
number of bodies which move in curved paths or
lines,—it may, indeed, be said to be the only curved
movement we use or see examples of around us.

‘We have elsewhere alluded to the fact that a circle
is in fact a polygon made up of an infinite series
of straight lines, the direction of which, as in the
lines of all polygonal figures, is continually changing.
This explains or illustrates the relation of the curved
line, as ¢ d, fig. 28, which a body is compelled to
take, to the straight line, as n o, which path, as
we have seen in preceding paragraph, is the one in
which a body acted upon by a force at the point n
has a tendency to go, and is, in fact, the natural
path of motion, which is not acted upon by any
force or forces disturbing the primary force. The
arrow ¢ represents the straight line in which it is
the tendency of the body acted upon by a force, as at
feathered end, to move,—and so on with the other
lines. The student will perceive readily enough that
at each change of direction in the sides of the polygon
which we have seen a circle to be, a force must act
at each corner, so to say, with power sufficient to
“drag round” the body moving along from = to o,
fig, 28, go that it will take the direction of line p.
And the student, remembering that the polygon
or circle is made up of an infinite number of sides,
will see that this “dragging round” is going on
at an infinite series of points—practically speaking,
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at every point in the curved line. This dragging
force may be given in a variety of ways; but
the most familiar example we have of a force pro-
ducing a circular movement the path of which is
constantly returning into itself,” round and equi-
distant from a given point, is the swinging of a heavy
body, as a stone suspended, say in a sling by a cord
or band held in the hand. We need not at present
enter into any consideration of intricate points con-
nected with the “moving force.” Every schoolboy
is familiar with the fact that by his bodily exertion,
or rather by the muscular force of his arm, he can
keep the stone in a sling in rapid movement round
his hand. And the path of this movement he can,
so to say, adjust in such a way that it will assume
different positions in relation to his body. He may
give it a horizontal path round and above his head,
which path will be at right angles to his body or
parallel with the ground; the path he gives it may be
parallel to the length of his erect body, or at right
angles to the ground ; or he may so swing it that it
may be oblique to his body or the surface of the
ground he stands upon. The schoolboy may and
often does all this, but he does it intuitively and
without thinking; but if the young mechanical
student will not disdain to use and to experiment
with so familiar and simple a ¢ philosophical instru-
ment” as a boy’s sling is, he will, by patiently
thinking out what his different twirls are, receive
some lessons as to “circular motions” the value of
which in his after duties in workshop practice he
will then fully acknowledge. In patiently analysing
a8 best he can—and facility of analyses of these
kinds will come to him with continued practice—
these movements, he will in one of them be almost
bodily sensitive to the fact that he is actually
dragging round the sling at each change in .the
direction of its motion—as, say, at the curve ¢ d,
fig. 28. He feels that this dragging force which
is exerted by his hand, wrist and arm, is absolutely
necessary to counteract some influence which he may
be said to know intuitively tends, and that more or less
but always powerfully, to take the stone in the sling
out of the curved or circular path in which by the
force of his muscles acted upon by his volition or will
he can alone maintain it, and send it in some straight-
lined course, as n o, p, ¢, or ! m.
Centrifugal Force.

Now, in this influence, of which he is perfectly
conscious, the young reader becomes aoquainted with
a physical force of a most important kind in mechanics,
and which, although actually concerned with or
arising from the very circular or curved motion he is,
80 to say, creating by his muscular force or exertion,
is in iteelf a striking exemplification of the physical
or natural law explained in the preceding paragraph

—namely, that all motion is in straight lines. He
can, while swinging the sling quickly round, have &
very striking example of this natural tendemcy of
moving bodies; for he has only to let go one of the
two cords of his leather sling, thus releasing the
stone embraced by it, when it quickly darts forth from
it and proceeds or “ flies ” from him in a straight line,
as above named. That this line is straight even the
schoolboy soon learns to know, and so to depend upon
the accuracy of the direct line that, by dint of a little
practice, he can so aim at that he can strike a body
at some distance from him with the stone which he
releases from his sling. In ancient times the sling
was an effective instrument of warfare; and in the
“lagso” of the South American herdsman, which is
a long cord and terminated with a loop, we find
another way in which this tendency is made practically
useful,—for after whirling the loop round his head
he at a certain moment lets it go, when, leaving its
circular path, it darts off straight to its destined
point—the head or horns of the buffalo or ox which
it is the object of the herdsman to catch. Returning
to the experiment of the youthful student with the
sling : of the two forces, of which he is now cognisant,
present in its movement, he feels that one is that of
his wrist or arm in constantly dragging round the
stone—¢ forcing it,” to use the popular yet most
suggestive phrase, to travel in a circular direction;
and the other that which, if left free, forces it to go
off in a line perfectly opposite to that of the curved
one—that is, in a straight line. This “force,” which
is found to exist in all bodies compelled to move in
a circular direction, is that to which the name of
“ centrifugal ” is given. Centrifugal force is, then,
that which is prompting, so to say, all bodies so
moving to fly away from or leave the centre, and
this always in straight or direct lines. The term is
derived from two Latin words, centrum, a centre, and
JSugere, to fly—so that this force may be defined as
a “centre flying” or “leaving” one. The opposite
or converse ‘force”—namely, that which compels a
body to seek or move towards the centre—is called
‘ centripetal,”” from two Latin words, centrum,
and petere, to move forward or towards. The force,
such as that of the muscular power of the body in
the case of the sling, which drags round the body,
compelling it to leave the natural straight line, is the
“ centripetal force "—while, when the sling is released
and the stone left free to move, it is the * centrifugal ”
force which by its action sends forth the body in a
straight line, the length of which and the velocity
with which it moves along it is dependent upon the
velocity of the body while it was compelled to move in
a circular direction ; and the momentum or force with
which the stone strikes the body aimed at is dependent
uponggs weight or mass and its velocity forward.



THE GEOMETRICAL DRAUGHTSMAN. 5

THE GEOMETRICAL DRAUGHTSMAN.

His WORK IN THE CONSTRUCTION OF THE IFIGURES
AND PROBLEMS OF PLANE GEOMETRY, USEFUL IN
TROHENIOAL WORK.

CHAPTER XV.
Ar the conclusion of the preceding chapter, we began
to describe the method of obtaining a nonagon within
a given circle. 'We now conclude this by the following.
Join the centre a to the point g by a straight line,

Fig. 75.

which will cut the circumference at %h: we obtain
thus the arc d %, which will be nearly the side of the
inscribed nonagon, and which is taken and set off nine
times round the circumference of the circle. Each
angle of the regular nonagon is equal to 140°

The ¢ decagon,” or ten-sided polygon, is illustrated
in fig. 76, which also illustrates the method of inscrib-
ing the figure within a given circle. To obtain the

side of the inscribed decagon, divide the radius into

7N

4 S

Fig 176,

mean and extreme proportions, The largest division
obtained will be the side of the decagon, which will

divide the circumference exactly into ten parts, if

set off from the point b.

Divisions or sides of the inscribed decagon may
be obtained by first dividing the circle into five equal
parts, by the method shown in fig. 1, Plate CCXV.
Then dividing each arc into two equal parts, we obtain

the ten points of the angles of the decagon. Each
angle of the regular decagon is equal to 144°

The “ dodecagon” is a twelve-sided polygon. To
find the twelve points of the angles of the inscribed
dodecagon in fig. 77, first carry the radius, a b, six
times round the circumference; then divide each of

Fig. 77.
the six arcs, as b e, e d, d ¢, e f,f g, and g A, into two
parts, asat h and ¢; and in this way the twelve points
of the regular inscribed dodecagon will be obtained,
which join by lines, as in the diagram. Each angle of
the regular dodecagon is equal to 150°,

The method of finding by approximation the side of
any regular inscribed polygon may be as follows :—
Suppose that we wish to obtain the side of the nona-
gon as in fig. 5, Plate CCXV., Having divided the
diameter, @ b, of the circle into as many parts as the
polygon which we wish to. obtain has sides, from the
points @ and b as centres, and with a radius equal to
this diameter, we determine by two arcs the point of
intersection ¢. Through this point, and the second
division, ¢, of the diameter, draw the straight line c ¢ ;
the chord b ¢ of the arc b f ¢ will be the side of the
polygon wanted.

We may also obtain the summits of the angles of
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Fig. 78,
any regular polygon by the method illustrated in
fig. 78. 1If, for example, we wish to obtain the five
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points of a regular pentagon, we take the circum-
ference as 360°, and, by dividing this number by five,
we obtain 72° as measurement of each of the five
angles, which we draw round the point o, thus giving
equal lengths, o a, 03, o¢, 0d, and o ¢, to the five
radial lines of these angles, and we obtain the five
points of the angles of the regular pentagon.

“ Irregular polygons” are those figures the sides
or angles of which are not equal, as in fig. 79. To
describe an irregular polygon, divide it into triangles,

Fig. 79.
drawing lines from one of its diagonals (as from a to
b, ¢, d, and ¢) to all the others. Thero will always be
as many triangles as the polygon has sides, less two.
This being done, draw each triangle successively in
the same order as the copy, by the same method which
has been given to construct the scalene triangles.

)2 -,,//// //

Fig. 80.

The surface of every irregular polygon is equal to
the sum of the surfaces of the triangles which com-
pose it, as the angles a f b, a ¢ b,a d ¢, a e d, and
aeg. The sum of the angles of a polygon is equal
to that of as many times two right angles as there
are sides, less two, in the polygon.

Irregular polygons with ve-entering angles.—To
copy or measure any irregular polygon with re-entering
angles, as in fig. 80 in text, divide it into triangles,
which draw in the same order if it is to be reproduced,

or which measure if the same surfaces are to be set
out anew. The triangles into which the figure is
then divided are as follows: abo,aef,a g, ago,
bed, bjk, bkh,lha,lia.

To construct a polygon equal to a given polygon.—
First, by decomposition into triangles. This decom-

Fig. 81,

position may be effected in different ways : either by
joining a summit, a (fig. 81), of the polygon to all its
other summits, as already shown, or by taking any
point ¢ and joining it to all these summits, It is
only necessary then to determine in succession each of
these triangles, and to reconstruct these triangles one
after the other. In the diagram in fig. 81 we sup-
pose that we have taken no other dimensions than
those of the lengths of the sides, and of the diagonals
ac, ad, ete, or of the lines ¢ a,2 b, ¢ ¢, etc. This
method of decomposition offers, from a practical point
of view, a very serious disadvantage; for we are
obliged to build, as it were, triangle upon triangle, in
such a way that, if there is a large number of them,
the last may be burdened with all the mistakes made
in the preceding ones, and their position be thus
considerably altered. For it is to be mnoted that,
however small the mistake made in measurement may
be at first, this increases in such a rapid ratio that
the error will be very serious at the conclusion of the
construction.

The following method does not present this dis-
advantage : it allows us, on the contrary, to determine
separately each point of the polygon, so as to render
the position of any one independent of the orrors
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Fig. 82.

which have been made in finding the position of the
others. This method is by decomposing the figure
into a series of trapezia. Let a be defgh (tig. 82)
be the polygon given, which is to be reconstructed.
Draw in the plan of this polygon any line whatever, to
whichiive the name of axis; and upon this line drop
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the perpendiculars A a, Bb, 0o, D d, etc. Measure these
perpendiculars, and also the distances @ b, a , a ¢, a d,
etc. Each point of the polygon may then be put in
its place by drawing, at a convenient part of the
paper, & straight line, as a f, and setting off upon this
from any point, as e, lengths a b, a %, a ¢, a d, etc.,
and by raising, at the different points thus obtained,
perpendiculars A @, B b, m h, 0¢, ete., equal to the
lengths previously measured. It only remains, in
order to finish the construction of the polygonm, t
join the points thus obtained in succession. :
In concluding our constructions or problems in
connection with straight-lined figures, as polygons,
we deem it necessary to explain certain terms and nx-
pressions which are often confounded with one another,
and give rise to ideas in the minds of students of
geometrical construction. We shall endeavour to
give here the exact definitions of the following
expressions : ““equal figures,” “ symmetrical figures,”
“similar figures,” and * equivalent figures,” all of

«@

Fig. 83.

which are popularly supposed to be synonymous, mean-
ing the same thing, which they do not. First as to
“equal figures.” Equal figures are those which have
the angles and the sides equal and placed in the same
direction, as in fig. 83. Two equal figures placed one
upon the other should coincide perfectly—that is to
sny, they should cover each other exactly, without any
part of either extending beyond the other. It follows,
therefore, that equal figures have the same surface.
Second, as to “symmetrical figures.” We call those
figures ‘symmetrical” which are equal, but whose
equal sides and angles are placed in a contrary
direction, as in fig. 83 if we suppose the side d ¢ was to
be placed where the side b is~—that is, side ¢/’ d’ to the
right and ¢ d to the left. The two hands, the two
feet, and all the double organs of man are symmetrical
figures. Symmetrical figures are equal in surface.
Third, as to “similar figures.” Woe call those figures
similar which have all their angles equal each to each,
and the corresponding sides proportional, as in fig. 84.
Similar figures may be very different in surface. In

similar figures we call those angles homologous which
are equal each to each, and those sides homologous
which join the points of two homologous angles.
Thus the angle a (fig. 84) is homologous to the angle
A; the side b ¢ is homologous to the side B ¢, Fourth,

%
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Fig. 84.

as to “ equivalent figures.” These are figures which
have the same area or extent of surface, as in fig. 85.
Two equivalent figures may be dissimilar as to their
forms : for example, a triangle may be equivalent to
a square, to a rectangle, etc. Thus, the surface of
a meadow in the form of a parallelogram three acres

in extent would be equivalent to that of a piece of
ground in the form of a triangle if, in this triangle,
the base multiplied by the half of the height gave us
a number of square yards equal to three acres.

The points connected with the problems on right
or straight-lined figures are of great practical import-
ance, as much of the work of the constructive mechanic
depends upon drawings in which mere surfaces or
what are called forms, shapes, or figures are concerned.
With these he is working daily; and in the rough-
and-ready method which many artificers adopt, not
only as to constructing or forming them, but in
estimating the extent of their area, though they may

* be ignorant of practical geometry, they are working

out unconsciously many of its problems and methods.
These forms and figures, and those about to be de-
seribed, are also of great use in many of the larger
operations of the land surveyor and the architect.



THE CALICO PRINTER.

THE CHEMISTRY AND TECHNICAL OPERATIONS OF HIS
TRADE.

CHAPTER XVIII.

Vegetable Colouring-Matters (continued).—Litmus.
Ta1s dye is prepared in a somewhat similar manner
to orchil, but with the addition of pearlash, from the
lichens Roocella lecanora and vartolaria, which grow
on the coasts of Norway, Sweden, and the Canary
Islands. The blue pulp so0 obtained is dried, and
oconstitutes the litmus of commerce, as an indigo-blue
eake, which readily dissolves out a blue liquid with
water or alcohol, which turns red on the addition in
excess of an acid, and blue again on adding exoess
of an alkali. Hence it is largely used in the labo-
ratory as a test for acidity and alkalinity. It is not
used in calico printing, except in rare cases, when an
unfixed violet is obtained by printing on the thickened
neutral aqueous solution.

Porsian Berries,

This important dye-ware is the seed-bearing
fruit of the buckthorn, and of several other
species of the genus of shrubs Rhamnus, growing
in Persia, the Levant, Roumania, and various parts
of southern Europe. The berries are about the
size of peas, and are marked with semicircular de-
pressions; they are of yellow or green or black colour,
according to age. The latter are generally deficient
in tinctorial properties, as are also those of too yellow
a shade. They should be collected unripe, or
when they have attained a greenish-yellow colour.
They are brittle, and when broken of yellow
colour ; they emit a peculiar odour, and are of bitter
taste. They contain several compound bodies, but
the essential colouring principle is a glucoside
termed rhamnin by Lefort (C,,H;,05 + H,0), which
dissolves out slightly in cold water, but readily in hot
water or alcohol. This body, which is the valuable
principle in berries, crystallises in yellow silky needles,
and is probably identical with the colour contained
in quercitron bark. On treating berries with boiling
water a yellow-greenish solution is obtained, which
is the liquor that is used in dyeing, etc., and exhibits
the following properties : dilute alkalies turn it
orange ; dilute acids give a slight precipitate; alum
yields no precipitate ; acetate of alumina boiled gives a
splendid bright-yellow precipitate, which is the colour
made use of in calico printing and dyeing ; gelatine on
boiling gives a flocculent precipitate ; lime-water turns
greenish and forms a slight precipitate. Persian
berries yield a bright yellow with alumina mordant ;
yellow with tannic acid ; orange-yellow with tin ; olive-
green with iron. The aqueous extract (which when
dried constitutes the rhamnine of commerce) is used
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chiefly in calico printing to produce a yellow with
acetate of alumina, and o green with aniline blue
or aniline green, and also & green by printing and
steaming with prussiate of tin.

Bark or Quercitron.

This is the inner bark of various species of trees
belonging to the natural order of Amentacew, known
a8 Quercus nigra or black oak, Quercus digitata,
Querous tinctoria, and Quercus trifida. The black
oak, which yields the bulk of the bark in the
market, is & tree twenty-five to thirty metres high,
which grows in the forests of Pennsylvania and other
parts of the United States. The epidermis, which
is black, is removed, -and the bark is ground or
rasped, and is ready for the market, or for conversion
into extracts. These, as in the case of logwood, are
made by extracting with water and evaporating down
to the desired strength.

Ground or chipped bark of commerce is a rough
powder of yellow or buff colour, which yields with
water a yellow liquid, which dyes up cloth properly
mordanted with alumina, yellow; with tin, orange;
with iron, olive, darker than in the case of berries—
or when a stronger mordant and liguor are used, a
black, The aqueous solution is turned orange by
alkalies ; it is not much affected by acids. In calico.
printing ground bark is used for dyeing yellow or
olive upon alumina, tin, and iron mordants.

Extract of bark is a dark-brown liquor or syrup,
largely used in printing, generally in conjunction
with logwood extract in producing a black, with
acetates of iron and chrome.

The tinctorial principle of bark is.quereitrin, which
closely resembles in properties rhamnin of berries.
It contains, however, o large percentage of another
body—namely querci-tannic acid, which is the chief
cause of the deep-black colour obtained from bark
with iron or chrome.

Flavine is quercitron bark prepared by a special pro-
cess whereby a yellow powder is obtained, which yields
very bright and fast yellows with tin and alumina
mordants. It is much strongee than the bark, for
the first-class flavine contains ten to sixteen times as
much colouring-matter as bark. The best quality is
manufactured in America, but a considerable amount
is made in England by the following process :—Two
tons of bark are mixed with four tons of water;
2 cwt. of oil of vitriol is added, and steam is passed
into the mixture for twelve hours. It is then run
upon woollen filters, and washed with water until all
the acid has been removed ; pressed, dried, and served.
Flavine may thus be said to stand in the same rela-
tion to bark as garancin does to alizarine, For use in
printing flavine is extracted with boiling water, the
insolgele matter settled out, and the aqueous solution
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evaporated to the desired strength. It is employed
for dark-yellows, oranges, and olives.

‘Weld.

This dye is the extract of a dried plant known as
Reseda luteola, a small herb cultivated in various
parts of France, Germany, and Austro-Hungary, and
formerly grown in this country, The weld plant is
sold in sheaves like straw, of a yellowish colour—
which on boiling under pressure with water, or by
extraction with alcohol, yields the weld extract of
commerce. Extract of weld may be used for the
same purposes as berries in printing,—namely, the
production of yellow, alumina and tin being the mor-
dants,—but has fallen into disuse.

The colouring principle of weld is named Juteolin,
which dried at 150° has the formula C,,H Oy, and is
a yellow substance crystallising in needles, which are
slightly soluble in water, soluble in alcohol and ether,
or boiling acetic acid.

Fustic (Yellow Brazil-wood, Cuba-wood).

This dye-ware is the decorticated wood of Morus
tinctoria, & tree growing wild in various districts of
India, and in Mexica, Cuba, Jamaica, and some parts of
South America. The wood, which is of canary-yellow
colour, is sold generally as a coarse powder, or in
chips, which having & “fermentation ” similar to that
of logwood, readily yields on treatment with water
pale-yellow liquid which dyes alumina-mordanted
cloth yellow, closely resembling that obtained with
quercitron bark, and resembling the latter dye in
most other respects. It contains two colouring prin-
ciples, or rather modifications of the same, named
morine and morein—the former readily passing into
the latter modification by oxidation.

Fustic is used for dyeing both cotton and wool
yellow. The fustic liquor and extract of commerce
are extracts of the dye obtained by boiling with
water and evaporating down. They are used in
printing similarly to quercitron bark, both for yellows
and combined with logwood blacks. They are also
employed for making yellow carmine or lake, also red
fustic lake.

Aloes.

This is the dried juice of different species of the
dloe genus of plants. It was formerly used in
dyeing, but has now been superseded ; it yields indif-
ferent shades of yellow, pink and purple on silk and
wool, and rather poorer shades on cotton mordanted
with tin, alumina, etc.

Turmerio.

This is the yellow or buff coloured chipped or °

rasped tuber or underground stem of the Curcuma
tinctoria, a plant belonging to the Seitaminec, which
grows in some parts of China and India. The com-
mercial producy mostly comes from Bengal and Java.
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Boiling water, or cold alcohol, or ether, or the fatty
and essential oils, extract a yellow-coloured liquid
which has the characteristic property of readily
changing to a red-brown by alkalies, and returning
again yellow on addition of an acid. It dyes up wool
and silk a beauntiful but fugitive golden yellow, and
cotton a bright but also very loose yellow. The
aleoholic solution may be printed on cotton without
a mordant, and after steaming or ageing, slightly
attaches itself to the cloth; cold dilute soap turns it
red-brown, and daylight soon destroys the shade.
Turmeric is used in the laboratory as a test for
alkalies.
Annatto (Anotto, Rocon, Bixin, Orleans).

The- fruit of a South American shrub named
Bixa orellana, is surrounded with a pulp, which after
‘“fermentation " is dried and constitutes the annatto
of commmerce. On ftreatment with water a yellow
liquid is obtained, containing a yellow colouring
principle termed orellin. This solution dyes up cloth
mordanted with alumina a fine bright yellow ; the
residue, however, yet contains a tinctorial body named
bixzin. Indeed, the chemistry of annatto is not
thoroughly understood : it contains several compli-
cated substances the exact tinctorial properties of
which has not been fully ascertained. In printing
with annatto caustic soda is used as the solvent of the
colouring principle. 11b. annatto paste is boiled
with 1§ gill caustic soda at 18° T. After thorough
boiling 1 oz. tartaric acid is added, and 6 oz. ground
alum; these ingredients are well mixed, thickened
with starch and British gum, printed, steamed, and
washed. A bright orange-yellow is obtained, which
resists soap and light moderately well, and rapidly
fades in the sun.

Catechu (Cutch, Gambier, Terra Japonica, Cashew).

Under these and other names are known a variety
of vegetable preparations which are largely used in
printing and dyeing for obtaining various shades
of black, brown, and chocolate. These dye-stuffs,
sometimes termed astringents (see the ¢ Cyclopedic
Technical Dictionary "), consist of the dried aqueous
extract of a great variety of plants, and contain tannic
and gallic acids and several colouring bodies closely
allied to those two substances. Genuine catechu is
obtained from the wood of Acacia catechu, a tree
belonging to the Leguminoss, division Mimosw, and
growing in Hindostan and the Indian Archipelago.

Theory of the Use of Catechu in Dyeing and
Printing.—Catechu contains (1) a variety of tannin
named catechu-tannic acid, an amorphous, colourless
tannine, which dissolves in cold water, and is thrown
down by gelatin, and also as a dark greenish pre-
cipitate by persalts of iron. According to Dr. Davy,
Bombay catechu contains about 50 per cent. of this
body.
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THE COLOUR MANUFACTURER.
WITH PRACTICAL NOTES ON THE USE OF PAINTS AND
DYES IN DECORATIVE WORK.

PART FIRST.—PIGMENTS,

CHAPTER X.
The Chemistry of Copper Compounds.
IN continuation of this paragraph, begun at the end
of our preceding chapter, we have to state that it
is to the class of salts formed by cupric oxide
that most copper-green pigments belong. They
possess the remarkable property of being almost
colourless in the anhydrous or dry state, but green or
blue when in the hydrated condition or united with
a certain proportion of water. Hence, when green
copper pigments are heated but slightly, they lose
their colour; and they frequently alter in shade
very slowly by mere prolonged exposure to the air.
Light has also a destructive action upon many copper
pigments, the action undoubtedly being simply the
escape of the water of hydration. The principal
compounds of copper which are insoluble, and to which
belong copper pigments, are (1) various basic salts, also
termed oxy-salts, as the oxy-chloride, Cuy0, Cly(H,0),,
which is a light-blue compound formed as a green
precipitate, when cupric chloride is decomposed by
an excess of caustic soda. It occurs native as ataca-
mite. Several basic sulphates exist ; thus, by sub-
jecting sulphate of copper to a gentle ignition for
several hours, an orange-coloured powder is obtained,
Cu,80;, which by the action of cold water is par-
tially transformed into an insoluble basic salt of the
composition CuSo,+Ca(OH),. Another basic sulphate
occurs native-—brochantite, CuSO, 4+ 8 Cu(OH)—
which is a mineral of a bright-green colour. (2)
Qertain basic phosphates are green insoluble bodies :
thus, libethenite is a dark olive-green mineral,
CuPO, : CuOH ; and pseudo-malackite (CuOH),PO,, is
emerald green. (3) The arsenates are green insoluble
bodies—as the ortho-arsenate, Cuy(AsO,);’ 2H 0, a
blue compound obtained by gently igniting together
arsenate of lime and nitrate of copper. (4) The
arsenités, as CuHAsO, which forms an important
pigment known as Scheele’s green, and under
which heading we treat it. (5) Two silicates occur
in nature as bright-green minerals: thus there
are dioptase or emerald copper, CuH,8i0,, which
is bright green, and chrysocolls, CuH,8i0,-H,0,
which is blue. (6) Several basic carbonates, as
malachite, OuCO;+ Cu(OH),, are insoluble, which
latter we treat as a pigment used in the arts.
(7) Bulphides: the cuprous sulphide, Cu,8, is black
or grey, formed when copper and sulphur are ignited
together, and also occurs native as copper-glance or
chalcocite. The cupric sulphide, Cuf, is a dark-brown
compound formed by the action of sulphur or sul-

phuretted hydrogen, or an alkaline sulphide on a
cupric salt. Therefore copper pigments, when sub-
jected to sulphurous gases (as bad coal- gas),
become more or less injured from the formation of
copper sulphide, and this is one of their worst
faults. The reader will thus understand the
principles of the use of copper pigments, and will
appreciate the better our remarks upon the fastness
or stability of copper green compared with other
greens. (8) DBorate, (9) Stannate, (10) Zincate,
(11) Acetate and Aceto-arsenite, are all insoluble
compounds of copper, which are treated under their
respective headings.

‘We now proceed to a short review of the methods
of making and using such of the above-enumerated
compounds as are found to be applicable for the
purposes of the decorative arts,

Malachite Green,

Malachite, or mountain green, is a basic carbonate of
copper, having the composition CuCO, Cu(OH),. It
occurs native in many localities in Cumberland, and in
the mountains of Kernhausen, as a beautiful green ore,
and is simply ground to powder and washed, to render
it fit for use. The ore is much used by jewellers, The
shade of this natural pigment is brilliant. and varies
from emerald green to grass green. It is not very
fast against the action of light and damp air; sulphu-
rous gases and alkaline liquids injure it, sulphur
blackening it by the formation of the black sulphide.
It is not injured by the pralonged action of dry air.
Carbonate of copper may be prepared artificially by
the cautious precipitation of bluestone with carbonate
of soda, avoiding an excess of the latter; and careful
washing and filtering render the precipitate fit for use
as a pigment,

Malachite, or mountain green, is largely used in
fine painting, but is inferior to Scheele’s and other
pigments,

Brunswick Green.

Genuine Brunswick green is an oxychloride of
copper, of a bright but rather pale green colour. It
is largely employed in house-painting, but not in
fine-art work. When the ammonio-chloride of copper,
NH,CuCl, is treated with water, it forms a green
precipitate, insoluble in water. Also, when an
aqueous solution of cupric chloride, Cu,Cl,, is treated
with a quantity of potash insufficient to decompose
the whole of it, a pale-green precipitate is formed,
which, on heating, is converted into a black powder ;
and on again treating with water yields a fine green
powder, having the composition represented by the
equation 2 Cu,ClO* 3H,0. This is true “ Brunswick
green.” It may be produced on the large scale
by allowing hydrochloric acid to act slowly on poor
copper, ore with exposure to the air, the green oxy-
chloflle being gradually formed, together with a
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proportion of the hydrated protochloride of copper,
according to the equation

6 Cu,01+ Aq+0,=4 CuCl+Aq+2 CuCl+ 3 Cu,0.

It is collected, washed by careful decantation, after
the ore unacted upon has been removed by mechanical
means, and filtered.

Another largely employed method for making
Brunswick green is to expose copper foil or clippings
to the air, moistening it repeatedly with hydrochloric
acid or sal-ammoniac, and then, when the copper has
been sufficiently acted upon, treating with water.

Brunswick green occurs native in the form of the
mineral atacamite, which, we believe, was formerly
ground, washed, and employed as a pigment.

Brunswick green is but a moderately stable pig-
ment. It is very susceptible to the action of heat;
when gently warmed, water is gradually given off, and
it assumes a dark colour; when more slowly heated it is
completely decomposed, hydrochloric acid is given off,
and it is converted into the black oxide of copper. It
is insoluble in water ; it stands exposure to the air
for a long time. It is acted on by dilute acids and
strong alkalies, which readily dissolve it.

It is used in house-painting, but never is employed
in fine-art work.

Muny of the “Brunswick greens” in the market
are not in reality such, but are mixtures of Prussian
blue and chrome-yellow, or vegetable lake yellow,
the detection of which will be readily effected by
the means we have before referred to or may hereafter
describe.

Verditer or Bremen Green, or Green Bice.

This pigment is very similar in properties to Bruns-
wick green, and does, in fact, consist largely of an
oxychloride of copper, together with cupric hydrate
and more or less of salts of the alkalies which form with
this a double salt of copper and alkali. One method
of manufacture consists in exposing scrape-copper to
the air, as damp as possible, in large shallow vessels,
together with moist common salt and sulphate of
potash. In place of the latter salt some makers add
a larger quantity of common salt, together with dilute
sulphuric acid. 'When the copper is completely
decomposed, it is mixed with about 7 per cent. of
sulphate of copper (blue-stone) dissolved in water, and
then 40 per cent. of a solution of caustic soda at 32°
to 36° Bé. added. The precipitate is well washed by
decantation, and filtered into a thick pulp, when, if
necessary, a further quantity of water is expressed in
» filter press, when it is ready for use as a green pig-
ment. Oareful preparation yields a useful green for
house-painting, but it is inapplicable for fine-art work.
As regards stability, it possesses the same objection
a8 true Brunswick green, than which, indeed, it is
commonly held in less regard.

Verdigris Green.

This well known and ancient pigment is & sub-
acetate of copper, represented by the formula
(CuO), C,HgOy 6 H;O. As a pigment it does not
possess many advantages over those last named, being
equally sensitive to the action of foul gases and pro-
longed exposure to damp air. Itis obtained by spread-
ing copper clippings into a layer in a shallow vessel,
and pouring over them a solution of acetate of copper,
obtained by the action of vinegar on copper clippings
or filings, and then covering with the skins of grapes
undergoing acetous fermentation. Formerly much
used, but now seldom; it has lost its reputation as
a bright green, owing to its instability to light and
moist air. It is not employed in fine painting.

Scheele’s Green,

also known in commerce under the names of Swedish
green, Vienna green, Kirchberger green, and Mitis
green, is an arsenite of copper, obtained by mixing
solutions of cuprous sulphate (blue-stone) and arsenite
of potash, and washing the brilliant dark-green pre-
cipitate that forms. Owing to its highly poisonous
nature, it is now seldom employed, as it possesses
no material advantages over other equally cheap non-
arsenical greens.

Under the names mineral green, Paul Veronese
green, English green, Neuwied green, there occur in
the market pigments which, on analysis, turn out to
be nothing else than mixtures of Scheecle’s green with
sulphate of lime.

Schweinfurt or Emerald Green—also known in the
market under the names of Mitis green and Imperial
green, and, as if to confuse artists as much as'possible,
often designated Vienna green and Brunswick green—
is an aceto-arsenite of copper. Itis most conveniently
prepared in the following manner :(—l 1b. white
arsenic (As;O;) is boiled in a solution of 22} oz
pearlash in 1 gallon of water until dissolved. This
is then gradually mixed with a hot solution of 1 1b. of
sulphate of copper in as little water as required to
dissolve it. The mixture is well stirred, and kept
near the boiling temperature for some time, and is
then filtered, and acetic acid added until it agsumes
a bright-green colour; a slight excess of acetic acid
is then added, and the mixture is boiled, washed by
decantation and filtered, and is ready for use.

Having now described the common and well-known
copper greens, it remains for us to glance at other
green compounds of copper which have been proposed
as pigments, but which possess no material advantages
over those already given.

Copper Borate is a compound of a yellow-green colour
of moderato permanence. It is prepared by precipi-
tating sulphate of copper with borax, washing, drying
and carefully igniting, levigating, drying and grinding
for use. It is deficient in body.
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THE BUILDING AND THE MACHINE
DRAUGHTSMAN.

CHAPTER XXII.

PrOCEEDING with our description of the methods of
obtaining the positions of “lines of heights” on the
plan of the building to be put into perspective, a8 in
fig. 1, Plate VIII., we have to state that similarly for
the side elevation, one line of heights will be required
for the elevation on the line ¢, and another for the
recessed portion. Prolong the line B ¢ until it inter-
sects the line B H: the point of intersection will give
the position of the line of heights for the elevation on
the line B ¢; by prolonging the lines N N, b ¢, until
they intersect the line m H, the positions of the
respective height lines will be obtained. In fig. 2,
Plate VIII., the positions of the lines of heights are
obtained by prolonging the lines Bc,J3'3, 0D, DE,
until they intersect the line m =,

When the architect or student is drawing the
plates shown in figs. 1 and 2, Plate VIIL, toi a
larger scale, or the plan and the diagram of the
“ gtation point,” * vanishing points,” and the positions
of the lines of heights of any building or object of
which a perspective is to be prepared, the following
pointe should be attended to, so as to avoid incon-
venience and loss of time. The distance between the
vanishing points should not be greater than the length
of the drawing board on which the drawing is
“ pinned " ; should the distance be so great that no
drawing board is available, then the drawing should
be pinned or better still damped and gummed round
its edges to a drawing desk, and the positions of the
distant vanishing points marked, so that they can
always be found when wanted ; a long baywood bevelled
straight-edge cut to the required length must also be
provided. The explanation of the technical terms given
above has been confined to the plan; we must now direct
the reader’s attention to the perspective proper, or
rather in the first instance to the sheet of paper on
which it is to be drawn, which may be represented by
A B C D, figs. 8 and 4, and thus represents the
¢« picture planes” or line m m, figs. 1 and 2, Plate
VIII. Two lines must in the first instance be
drawn, extending from right to left and parallel to
each other: the * horizontal line” and the “ ground
line.” First draw the ¢ ground line” E ¥ in such a
_position that the perspective will occupy the centre of
the sheet with equal margins above and below. The
centre line, ¢ 6, of the sheet should then be faintly
drawn ; mark off on the line ¢ @ the height of the
“horizontal line” above the “ground line ” to the
same scale to which the plan, figs. 1 and 2, are drawn.
Presuming that the perspective is intended to repre-
sent the appearance which the building will have to

an individual standing at the point a, figs. 1 and 2,
Plate VIIL., then the height of the horizontal line above
the ground line will be, say, 15 ft. 6 in.; if the view
were taken from an elevated position, as for instance
the window or roof of a neighbouring building, then
the height to be scaled off would be 20, 30, or 40 ft.,
as the case might be. Suppose the required height
has been marked off at the point x, then draw the line
R H through the point x parallel to thelinex r; m ®
will be the  horizontal line.” The various points on
the line u m, fig. 1, Plate VIII., must now be trans-
ferred to the line H H, fig. 3, Plate VIII. First take
the line s s from fig. 1, which represents the length
of the intended perspective, and mark it off on the
horizontal line, so that the centre line ¢ @ bisects
it; let the points 3’ 3" represent the length of the
proposed perspective. Next carefully measure off all
the various vanishing points and lines of height on
the picture plane m =, fig. 1, and transfer them to-
the horizontal line on fig. 3. This is easily and
accurately done by means of a long strip of paper; in
order to avoid confusion, mark each point respectively,
v p vanishing point, and B L height line. Through
the points marked m, L, draw lines at right angles
to the ¢ horizontal lines,”—these are the ¢ lines of
height.”

On fig. 3 the height lines and vanishing points
shown on fig. 1 are drawn, and on fig. 4 the height.
lines and vanishing points shown on fig. 2.

The general arrangement of these diagrams must be-
applied to every perspective, whether an exterior, an
interior, or & bird’s-eye view,—and equally so if the
perspective is to represent the simplest and smallest
cottage, or the largest mansion or cathedral ; it is
absolutely necessary, therefore, that these introductory
remarks should be thoroughly understood before the
reader proceed- to the next portion of the paper.

In figs. 1 and 2, Plate VIIL, the plans have
been drawn parallel to the sides of the plate, the
lines of the picture plane diagonally across it, and
the plan diagrams and elevation diagrams have
been kept separate; in practical perspective it is
generally found simpler to reverse this arrangement.
of the plans, and to draw the diagram of the elevation
below that of the plan, if a sheet of drawing paper
of suitable size can be obtained. This arrangement.
is shown on Plate XV., which simply consists of the
diagrams shown on Plate VIII. arranged as they would
be by the practical perspective draughtsman.

Having in the preceding chapter detailed the
general principles of applied perspective, we shall now
proceed with a practical example of perspective, and
explain step by step the process of preparing a per-
spective view of the villa illustrated on Plate LXX.
by front and side elevations and ground and first
figer plans. The two principal elevations are, of
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course, those containing the windows of the entertain-
ing rooms and the main entrance; a point of sight, ,
must therefore be selected from which they can both
be seen. A diagram, Plate XLVII., must then be
prepared on a suitable sheet of drawing paper, care-
fully pinned on a substantial drawing board, similar
to the diagrams shown on Plate XV, Commence by
placing the point of sight, A, on the paper, and firmly
fix an ordinary pin in an upright position at the
point. Through the point of sight draw a vertical
line, A p, with a T-square from the top to the bottom
of the drawing paper; two lines, A B, A ¢, must then
be drawn, meeting at the point of sight, enclosing an
angle of sixty degrees, which must be bisected by
the vertical line just drawn. These lines, A B, A 0,
will enclose the extreme points of the plan of the
villa. The line of the picture plane must be drawn
at right angles to the vertical line A p, in the posi-
tion shown ‘on Plate XLVIIL, in order that the
perspective may be equal to the length E E, the points
at which the picture plane crosses the lines A B, A c.
The mnext step is to place the ground plan in the
position shown on the plate, so that its extreme points
will fall within thelines A B, A 0. This is easily done
by having an outline of the plan drawn on a small,
separate sheet of tracing paper, which can be moved
about until the desired position is obtained, when it
must be firmly pinned down. The position relected
is one (as already stated) that presents the entrance
elevation and what may be appropriately called the
garden elevatior to the point of sight A, and rather
more of the entrance front than of the other. The point
of sight A is placed as far from the nearest point of
the plan as the size of the plate will allow; a distance
equal to the length of the two elevations would give
& better perspective. The reader will of course know,
from what has been already stated, that only two
vanishing points are necessary in this instance ; theix
position on the plan, Plate XLVII,, is obtained by
drawing the lines A ¥, A @, from the point of sight a,
parallel to the sides of the outline plan intersecting
the line of the picture plane at the points ¥ and .
Similarly the position of the lines of heights on the
plan diagram, Plate XLVII.,, are obtained in accord-
ance with the rule given above by prolonging the
several frontages of the plan until they intersect the
line of the picture plane. A short study of the front
and garden elevations and of the plans on Plate LXX,
will no doubt enable the reader to decide for himself
how many height lines are required. For the front
elevation one will be necessary for the gable on the
left-hand side of the tower containing the drawing-
room and bedroom No. 2 windows; this line of
frontage is therefore prolonged until it intersects the
picture plane at 1 L.

A second height line for the front of the tower and of

the dining-room gable, which are in the same plane, and
another for the centre of the tower roof, will be required.
The garden elevation will require height lines for the
main wall, the front of the bay windows, the slight
projections on the first floor, and the ridge of the
main roof ; these lines are therefore prolonged as well,
as shown on the outline plane, until they intersect the
picture plane. In order that the height lines may be
readily distinguished they are drawn thus —,——.—,
and the lines associated with the vanishing points
thus — — — —, on Plate XLVII. The preliminary
work of the plan diagram is now complete. Near
the bottom of the same sheet of drawing paper draw
the ground line (Plate XLVIIL.), and five feet six
inches above it the horizontal line, using, of course,
the same scale as that to which the plans and eleva-
tions on Plate LXX. are drawn. Fix the positions
of the vanishing points on the horizontal line by
drawing the vertical lines F v, 6 v, from the points
F and @ on the picture plane down to and intersecting
the horizontal line. It is usual and convenient to fix
ordinary pins into the drawing board at the points
v, v/, and A, and to keep them in position until the
perspective drawing is completed, to facilitate the
drawing of all lines converging to those points. Draw
the vertical height lines H', 2, 13, H' and ®* from the
intersections on the picture plane to the ground line;
these are the height lines. Everything is now ready
for the commencement of the perspective. The main
vertical lines of the elevation must be drawn first—
namely, the corners m, »', ¥’, Plate XLVIL. ; draw
lines from these points to the point of sight a, and
from the points at which they intersect the picture
plane draw vertical lines to the ground line below.
Draw similar lines from the projecting corners of the
tower, and from the points N N to A, intersecting the
picture plane, and vertical lines to the ground line
from these intersectionts. All the muin vertical lines
of the elevation have thus been drawn. The main
horizontal lines must be put into perspective next,
including the ground line, the plinth, the ground and
first floor window sills, the string course, and parapet.
Mark off from the elevation all these heights on the
height lines, measuring from the ground line upwards.
Commence with the portion of the front elevation on
the left-bhand side of the tower; from the various
heights marked off on the height line u? draw lines
towards the vanishing point v'; the horizontal lines of
the front of the tower and of the gable on the right-
hand side of the tower must be drawn in the same
way, but of course from the height line m'. A por-
tion’ of the elevations of the tower and of the gable
on the right-hand side of it, parallel to the garden
elevation, will appear in the perspective p and »'.
Plate XLVII. Special height lines will not be
required for them in this case, as the horizontal lines
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can be drawn from the vanishing point v so as to
mitre with those already drawn.

All the main vertical and horizontal lines of the
front elevation have now been put into perspective,
The garden elevation must be taken next. The
vertical lines of the bay windows will be required,
Connect the points R, R, R, R/, to A by straight lines,
and from the points where they intersect the picture
plane draw vertical lines to the ground line; the
heights for the front of the bay windows must be
marked off on the height line u4, and the horizontal
lines drawn from this height line to the vanishing
point v. From the corners B, B/, of the bay windows

draw horizontal lines to the vanishing point v’ for the -

return ends, mitring with those already drawn. The
student will now perceive that in every case in which
horizontal lines of two adjacent elevations mitre with
each other one height line can be dispensed with : thus
no height line will be required for the elevation of R M,
Plate XLVII. Asall the horizontal lines mitre with
those of the front elevation, and as they have already
been drawn, it is only necessary to connect them where
they intersect the line k kx with the vanishing point v.
To put the gables into perspective the centre lines are
required; mark their position on the outline plan.
Plate XLVII,, at s,8,8,8; draw straight lines, as before,
from s, s, 8, 8, to the point a, and from the intersections
on the picture plane draw the vertical lines to the
ground line ; mark off the height of the apex of each
gable on the respective height line; for tho gables of
the front elevation connect the points on the height
lines with vanishing point v’ by straight lines, and the
points at which they intersect the centre lines just
drawn will be the apex of each gable; for the gables
of the garden elevation use the other vanishing point.
Repeat this operation for the bottom or foot of the
gables, and then connect the bottom with apex. The
main outline of the perspective is mow completed,
consisting of all the longer vertical and horizontal
lines and the gables. In order to put the roof into
perspective the roof ridges must be drawn on the
outline plan, as shown on Plate XLVII., and must be
prolonged so as to intersect the picture plane in order
to obtain the position of the height lines; draw the
vertical height lines, and mark off the heights of the
respective ridges; draw those parallel to the garden
elevation down to the vanishing point v, and those
parallel with the front elevation to the vanishing
point v'. The roof over the tower is put into per-
spective in the same manner; draw the hips on the
plan as shown at T, Plate XLVII. Join the apex with
the point of sight A by a straight line ; at the point at
which it intersects the picture plane draw a vertical
line to the ground line,—a height line will of course be

required ; from the apex B draw a line parallel to either
of the two elevations, for instance to thé front elevation,
as shown, until it intersects the picture plane; from the
point of intersection draw the height line B, mark off
on it the height of the apex of the tower roof ; join
to the point with the vanishing point v’ by a straight
line, and the point at which it intersects the centre
line of the tower roof just drawn will be its apex z.
If the height line for the tower roof bad been drawn
on the plan parallel with the garden elevation, instead
of the front elevation, then the vanishing point v
would have had to be used instead of the vanishing
point V',

If the reader has, in addition to following the
above description on the plates referred to, also pre-
pared a drawing —which should, of course, be to a scale
of eight or four feet to an inch—he will now have
completed all the main portions of his perspective, and
will be ready to proceed to the minor architectural
features—namely, the window openings, heads, quoins,
front door, steps, and chimneys. The principle of
drawing these details in perspective does not in any
way vary from that used for the other portions of the
elevations ; in each case the same simple rules must ke
repeated, and when these are thoroughly understood
the process of preparing a perspective becomes merely
a question of perseverance and patience.

In the above description of preparing a perspective
drawing it has been stated that the various points on
the plan (Plate XLVIL) must be connected with the
point of sight A by a straight line, in order to obtain
the intersection on the picture plane. In practice it
is not necessary to draw the line; the two points (the
one on the plan, for instance, ¥—w! or M2 and the
point of sight ), are carefully joined by a set square
or straight-edge, and merely a ¢ tick ” made where the
imaginary line intersects the picture plane. In the
same way it is not necessary to draw long vertical lines
from the picture plane to the ground line,—merely a
line of approximately the length required ; by placing
the set-square carefully against the “tick” on the
picture plane, this can easily be done. The lines con-
verging to the vanishing point should also only be
drawn of the length absolutely required. If these
directions were not adhered to, the drawing would
soon become a mere confused mass of lines, which
would cause endless trouble and loss of time.

Proceeding now to the details of the perspective on
Plate XLVII., we commence with the windows. There
are three tiers: the ground floor, first floor, and those in
the gables and in the tower; they consist of the actual
openings, the mullions, stone quoins and window heads,
which must all be drawn on the outline plan, as on
the Plate.
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THE IRON MAKER.

Tue DETAILS OF HIS WORK AND THE PRINCIPLES OF IT8
PROCESSES,

OHAPTER XI.
AT the end of last chapter we opened up the subject
of the practical management of the blast furnace, by
showing the importance of having the furnace quite
dry before beginning to fire it up. To insure this in
the Cleveland district, which we selected as an example,
huge masses of firewood are deposited in the furnace,
to the weight of a ton oraton and a half. Then about
five or six tons of coke is laid on the top of the wood.
Upon the layer of coke is now laid a sufficient charge
of coal, coke, flux, and a small proportion of ore, filling
the furnace up to about one-third of its height, after
which the firewood at the bottom is fired. As the
flame ascends to the top layer of materials, additional
supplies of fuel, ore and flux are thrown in—at first
slowly, and then in increasing quantity. In this,
however, some care is necessary ; as, if a fresh supply
of fuel is added before the previous supply is burned
red, there is a tendency to an accumulation of inflam-
mable gases,—this, indeed, sometimes happens to such
an extent as to occasion an explosion. As the fuel is
consumed, the resulting ashes and refuse are removed
at the fore-part of the ‘“stack.” The water tubes con-
nected with the tuyéres are provided with the requisite
water, and the tuyéres properly adjusted. A light
blast is now driven into the furnace, and more
materinls are added. The accumulated ashes are
removed, stoppings placed in the tapping hole and
beneath the tymp, the bars and brickwork removed,
the dam-stone bedded. So soon as the cinder falls
upon the learth the blast is increased, and so is
the burden of fuel, flux, and ore. The cinder flows
in a fluid state to the bottom of the furnace; the
melted iron falls to the hearth; the cinder ascends,
flows through the “cinder notch” in the dam-stone
down the ¢ fald.” At first it will be noticed that the
resulting cinder is coloured green or brownish, but
as the process is continued the cinder is of a light
blue colour. Several hours afterwards the furnace is
slightly tapped ; but even in small furnacestheblowing-
in takes a few days, until the furnace is filled com-
pletely, and after this has been attained full charge
and blast may without danger be admitted. It is not
unusual to add a quantity of blast-furnace cinder
just when the “stack” is filled with hot fuel to
about half its height, and continue adding a small
proportion with the other materials until the stack is
two-thirds full. The object of this is so to heat the
surfaces of the ¢ hearth ” before the metal is melted
a8 that the fluid iron shall not come in contact with
the cold hearth, and so stick, occasioning some annoy-
ance. At the fore-part there is an iron grating

situated about two feet above the bottom of the
hearth. This arrangement is for the removal of
ashes, When a sufficient quantity of melted iron
has collected—i.e. when the surface of the metal has
become too great to be completely covered by the
siliceous coating of impurities, and so tends to over-
flow, the cinder overflowing into the cinder notch—
the tapping hole is unstopped and the metal run into
casts on the floor of the casting house formed in sand.
The mould or cast into which the metal flows consists
of one large principal channel from which minor side-
branches radiate. The main runner is designated the
“sow,” while the smaller channels are the ¢ pigs.”
When the metal is withdrawn, it is accompanied by
a small quantity of cinder, to get rid of which the
blast is continued until the * keeper ” or furnaceman
removes all ashes and renews the tymp and tapping
stoppings. The blast and entire action of the furnace
now goes on, and repeats what we have seen to be its
operations. An important point to be attended to,
before the blast engine is stopped for the operation
of moulding, is to remove, and not replace until after
the casting is over and the blast set in motion, the
sight-hole stoppers in the tuyéres. Should this pre.
caution not be taken, there is great danger of a
destructive explosion. This would arise from the gas
entering the blast pipes from the stack, unless air wero
admitted at the plug-holes in the tuyéres. When the
tuyére sight-holes are re-stopped, the nozzles should
be looked to, to see that they are not in any way
clogged, thus preventing the free entrance of the
blast. Another point to be attended to is to see,
in the technical language of the trade, that the
¢ tweers are bright "—that is, the fuel burning vividly.
The Struotures and Appliances used in the Manufacture of
Pig-Cast-Iron.—The *“ Plant ” of the Trade.

As already incidentally referred to, the blast furnace,
although of comparatively large diameter, is charac-
terised chiefly by its height. Formerly this height
was relatively low—furnaces of forty and sixty feet
in height being the rule. But the tendency of
modern iron making has for long been in the direction
of increasing the height, and with the height the
diameter, until a cubical capacity has been reached
far beyond what the old iron masters ever dreamed
of. The gradual increase of cubical capacity may be
learned from a statement of a well-known works—at.
which the furnaces erected about thirty years ago had
a capacity of 5,079 cubic feet, those erected twenty
years ago a capacity more than threefold, or 16,000-
cubic feet, those erected twelve years ago a sixfold

- capaoity, or 30,000 cubic feet. And although this may

be taken as the general limit of increase, furnaces of
even greater capacity than this have been since
erected. From a height of forty to sixty feet, fur-
naces are now c¢ommon, especially in the Cleveland
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district, of a height of seventy, and in some cases
exceeding even a hundred feet. Taking, however, &
height of seventy feet as common enough now-a-days,
even in districts other than the Cleveland, the reader
will perceive that to raise the materials of the charge
to this altitude may in some instances of locality
involve appliances more or less complicated and costly.
This position, and such considerations as flow from:
it, we shall illustrate in the few following sentences,
and by aid of simple diagrams. In order to a due
understanding of what is thus to follow, let us glance
at the general arrangements of the buildings and
appliances of a first-class blast furnace or iron works.
From what we have above said, the reader will under-
stand that the arrangements of the various structures
and the character or nature of these, as well as of
the mechanical appliances by which their work is
aided, will vary not only according to the circum-
stances of locality, but according to the views enter-
tained by the iron master and his engineer as to the
kind of plant best calculated for the peculiar circum-
stances of the case. In view of this, while endeavour-
ing to convey to the reader a fair conception of the
general characteristics of *iron works,” we have to
give what may be called representative plans or views,
the different parts of which constituting the whole as
given, may not all be met with in any one particular
works ; and in which, although the character of the
work to be done at the various structures is the same
in all classes of iron works, the appliances by which that
work is done may, and do in practice, vary according
to clrcumstances, and the views entertained by the
engineers in respect of the utility and economy in
working of different forms of mechanism. But as the
greater includes the less, we select for illustration
a first-class iron works, in which are found all the
structures and appliances necessary to work them.

The General Arrangement of the Furnaces, etc., eto., of
Large Iron Works.

The general position of the various structures and
appliances will be understood by an examination of
fig. 2, Plate CLXVIL. In this,which is a diagrammatic
plan of the iron works, a, @, a, a, represent the calcining
kilns or stoves in which the ironstone (ore) and the
limestone (flux) are calcined or burnt. This operation
is not, as we have elsewhere explained, always carried
out; it may be applied to both materials, or only to
one of them, as for example the ore,—or both iron ore
and flux may be used in the raw or natural condi-
tion. For the purpose we have in view, however, we
assume that calcining is carried out. The calcining
stoves or kilns being “fed” or supplied with their
materials at their upper part, and their height being
considerable—say some thirty-five feet or so—the
materials to be calcined must be lifted up to the
“feed " level. 1In somelocalities the level of the place

at which the materials are delivered to the works is
so favourably selected that the trucks containing
them can be run on by the force of gravity down a
gentle incline, or pushed or dragged on with compara-
tively little expenditure of force. We here assume,
however, that the site of the iron-works is throughout
on a level or nearly so with that of the surrounding
locality or neighbourbood,—in which case, therefore,
the structures raised on the site for the purposes of
the iron works will, while they vary in beight, be all
at a considerable elevation above the ground level
or general surface of the site. This, therefore,
necessitates mechanical arrangements by which the
materials to be calcined are lifted up from the general
level of site, which in fig. 1, Plate CLVI.—which
is & diagrammatic elevation—we assume to be the
line 1 2, up to that of the feeding mouths of the
calcining kilns or stoves. This lifting is performed
by means of a “hoist "—the position of which is
shown at b in fig. 2, Plate CLXVII. and fig. 1,
Plate CLVI., the amount of “lift” of the hoist
being, say forty feet. This lift raises the materials
to the level of “rails” which run along, and are
supported by the timbers of a scaffolding technically
termed a * gantry,” marked ¢ cin fig. 2, Plate CLXVII.
and fig. 1, Plate CLVI. This gantry commands the
whole range of calcining kilns or stoves, a, a, ¢, a—the
trucks,one of which is shown at 3 in fig. 1, Plate CLVL,,
running along the gantry. Those trucks weigh some
14 to 17 tons, and are lifted bodily up in an appro-
priate stage by the hoist from the ground level 1 2,
fig. 1, Plate CLVI1., to that of the gantry at ¢ ¢ c.
Each truck is provided with a bottom which can be
opened and closed at will by the workman; and as
each one is lifted up by the hoist and descends by
the force of gravity from the lifting cage of the hoist
on to the rails of the gantry cc ¢, it is dragged or
pushed forward till it is placed over the feed mouth
of the calcining stove, when, the bottom being opened,
its contents are delivered. On being emptied of its
load, the truck is taken forward to the end of the
gantry ¢ ¢, opposite to that (bin fig. 2, Plate CLXVII.
and fig. 1, Plate CLVL.) at which it was delivered ;
and at this point arrives at what is called the
‘“drop,” marked in position at d d. This “drop”
is, like the “ hoist ” b, provided with a “cage.” The
empty truck moves on to this, and by means of
the mechanism of the “drop” the cage is lowered
to the ground level, fig. 1, Plate CLVI., and passed
on to the rails, and by a “siding ” taken out of the
“works.” A constant succession of full and empty
trucks is thus dealt with as materials arrive on the
ground for use—the full trucks being lifted by the
hoist b, the contents delivered to the calcining stoves
a, a, passed along the gantry ¢ ¢ to the “drop” d, and
by,it delivered again to the original level. Calcining
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may ve confined only to the ore or ironstone, or it
may be carried out in both the ore and the flux (lime-
stone). And in this latter case a separate caleining
stove is allotted to each material—one stove being
used to calcine the ore, the other the limestone. The
ore and the limestone may be both calcined in one
stove, the materials being tipped in as they are
brought up to it. In all cases small coal is mixed
with the material or materials to be calcined, this
being brought forward also in trucks hoisted by the
lift or hoist 5, and taken down to the working
level by the “ drop” d. But in well arranged works,
in order to avoid the contingency of loss of time
arising from a short supply of coal used for calcining
—i.¢., to promote and keep up the necessary combus-
tion—a supply is kept in & “ bunker” placed near the
hoist or lift b. The delivery shoot of this coal ¢ bunker”
is placed so high above the rails of the gantry ¢ ¢ that
a truck can be passed underneath, and this, when filled
with the coal from the beaker, is passed into the cal-
cining stoves as desired. The coke used in the blast
furnaces, forming even for a single day’s supply a large
bulk of material, if this were allowed to lie loosely
on the ground level ready to be supplied to the blast
furnaces, would form an element of considerable dis-
order in the works. To avoid this, and to facilitate
by due order the economical working of the blast
furnaces, huge bunkers capable of holding some two
hundred and fifty tons of coke are erected in connec-
tion with the gantry c¢cec. These are supplied by
trucks, which also, like those containing the materials
for the calcining stoves, are lifted from the general or
ground level of the works by means of the hoist b,
figs. 2, Plate CLXVIL and 1, Plate CLVL, to the
level of the gantry, and taken to the delivery mouth
of the bunkers and tipped in.

‘Working Plant of the Cast Iron Manufacture,.—Delivery of

the Charge in the Blast Furnaoes.

‘We now come to the points connected with the
delivery of materials or the “charge” of the blast
furnaces, First as to the ironstone or ore, which in
our case we presume has been calcined in the kilns
or stoves a, a, fig. 1, Plate CLVI. Those kilns are
cylindrical at the upper part, as shown in the diagram,
some twenty-six feet in diameter, and have a capacity
of nearly sixteen thousand cubic feet. The lower part
is in the form of an inverted cone, this shape allowing
the calcined materials to descend gradually, and to
be easily removed. This lower part is provided with
openings all round its lower extremity, through which
the calcined materials are withdrawn—if those be a
mixture, a8 at some iron works, of ore and flux, or
simply, as at other works, of ore only. The calcined
ore is placed in barrows, and these are wheeled at
once to the ‘“cage” or lifting stage of the blast
furnace hoist or lift. The position of this in relation

VOL, IV.

to the pair of blast furnaces which it equally supplies
with materials is shown in the general plan in fig. 2,
Plate OLXVIL, at 4 4, being placed centrally between
the two blast furnaces A &. The arrangement in
elevation is shown in fig. 3, Plate CLXVII., cor-
respondingly lettered. The height of the platform
at the working mouths or throats of the furnaces
from the level of the ground varies, of course, with
the height of the furnaces. Those, as we have already
said, are constructed of a much greater height than
that practised but a few years ago comparatively.
There are many blast furnace lifts or hoists nearly
a hundred feet in height. In one which has a
lift of 92 feet, the load of materials, averaging about
two tons, is taken up in the space of a minute;
and allowing for time in loading and unloading
the cages or lifting stages, the weight lifted per
hour is 120 tons. The hoist is provided with two
cages, one of which is descending with the empty
barrows, the other ascending with the full ones. As
each barrow is taken, with its load of calcined ore
or material, from the calcining kilns or stoves, it is
wheeled over a small weighing machine, by which
the net weight of the material is ascertained, so that
the weight of material delivered to the blast furnace
within a given period is thus known. On the arrival
of the cage or stage of the hoist at the top of the lift
or level of working platform of the furnaces, the
loaded barrows are at once wheeled to the platform
and to the delivery mouth of the furnaces at the
throat, The coke or fuel forming the other part
of the “charge” or “burdean” of the blast furnace is
lifted also to the platform by means of the hoist, the
coke being taken from the bunkers at the low level,
and wheeled in barrows to the cage of the hoist.

Working Plant of the Cast Iron Manufacture.—Working of
the Blast Furnace— Hot Blast Furnaces.

In pointing out what yet remains to be described
of the working plant of an iron works, we shall have
occasion to refer to the illustrations in figs. 2 and 3,
Plate CLXVIL., and fig. 1, Plate CLVL,, already giver.
The blast furnace having been provided with the
necessary materials constituting the charge, and by
means of the structures and mechanical appliances
described in last chapter and the process of combus-
tion within the furnace being here supposed to be in
full operation, we now glance at the means by which
that combustion is maintained at the degree of inten-
gity or of temperature which in a former chapter we

saw to be essential to the process of “reduction” or

“gmelting” of the ore, Reverting to the diagram
in fig. 2, Plate CLXVII., the reader will find the
position of the appliances required to maintain the
combustion in the furnace, or what may be called
the ¢ blast-plant,” there marked.

2
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THE ROAD MAKEB.

His Work IN THE LAYING oUT or RoADS IN RURAL,
SUBURBAN AND TOWN DISTRICTS, THEIR CONSTRUCTION,
REPAIR, AND IN THE CHOICE AND USE OF THE VARIOUS
MATERIALS EMPLOYED.

CHAPTER X.
AT end of last chapter we intimated, in connection
with fig. 23, there given, that the bottom of the
ditch might be filled up to a certain line with
stones, or in place of this the bottom hollow, as
at a, might be made a flat stone-lined drain, as
S g k; the bottom stone, as ¢, being well im-
bedded in a clay puddling bed, j j, and the ends
especially being turned for some distance into the
puddling. Fig. 24 illustrates another modification,
simpler still, in which the watercourse or ditch
bede is provided simply with a trench stone-filled
(see the papers entitled *The Land Drainer ”). And
where the sides of the ditch have got scraped out
unevenly, forming a species of flat table surfaces
or shelves on which the water lodges, they may

be sloped gradually down to the drain f, as at &
and g.
Exoavations and Embankment Work required in Road
Construction.

Having considered the leading points connected
with the construction of roads under general or
ordinary circamstances—that is, on localities in which,
the land being on the whole level, no special works
involving expensive construction are required—we
now pass on to points connected with another and
a more difficult class of roads to construct. In this
class, the contour or surface of the country or district
through which the road is to be carried varying very
much—presenting here hollows and there rising
ground — cuttings and embankments are required
according to circumstances.

The remarks in the preceding chapters apply only
to roads made upon the natural surface of the soil, or
with only such an extent of earthwork in their con-
struction as to bring the surface of the soil to its
proper form for receiving its covering of stone. It
may, however, be necessary, in order to obtain con-

venient declivities in the direction of the length of a
road, that a considerable amount of earthwork be
performed in the removal of elevations and the filling
up of depressions in the ground over which a road is
to be made.

In a cutting, or where the soil is removed, its sides,
when not protected by walls, should have a slope of
somewhat less than the angle of equilibrium at which
the soil in which the cutting is made will stand.

This equilibrium or angle of the natural repose
varies in different soils, which are usually assumed
to be as follows :—

Finedrysand . . . . . 85 degrees
Gravel . P
Dry loose sbmgla . . . .8,
Dry common goil . . . . . 47,
Soil slightly damp . 6t
Soil of the strongest and most com[nct

nature . 65

The slope of the first three soils named above should
have a base of 3 to 2 of height, the fourth of not less
than { to 1, and the last two of not less than 7 to 8.
Rock will generally admit of a perpendicular face.
‘Whenever stones abound, a dry wall of a few feet in
height should be built at the toe of the slope of
cuttings, to prevent the soil from being washed into
the road. It will be necessary in all cuttings to have
covered drains at both top and bottom, and also down
the face of the slope, in a slanting or diagonal direc-
tion, to discharge into the drains along the road at
the bottom of the slope. Slopes, when finished, should
either be covered with turf or sown with grass seeds,
to protect the soil from disintegration by the action of
the atmosphere.

Embankments, or soil deposited to fill up depressions,
are much better and more solidly formed of successive
layers of soil, than by the more usual mode of tipping
at the end or sides. Although the former-mentioned
mode of forming an embankment is more expensive,
yet by it the embankment becomes consolidated, and
settles to its permanent form at once; whereas, by
the latter, time must be allowed for the embankmeut
to settle before the road can be completed wpon it.

It should here be remarked that the bulk in cutting
is rarely the same as the bulk in embankment ; and the.
following are the average proportions which the bulk
in cutting bears to bulk in embankment of the materials.
of which such works are formed :—

Rock . . 2in, cutting will make 3 in. embankment,
Clay 11, ” 10 ,, ”
Gravel . .12 »” ” .3 ” ”
Dl‘y sand .1 ” ” 1 ” ”

Chalk . .15,
‘When an embankment is formed its slopes should be
faced with turf or sown with grass seeds.

Having briefly noticed the topics of cuttings and
embankments, the preliminary survey which will be
necessary in cases where earthwork may be required
in thgponstruction of roads may now be described.
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The survey referred to should include such dimen-
sions to be taken as to enable a correct ground plan of
the site of the road to be made, and a profile of tho
surface of the ground along the middle or centre line
of the intended road to be prepared from levels being
taken at every chain’s length, and more frequently
where any marked or sudden change in the surface of
the ground occurs, Cross levels of the surface should
be taken at right angles to the centre line of the
intended rond at the same points at which the
longitudinal levels were taken, and each cross-level-
ling should extend to some distance on each side of
*the longitudinal line of levels. The dimensions for
the ground plan, and the heights taken by levelling
for the sections, should be carefully plotted to a
sufficiently large scale for correct measurements to
be taken from the drawings, as dimensions for required
calculations,

There are three distinct cases in which earthwork
in the construction of roads may occur: viz., First,
when the elevations and depressions of the ground
are in the direction of the length only of the intended
road, the ground being level in the direction of its
breadth ; Second, when the ground, besides undu-
lating in the direction of the length of the intended
road, has also a moderate declivity in the direction of
its breadth ; 7Third, when the side slope of ground
is steep. Of the above-named three cases in the
construction of roads in which earthwork may be
required, the first is that in which the top and bottom
of either a cutting or embankment will be parallel
and the slopes of the sides will be equal ; the only
difference between the two kinds of work being that
the top of a cutting corresponds to the bottom or base
of an embankment. The breadth of the bottom of a
cutting and the top of a continuing embankment are
always equal, and are called the breadth of the balance
line of the work. All the cross-sections, either of
cuttings or embankments, are trapezoids, which figure
is shown by the diagram (fig. 1, Plate CLXVIII).

Excavation and Embankment Work of Roads (continued),—
Caloulations,

“The perpendicular height and the breadth opposite
& given breadth of balance line of a cross section being
given, to find the breadth opposite the balance line for
any other section of a given perpendicular height.”—
Multiply the difference between the given breadth
and the bresdth of the balance line by the given
hufghc of the section for which the breadth is sought,
divide the product by the height of the section of
which the breadth opposite the balance line is given,
and the quotient will be the difference of the breadth
sought and that of the balance line, which added to
the breadth of the balance line, the sum will be the
Lroadth required,

Ezample.—~The breadth of the balance line of a
cutting is 24 feet, and the breadth of a section opposite
the balance line 30 feet for a height of 2 feet : required
the breadth opposite the balance for a height of 5 feet.

The difference between 30 and 24 is 6 feet, the
product of which multiplied by 5 is 30, and which
divided by 2 is 15, the difference between the breadth
sought and 24, The sum of 24 and 15 is 39 feet, the
breadth sought.

“To find the area of a trapezoid.”—Multiply half
the sum of the opposite and parallel sides by the
perpendicular height or distance between them, and
the produot will be the area required.

Example—Required the breadth of a trapezoid
of which the parallel and opposite sides are 39 and 24
and the perpendicular distance between them 5 feet.

The sum of 39 and 24 is 63, the half of which is
31-5, and the product of which multiplied by 3 is 157-5,
the area required.

“To find the cubic contents of a cutting or embank-
ment.”—Let each succeeding pair of sections be taken
—that is, the first and second, second and third,
third and fourth, and so on to the last; and in the
series of sections let the first and last be 0, as the
ends of a separate prismoid, the cubic contents of
which is to be computed as follows: viz., Multiply
the sum of the areas of a pair of sections added to
four times their half-sum by the distance between
them, and one-sixth of the product will be the cubic
contents of a prismoid between two succeeding sections;
and the sum of the cubic contents of all the prismoids,
into which the cutting or embankment has been
divided by the several cross sections, will be the cubic
contents of the whole cutting or embankment.

Earthwork in Road Making.

We now come to the second case of earthwork, or
that in which & road is to be made along the side of
a declivity of a moderate degree of steepness. This
differs from the case last treated of in the cross
section of the cuttings, and sometimes also of the
embankments, not being a trapezoid. In the present
case the section will not bave two opposite sides
parallel, as in the former case; nor will the sides of
the cutting require to have the same degree of slope
When, in sloping ground, the inclination of strata of
the soil is also somewhat in the same direction as the
side fall of the surface—which will generally be found
to be the case—the inclination of the strata will be to
the higher side and from the lower side of the cutting ;
the tendency then of the soil to fall will only be on
the higher side; and the slope, therefore, will be
required to be much greater for the higher than that
for the lower side. Fig. 2, Plate CLXVIII,, is a
diagram of a section of & cutting in the case now
under consideration,
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THE WORKMAN AS A TECHNICAL STUDENT.

How TO STUDY AND WHAT TO STUDY.

CHAPTER X.

IN continuation of the remarks made at conclusion of
last chapter on the value of a purely moral considera-
tion in relation to technical education, we have further
to point out that we have but to remember that in all the
lnbours of man, whether of the brain or of the hands
merely, or of both in combination (if indeed intellect can
be separated from the most direct of manual labour) we
have the peculiarities of human nature to deal with.
‘We cannot, if we would, get rid of them ; and if we
are wise we would not, if we could, put them aside.
They will and do assert themselves continually, and so
assert themselves, that in one man they lead him to a
complete and fatal failure, and not seldom, acting in
one case, they lead according as they have, or are
not allowed to have, sway : sometimes to the good, at
other times to the bad side of working life, that
“ chequered and diverse fabric,” which with its ¢ weft
and warp of many-coloured threads” we find it to be.
In all work, therefore, no matter what it be, we find we
have this important factor to deal with; and it comes
up for being dealt with, therefore, just as muchin the
work of technical study as in that of any other kind.
Some may elect to pay it no concern ; to let all their
peculiarities have full sway, to allow the pendulum to
swing to one side or to the other as it lists, without
any desire to put it under regulation. Such will find
their lot as students cast in anything but pleasant
and profitable places; and as they have sown the bad
seed of neglect, so they will reap the harvest of failure
and of loss. On the other hand, he who elects to
take note of his peculiarities, to study what of human
nature /e possesses, so that he will determine to con-
trol such attributes as are calculated to lead him astray,
and to cultivate with sedulous care all those capable
of directing him in the right way, may reasonably
hope to secure some measure of success in the good
work he sets himself to perform.

Different Mon differently Gifted—Geniuses v, Men but ordi-
narily Clever, but Steady of Habit—Encouragement to
the Latter found in Certain Faocts in Business Life.

All are not gifted alike. Some, indeed, are pro-
vided with such a slender stock, naturally, of what
are good helps to success, that it takes conduct of the
kighest kind to cultivate them to such an extent as
that they may be useful. Others, again, are so con-
stituted that it requires but comparatively little labour
on their part to acquire knowledge; or, in other
words, study to them is easy, for acquirement is rapid.

While there are those so profusely gifted by nature

that it seems as if no study at all was required to be

given them ; so naturally does acquirement of know-

ledge come to them that it seems as if they had, eo to
say, only to look at any subject in order to make it
their own. Such, who are so generously by nature
gifted, the world generally chooses to call and consider
geniuses. But it is no little to the comfort, as it adds
greatly to the encouragement of those students who
are not so naturally clever, to know that, while the
business world, the men who create trades and esta-
blish manufactures, and open up the many paths of
commerce, and give employment to countless thou-
sands, do not value the geniuses of society at the
popular, certainly not at their own estimate, they
may be ready enough, when challenged, to admit theic
ability ; they are, however, greatly disposed to doubt
that this will be applied to any really practically useful
purpose. It may be prejudice, but it is nevertheless
the fact, that business men do not, as a rule, care to
have much to do with those “extra clever young men"”
who may claim their notice and desire their employ-
ment. They are apt to look askance at him who has
the reputation of being a genius; for, somehow, they
have a shrewd suspicion that, being so, he is not very
likely to be a worker. For it is one of the peculiarities
of a genius that, being so very clever, having such a
facility to master any branch of knowledge he may desire
to acquire, to compass any kind of work he may wish
to do, he has only, as it were, to look at it, to be able
to acquire and to perform; but simply because he thinks
that he can do it at any time, the time to do it somehow
or another never does come. At least, not seldom is
it 50: so often, indeed, that business men have, for the
most part, decided that the real work of a genius is to
pass through life with a supreme confidence that he
can work whenever he has a mind, that he can do
great things if he but chooses; but that the misfor-
tune of the matter is that he never does choose to do,
never has the mind to work. Nor, in looking at the
records of past experience, indeed, .at the passing cir-
cumstances of the day, need we wonder much at this
opinion of the business world so unfavourable to the
claims of geniuses, There are but few social circles
of any extent in any class of society which have not
got at least one specimen of the genus ¢ genius” ; and
we may with some safety appeal to this experience
if it be not the case that the geniuses are certainly
not distinguished for their practical success in life.
Every one concedes their ability, to use the common
pkrase, “ to do anything they set their minds to,” but,
unfortunately, it so happens that they will not, at
least that they do not, set their minds to anything
practically calculated to advance their true interests

in life.
Far be it from us to decry genius: the world owes
much, very much to it; but then it is to genius
1 directed, soundly and carefully applied to the
ical purposes of life. To such is the term truly
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and only applicable.  Gifted in the highest degree,
they have given to them by Him who gives and directs
all things wisely and well the still greater gift of
steady application, of a determination that they at
least, whatever other geniuses may do, shall to the
best of their ability make these gifts valuable to
society. But, then, the true genius is the very last
to put forward the claim that he is a genius; the
world it is which makes it for him. It may be taken
as an axiom that true genius is ever humble. The
reader will remember the beautiful and well-known
illustration of this truth in the fact recorded of
perhaps the greatest genius which this or any other
country ever produced—S8ir Isaac Newton—who,
when being praised by some one as a great genius,
humbly, yet honestly and truly replied, in effect, that
after all he was but as a little child wandering by the
seashore, who picked up now and then a brighter shell,
a finer or larger pebblo than was his wont to do; but
that the great ocean of truth remained unexplored
before him. It is ever so; and it may be said with
almost absolute truth that the man—the true genius
—who knows the most, is ever ready to admit that
he does not know so much, knows only that he
knows so little. This was well illustrated (if some-
what paradoxieally) by the ancient author who said
that knowledge only taught us our ignorance,—
that the more we know the more we know that we
have to know more, Still more strikingly illustrated,
as we think, by a great man, a true genius of our
own times, who said that the further we increased
the dinmeter of the circle of our knowledge, we
only the more extended the circumference which
bounded the wide expanse of the unknown surround-
ing it. Perhaps the finest example of a mathematical
demonstration of a mental phenomenon to be met
with.

‘We have enlarged somewhat upon this point, which
may by some be considered as one having but a very
remote connection with the leading subject of the
present paragraphs. But if a proper consideration
of it does not convince those who so think of the
truth of the fact, perhaps others of our readers will
accept of our assurance of it, if indeed they do not at
once perceive it for themselves, that the point bears
most closely on our subject, and through it upon the
practical success of youth in the business of life. We
assert only the common-sense, the business view of the
position, when we ey that of the two classes of youth
about to begin the serious and sober labour of working

life, whether that be done by brain or hand or by both .

combined-—the one who is so highly gifted with natural
gifts as to be called, or to call himself, a genius, the
other possested only of very mediocre or humble abili-
ties, but who has disciplined himself into, or possesses

naturally, patient babits of plodding careful industry

—of these two, the vast majority of business men,

having employments or situations in their gift, will

prefer the latter. And we appeal with the greatest
possible confidence to the experience of those who
have lived long in the world, and mixed much with
its busy workers, if this be not the actual truth. We
have, of course, by the first-named of these two classes,
supposed that the youth belongs to the class popularly
known as that of the “genius,” he who possesses the
general attributes of that unfortunate class, We do
not include in this class the true genius, who possesses
the greatest gift of all: the determination to make
his abilities of use to himself and his fellow-men.

When one of this class appears upon the scene, he, of

course, carries everything before him.

But the youth of merely ordinary abilities need not,
as, indeed, if he be of the true manly stamp of mind,
he will not, grudge the success of the true genius. He
may indeed rest prétty well assured of this, that he
will not have many competitors of this class, however
numerous may be the pretenders to genius, or those
who themselves do not pretend to its possession, but
really have it, only they make no use of it; these he
need not fear. He, at least, will start in life with the
impression of business men we have just alluded to in
his favonr ; he will have the chance of progress in life
given to him, which business men will be a little
chary of giving to that somewhat eccentric and un-
trustworthy individual, the genius popularly so called
and understood. And in this fact lies, as we have
said, the greatest encouragement, if it be not a real
comfort to the youth possessed only of moderate
abilities, but who is determined, God willing and help-
ing, by steady application to make the best of them ;
who makes up his mind that they shall, when so made,
be not only useful to himself, but a trustworthy help
to those in whose service he may do his daily labour.
On this dual relation the reader may refer with some
advantage to what may be said in this work by the
author of the paper which considers the technical
workman in his daily work in the workshop, factory,
or business establishment.

Success in Study one of the Chief Elements of Success in
¢ Business Life."”—Entirely Dependent upon the Work of
the Student himself.

The reader who has gone thus far with us will per
ceive, therefore, the point up to which we have been
tending : namely, that the success in study, which is
the first great preliminary to success in business, and
one of the best means for securing it, depends chiefly
upon the student himself ; that it is not so much a
question as to what abilities he may or might possess
naturally, but how he makes what he does actually
possess of the greatest service.
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THE GRAZIER AND CATTLE BREEDER AND
FEEDER.

THE TECHNIOAL POINTS CONNECTED WITH THE VARIETIES OR
BREEDS 0¥ CATTLE—THEIR BREEDING, REARING, FEED-
ING, AND GENERAL MANAGEMENT FOR THE PRODUCTION
OF DUTCHERS' MEAT AND OF DAIRY PRODUCE.

CHAPTER XXI.

Quality of Feeding Stuffs for Cattle (continued).
At the conclusion of last chapter under the above
heading we pointed out the influence which prejudice
in favour of old-established practice has in deterring
some from introducing improved methods. And with
regard to the subject of pure water for stock, there
referred to, it may be with safety predicated of some
that if you were to tell them that dirty vessels out
of which to drink, or plates from which to eat, if
bad for ourselves, cannot be good for animals, the
assertion would at least be met by a smile, if not a
sneer,—the very idea of considering animals as subject
to the same laws of living as ourselves being new and
strange to them.

‘We have seen the influence which one part of food
has upon another, or on some substance more or less
or quite foreign, affecting its value as a whole, in
going to feed the animal, and to maintain it in good
health. We have seen also that certain substances
are considered from the chemical view of the question
as possessed of no value as nutrition, failing either to
support life or add to the production of fat or the
formation of flesh. Amongst these inert or useless
substances classed by the chemist as such is water.

Ve have endeavoured toshow that the water naturally
present in foods, and which is popularly called the sap
or juice, in place of being an inert or useless substance,
is a highly valuable one, playing an important part in
the animal economy, as being not only nutritive in
itself, but as influencing in a marked degree the value
of the other substances present in food, and which by
the chemist and the physiologist alike are considered
as nutritive. However much the view we have en-
deavoured to elucidate respecting the water, gap or
juice, naturally present in foods may be objected to
by some chemists, they will readily admit that water,
given in popular language as a drink to cattle, does
play a highly useful, indeed an essential part, in the
economy of cattle feeding.

Practical Value to the Cattle Feeder of Chemical Research
into the Value of Food.

From what has been now stated, towards the
conclusion of the preceding chapter, the reader will
perceive that there are many things which go far
to influence the theoretical value of food used for
the feeding of farm live stock. And we have not
yet noticed all those modifying influences: what we
have yet to give under this head will come more

appropriately when we are considering the points
which are more closely connected with the actunal
details of cattle management, in so far as the animals
themselves are immediately concerned. Although,
however, there are sundry influences, both in the
character and condition of the food substances them-
selves and in the physiological characteristics of the
animals which feed upon them, still the researches and
investigation of chemists, at whose head stands, as we
have seen, the eminent Liebig, the first expounder of
the ¢ chemistry of food,” have been so minute and so
complete, that not only are the individual constituents
of food known, but their percentage can be ascertained
with such absolute accuracy that the practical feeder
of stock has before him statements showing thedifferent
and varying constituents of different foods. And
by making allowances for such modifying influences
as we have already stated, and others we have yet
to describe, he can arrive at an estimate of the values
of different foods which, if not absolutely correct, will
be so far an approach to an approximative value as
to be of great service to him in deciding on the details
of his system of feeding.

The documents, so to say, on which the feeder bases
his practical estimates of the worth to him of the
various foods he uses or proposes to use, are the
analyses with which chemists have provided him in
such copious and complete numbers. All the staple
foods, as those grown by the farmers themselves, have
been again and again analysed, and so carefully that
all concerning them is now known ; and the snme may
be said of at least the best known of the artificial
cattle foods, which have been from time to time so
freely introduced for the benefit or assumed benefit
of the feeder ; and it is impossible to overestimate the
pecuniary advantages which he has obtained from the
researches and analyses of chemists in giving him
trustworthy evidence to enable him to decide whether
the benefit thus offered by makers of artificial foods
were truly so or only for the purposes of trade.

Circumstances affecting the two Leading Departments of

Cattle Feeding.

We now come to glance at some of the leading
principles connected with two important departments
of the practice of feeding which most closely affect
not only the present, but the future condition of
farming, as regards live stock. We have already
alluded to the peculiar circumstances under which
the business of farming, considered generally, has
been placed during the last few years. Circumstances
of so depressing, and withal of so powerful a cha~
racter, that it has led to a very wide, and in many
respects a somewhat too free, that is, a loose disous-
sion, as to whether the character of British farming
shoul@ be changed, and at once, and that so completely
thaéwhat has bitherto been an important branch,
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namely, arable culture, should wholly disappear, and
attention be given only to the department of live
stock. And this change is advocated, not merely on
the ground that it is one best suited for our climate,
which is not a wheat or cereal growing one, at least
of the first class, but because the change is the only
way in which British farmers can live—that is, meet
the competition which faces them from other countries
more favourably situated than we are. The points
involved are of such national interest that, in
addition to what we have incidentally said about
it in the course of the present series of papers, we
may perhaps find space, before concluding to go some-
what fully into its details. What reference is here
to be made to it is made simply because it leads up
to a practical point of the utmost importance in
the practice of live stock management, which does
not merely concern what would be the characteristics
of the changed condition of farming above alluded
to if the change in its style were universally or
generally adopted, but because it influences, and
that in the closest degree, the practice of live stock
management as carried on at present under the
system which has been so long in favour.
Grass Land against Land under Arable Culture.

In the discussion above alluded to the change pro-
posed to be made in the style of British farming, and
which it has been somewhat dogmatically asserted was
the only change which could save the British farmer
from practical extirpation as a class of industrial pro-
ducers, may be formulated in the phrase which has
been in every sense of the term very freely used by
the advocates of the change proposed. This phrase,
“ Grass Land against Land under Arable Culture,” is
a fair example of that class of popular phrases which
are taken hold of and bandied freely about as if they
comprised all that need be said on the subjects to
which they are appended, and as if the mere state-
ment of what may be called the Shibboleth of the
party decided, once and for all, the points at issue.
The writer of these lines has always maintained that
the discussion of the question involved in this pithy
phrase was evidently most keenly carried on by those
who had but little practical knowledge of all the points
involved. They, indeed, apparently held the notion
that there was only one point, and that all that was
required to be done in order to give prosperity to the
business of British farming was to get rid, as fast as
possible, of all arable land—that is, of ploughed or
cultivated fields—and replace them by grass land,

that is, pasture and meadow fields, but those chiefly

pasture. .

This notion or opinion, held by so many—we suspect
the great majority of the writers on the subject—
oompletely ignored the existence of facts which to the
farmer were very plain and important facts never-

theless. In the first place, such writers evidently
assumed that arable culture and the growing or cul-
ture of wheat were synonymous terms,—wheat, and
what are called “ bread-stuffs,” as Indian corn or
maize, being the chief elements by which foreign
competition flourished,—it being contended that the
British farmer need fear no competition in depart-
ments of farming with which live stock were con-
cerned. Do away with arable, replace it with grass
culture. But they forget—we should be more correct
if we said that many supporters of the new cry did
not know—that if the culture of wheat were wholly
done away with in Great Britain, arable culture, that
is, ploughed or cultivated fields, would still remain as
part, and a large part, of the care of the British
farmer. The very live stock which were to form the
means of his future livelihood demand the produce of
this arable culture, to say nothing of the demands
made upon it from other sources.
Grass Land Culture,

Again, many of the advocates of the new system
of exclusive grass-land farming did not seem to know,
or if knowing chose to forget, that points connected
with soil, locality and climate, practically precluded
land from being successfully laid down as grass land ;
and they failed to point out what then was to be
done with land which, in accordance with their pre-
determined principle, should mot be under arable
culture, yet could not profitably—in some cases not at
all, as grasses would not grow—be put under grass
culture. The various points, all of the utmost im-
portance in a practical point of view, will be noticed
hereafter in discussing—if space will permit us to
discuss—the general question here being considered.
But another point has yet to be noticed, and it is one
which closely concerns itself with our immediate subject
of the general management of fatting cattle and
dairy stock. The point which has been also wholly
overlooked by those who advocated an indiscriminate
or universal adoption of grass-land culture is this:
that grass, per se, is not the only food upon which
live stock are fed and reared ; further, that while it is
only one of many kinds of food used by the live-stock
farmer, it is not the best food—far, indeed, from being
the best. Further, that even giving it the highest
value as a food, this value is very fluctuating, and
this of necessity arising from the qualities of the
grasses, and not merely from bad farming, but also
from the fact that in certain soils and under cer-
tain climatic and local influences the farmer cannot
grow good, that is, nutritive grasses, however anxious
and able to do so. Further still, and granting that
the farmer possesses grass lands bearing the best and
the most nutritious of grasses, it does not follow—as
so many of the uncompromising advocates of the great
chango in the style of British fo~ming seem to decide
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that it does follow—that the only way of using those
grasses, that is, feeding live stock upon them, is to
allow the animals to pasture in the fields. This point,
and all the important practical considerations out-
coming from it, is the point which now demands
our attention. The most advanced farmers have for
long held the opinion that pasturing, or eating off
grass by allowing live stock to roam at will over the
fields which produce it, is the least advantageous of
all methods of using it ; and this opinion is extending
daily. As the question is concerned in the closest
manner with that of the general management of farm
live stock, and as its consideration brings up with
it that of a system or of other systems of feeding
stock which take its place, we now propose to go
somewhat fully into it.

The Pasturing System of Feeding Stock.—The Points involved

in the Question.—Defects.

One acknowledged defect of the commonly adopted
method of pasturing eattle or dairy cows is the large
percentage of loss incurred by it. The animals in
feeding off the pasture grass roam all over its surface,
and the mere treading of the grass by their feet, espe-
cially in very or long-continued wet weather, brings
about a large amount of loss. But this is not all.
‘Wherever the droppings of the animals fall—and they
generally cover a large space of ground—the grass is,
for the time being, killed. It is only after a consider-
able period, when the dung is decayed and broken up
by weather influences, that the grass grows again on
the same space. No doubt it may be said that the
very richness of the manure which the droppings give
to the soil causes such an increased growth of the
" grass around them that the weight of this heavy growth
will amply compensate for the loss sustained by the
grass not growing on the surface actually covered
by droppings. This would be true, only for the
unfortunate circumstance that the grass,— which is
specially the result of the rich manure—which grows
around the heap of droppings, is, while luxuriant
and heavy in growth, so rank and strong that the
animals will not eat it if they can get any other
grass not so produced. The same applies to the
grass which in time grows through the heap of
droppings. Those droppings being numerous in pro-
portion to the number of cattle pastured out in the
field, cause a loss of productive land which, taken
in the aggregate, amounts to a percentage of the
whole produce very serious in amount. The evils of
the “droppings” are attempted to be got rid of, in
well managed farms, by breaking up and scattering
their contents over the adjacent surfaces, thus giving
go far the benefit of a good manuring to a wider space
of grass land, But this breaking up of the droppings

can only be done after they have got so far dried up
and consolidated that they can be treated by the
fork or implement so that they can be spread over th:
ground in small lumps which form a good dressing
of manure. And while consolidation is thus going on,
the stoppage of the growth of grass below is going on.

But this is not the only loss incurred in the pasture
system of feeding stock. The liquid droppings of the
animals cause a further loss of feeding surface. No
matter how sweet and rich the grasses may be on any
given space of the pasture, when the liguid exuviwe
of the animal is passed over it, it will no longer look
at the grass as an edible ; nor need this be wondered
at. And on such spots so voided on, the grass for the
time fails in growth, and when this begins again, it ie
so luxuriant, yet rank, that the animals will not eat
of it, or do not eat readily or appetisingly of it;
and where there is no keen appetite, there is always
a loss in feeding them. Not only do the droppings
and voiding of the animals do harm to the pasture
grasses, but the value of the manure which those
droppings and voidings form is to a large extent
lost. The great object to be secured in manuring
pasture and grass lands is to spread the manures,
whether farmyard, artificial or compost manures, a8
uniformly as possible over the surface; and at such
a given rate or weight of manure to the acre as is
deemed requisite under the circumstances. Now, it
is obvious from what we have said that there is no
uniformity of deposit and no spreading of the manure
created by the animals as they are feeding on the
pasture grasses, There can, moreover, be no choice
as to the period of application of the manure, and
there is no one period better than another when the
full benefit of the manure applied is secured by
the succeeding crop. Taking all the circumstances
connected with the manure produced by the animals
in the pasture fields, it may, with some degree of
accuracy, be estimated that nearly if not quite one-
balf of its value is lost by the system of feeding stock.
What may be called the average irregularity with
which the manure is deposited by the animals on the
field is greatly aggravated in certain places, such as
in favourite shelter places under trees, and at or near
gates where the animals often congregate. Here
there is a large deposit of manure, which may be said
to be almost wholly lost so far as any good it does to
the pasture land. We see, then, from all these fact~
of practice, that the system of pasturing cattle is not
the most economical, indeed it is the most wasteful,
way of applying manure, and that this of necessity
involves a large waste of grass which under other
circumstances could be made directly available as food
by the animals,
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THE SANITARY ARCHITECT.
THE® PRINCIPLES AND PRACTIOE OF His WORK, IN HEALTHY
HOUSE ARRANGEMENT AND CONSTRUCTION.—TECHNICAL
POINTSOFSEWERAGEAND DRAINAGE, VENTILATION, ET0,

CHAPTER VIIIL

Ar the end of preceding chapter we pointed out that
it was necessary, in the case of the proprietor of house
property, that he should at least have the best advice
on the subject of house drainage. He also, however,
has to trust to the workmen that they have done
their work well ; and he can only judge of the facts
that they have or have not done it well by the
general circumstances attendant upon the opera-
tion of the system. Many details may, however,
have been so far scamped over that the system as a
whole may operate well for a time, but be so ineffi-
ciently carried out in regard to permanency that
before long faults will begin to show themselves.
After all, we are driven to place our reliance upon the
good faith and honesty of all the workmen engaged.

Two Btages or Periods in the History of the Art of House

Draining.

If spnce had permitted us to trace the history of
the art of house draining from the earliest times up
to those which approach and, indeed, in some respects,
form port of tho times we live in, we should have,
in 8o doing, met with much that was more or less
directly and incidentally practically useful and sug-
gestive, bearing closely upon the principles and practice
of what has now come to be considered as the art and
science of modern house or town drainage. But we
may suppose that we have done this, and have arrived
at a point in the practice of the art in which we find
that there are two eras or stages, each of which is
characterised by its own striking and peculiar feature.
The earliest stage or era of house and town drainage
was that in which all the channels for the conveying
away of the liquid refuse of houses from their im-
mediate neighbourhood te the place of final deposit—
which was always the nearest river or stream, or the
sea if the town was on its margin—were simply
ruts or gutters cut in the surface soil; and this
whether they were the main channels placed in the
streets or public ways, or the subsidiary or branch or
lateral channels leading from the houses to the main
channel. This stage or era of house drainage practice
may be designated the ¢ gutter,” or perhaps, as still
more distinctive, the * open or surface channel ” period
of the art. We might, if space had permitted, have
detailed the circumstances or probable circumstances

.which led of necessity to the dving away with the’

open or surface channels, and the substitution for
them of channels or drains which, however near the
surface they were placed, were still, being covered up
or built over, to be considered as underground or

subterranean liquid refuse or sewage courses or
channels or drains. This system constituted the second
stage or era in the progress of house drainage practice,
and may be designated, in contradistinction to the
first era above named, as the “closed or covered-in
channel ” system.

Charaoteristics of the Two Systems of Early House Drainage
as bearing upon the Modern System.

The reader will perceive, in glancing at the easily
remembered characteristics of each system, that in
the first or “ open or surface channel,” whatever
faults in other ways it possessed, it certainly had two
great advantages. No matter how made, whether
as simple ruts dug out of the surface soil, or formed
with greater constructive skill, with solid sides and
bottom, the channels—or gutters, to call them by
their best-known name—being open throughout their
whole length, could be cleaned out if cleaning was
considered desirable. Or if their cleaning out from
time to time was not looked upon—as in the early
days it was not likely to be so—as a duty to health,
the removal of obstructions to the flow of liquid refuse
along them would be an easy matter. And these
obstructions would be found more frequently at some
points than at others. Iowever far the cleaning out
of the gutters was carried on, either as a necessity or
a duty, or whether it was as a rule neglected, the
very nature of the open gutter gave at least every
facility for cleaning them out. Their condition and
what obstruction might be present could at least be
seen,—=s0 that our ancestors had not the excuse so
often made by us, that they did not know of the faults
or evils existing in their system of open gutters.

The second advantage of the open gutter or surface
channel system was this. That wherever, whether
at any one particular point or along the whole
course of a gutter, gases or emanations from putre-
fying materials or decaying substances arose, they
were at liberty to ascend and mix freely with the
surrounding atmosphere. And the gases thus created
would begin to ascend as soon as they began to be
created,—that is, they would be of comparatively
small volume at first, and be of a less pungent and
disgusting odour than if they were kept in and fenced,
so to say, to be concentrated and made more intense.
No doubt the longer substances liable to putrefy
or decay were allowed to lie quiescent in the open
gutters, the worse their condition would become, and
the more pungent would be the putrescent odours.
Still, as we have seen, they would have the chance of
being moved along by some accession to the liquid, as
by & shower of rain,—the chance, moreover, of being
removed by hand where they were peculiarly offansive.
At all events, the putrefying substances could be seen,
and their exact position further indicated by the sense
of smell. But in all cases, and as well in their most
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offensive as in their simplest condition, this great
advantage was present—that the principle of “ diffu-
sion of gases” could operate at any time and in the
readiest of all ways. The law of diffusion of gnses
in the atmosphere—discovered, or at least first
explained, by Dalton—is one of those provisions of
nature so wisely ordained by & beneficent Creator for
the physical well-being of man. By its operation gases,
no matter what may be their nature, are mixed or
commingled with, spread or diffused through the mass
or volume of the common air or atmosphere, And
this diffusion exists to an extent and for purposes the
most beneficent to man ; which many have no con-
ception of, and of which, if this were the place or
space permitted, we could give many and striking
examples.

Some Characteristios of Unhealthy Gases or those from
Drains.

Poisons are all the more dangerous, and act in the
most rapid and conclusive way, the more concentrated
they are. A dose of a liquid poison which in its
natural or concentrated condition would kill a strong
man in a few seconds, if mixed, diluted with or
« diffused ” thoroughly amongst a large bulk of water,
would be so innocuous that a puny infant drinking
a portion of the mixture would not be injured.

-The same holds good of aerial poisons or gases,
which if breathed in a highly concentrated con-
dition would kill a man or render him unconscious
instantaneously, but if diffused with a large bulk of
common air, or the general atmosphere, might be
breathed, if not with absolute and final impunity if
inhaled for a long period, at least without immedi-
ately dangerous or fatal consequences. But there is
this essential difference in the two poisons, the
liquid or gaseous, so far as their weakening is
concerned by being mixed with large bulks of
innocuous liquids, as water, or with an innocent gas,
such as the common air, The mixture of the liquid
poison with a bulk of water takes a comparatively
long time for completion, and generally requires a
shaking or agitation of a more or less violent cha-
racter to effect a complete and equal diffusion of the
poison throughout the whole mass of the water, so that
any one portion of it would possess the same amount
or percentage of the poison as any other portion
taken at random. But in the case of the mixture of
an aerial poison or noxious gas with a large bulk of
the common air or atmosphere, the diffusion of the
poisonous gas through the mass of the atmosphere
begins at once, and is so rapid and complete that the
poison may be said practically to be immediately
lost or got rid of. For example, the formation
of that deadly gas or aerial poison known as
carbonic acid in a close confined room, by the com-

THE SANITARY ARCHITECT.

bustion of charcoal in an open brasier, is so rapid
and dense, 50 to say, that people sitting in the room
would become quickly drowsy and soon be killed.
But 8o rapid is the diffosion of this deadly gas with
or amongst the ordinary air, that, almost immediately
upon the opening of & window which will admit of
its entrance, those under the influence of the gas, if
not actually killed, will begin to revive, and the air
of the room will become pure and fit to be breathed
with absolute impunity in a marvellously short time.

Praotioal Bearing of Foregoing Points on the Art of House

Drainage.

The bearing of these facts upon the question of
house drainage and also upon another important
branch of sanitary science—house ventilation—is of
the closest and most practical kind ; and if it be well
considered, many of the points connected with the
practice of the art of drainage involved in it will be
so clearly apprehended that the necessity for their
fuller explanation further on will be done away with,
and our space and the time of our readers saved.
The advantage of the open gutter or surface channel
system of house and town drainage will now be
perceived as favouring in the most direct and rapid
way that diffusion of the gases arising from the
putrescent matter present in the gutters or channels
which dilutes or weakens them to a point no longer
dangerous. And that the gases arising from putres-
cent matter are in fact aerial poisons, no one now-
a-days will be inclined to dispute,—although it is
worthy of remark, as characteristic of one of the
mental peculiarities of man, that we submit to
breathe such aerial poisons all the while that we
know that they are poisons, and this so long as their
effects on the system are not obviously and directly
dangerous. It is quite true that, from the very
extent or arra of the surface channels or gutters,
this, the first system of house drainage, would give rise
to large volumes of aerial or poisonous gases, these
being created in a way more or less offensive or
dangerous in proportion not merely to their area but
to the way in which and the length of the intervals
between which the gutters were cleaned by hand, or
flushed or washed out by Nature with her beneficent
rainfalls.  The extent to which the general air
of a town could be contaminated, or at least rendered
notorious as being the reverse in sweetness to the
“balmy gales of Araby the blest,” or  Sabean odour
from the spicy shores,” is illustrated in the case of
of the well-known town of Cologne, on the banks
of the Rhine. Coleridge rendered the air or the
memory of it immortal, when, in his own graphic way,
he described it as being made up of *thirty special
and distinct stinks,” each so marked that it could be
distinguished from its fellows,
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THE STEEL MAKER.
Tar DETAILS OF HI8 WORK—THE PRINCIPLES OF ITS
I'ROCESSES—THE QUALITIES AND CHARACTERISTICS OF
18 PRODUCTS.

CHAPTER XI.
“The ‘ Converter” of the Bessomer Steel Making Process.—
Its Practical Use.—Process of Conversion,
Tue converter has, at the commencement of the tpro-
cess, its interior brought to a red heat by consuming
conl in it. It is then swung round till it assumes
the position in fig. 2, so that the melted pig from the
cupola furnace can be easily run into the interior
of the converter by means of the trough . When it
bas received its proper supply, the converter is again
swung round, till it assumes its normal position, as
in fig. 1, which it retains during the process of con-
version. The blast is, however, turned on before the
converter is made to resume the position as in fig. 1;
the object of blowing through before the converter
is made to assume the vertical being to prevent the
fused metal running through the holes d in the

-

Fig. 2.

bottom, ¢ ¢, upon which it rests, and to pass which is
of course its natural tendency. This, however, is
obviated by the blast, which is powerful enough to
keep the molten metal above the perforated bottom,
and by bearing it up, or keeping it suspended, as it
were, to thus prevent it passing through the holes
to the blast chamber e e.

The converter is now swung round so as to assume
its normal or vertical position, as in fig. 1; and the
powerful blast going on, the stages of the process of
“ conversion ” are as follows. The immediate action
of the blast projected into the interior of the con-
verter through the apertures in the bottom, c ¢, is to
send out a fierce and long flame from the mouth g,
fig. 2.

‘We have not space to describe the truly wonderful
sight which is presented to the spectator in the course

of the “blast,” but while its splendour is painful to the .

oye, it is “ yet so fascinating that few who have seen
it for the first time can resist it and turn their dazzled
eyes away.” Aftera certain stageof the brilliant blast
has been reached, the melted spiegeleisen is poured
into the converter, which creates a new display of

flashing flame. This finishes the process: the Bes-
semer iron is now made, and is cast into ingots. For
o lucid and most interesting description of the various
changes which take place within the converter during
the “ blow ” or blust, and of all the fiery splendours
with which it is accompanied, we must refer the
reader to Mr. Williams' papers, read as one of the
Cantor lectures before the Society of Arts in 1876—
on “The Iron and 8tecl Manufacture.”

Ina paper read before the Institution of Mechanical
Engineers, shortly after the difficulties attendant at
first upon the process had been overcome, and it had
established -itself beyond all doubt as an invention
pregnant with the most important results to the trade,
Sir Henry (then Mr.) Bessemer gave an account of
apparatus erscted at the Atlas Steel Works of Messrs.
John Brown at Sheffield, to carry out the new process.
This, as deseribed by Sir Henry, will, in conjunction
with the drawingsin figs. 1 to 9, give the student a good
idea of the mechanical appliances and general arrange-
ments of a Bessemer steel making plant some two™
and-twenty years ago. The drawings here referred
to have been prepared from drawings given by Sir
Henry Bessemer in the paper above alluded to.

“The crude pig iron chiefly used in this process has
been the hot-blast hematite pig smelted with coke,
which is melted in a reverberatory furnace adjoining,
and is then run into the converting vessel, a a a «,
figs. 3 and 5, in which its conversion into steel is to
beeffected. The “converter ” vessel is shown enlarged
in action in fig. 4, which represents its position in
being filled, the melted pig iron being run into it
by the spout 4, fig. 2, direct from the furnace. It is
made of stout boiler plate, and lined with a powdered
siliceous stone found in the neighbourhood of Sheffield
below the coal and known 3 ¢ ganister.” The rapid
destruction of the lining of the converting vessel was
one of the great difficulties met with in the early stages
of the invention : the excessive temperature generated
in the vessel, together with the solvent action of the
fluid slags, was found to dissolve the best firebrick so
rapidly that sometimes as much as two inches thick-
ness would be lost from the lining of the vessel during
the thirty minutes required to convert a single charge
of iron intosteel. The ganister now used, however, is
not only much cheaper than firebricks—costing only
11s. per ton in the powdered state—but it is also very
durable : a portion of the lining of the vessel is shown
which has stood ninety-six consecutive conversions before
its removal. The converting vessel, @ @ @ a, is mounted
on bearings which rest on stout iron standards, ¢ i,
fig. 1, and by means of gearing and handle it may
be turned into any required position. There is an
opening at the top for filling and pouring out the
metal ; and at the bottom of the vessel are inserted
seven fireclay tuyéres, each having seven holes, The
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blast from the engine is conveyed through one of the
bearings of the vessel, fig. 1, into the tuyére box ¢ e,
and enters the tuyéres at a pressure of about 14 1b.
per square inch, which is more than sufficient to pre-
vent the fluid metal from entering the tuyéres.

¢ Before commencing with the first charge of metal,
the interior of the converting vessel is thoroughly
heated by coke, with a blast through the tuyéres
to urge the fire; when sufficiently heated it is turned
upside down and all the unburnt coke falls out. The
vessel is then turned into the position shown in fig. 2,
and the melted pig iron is run in from the surface
by the spout %, the vessel being kept in such a posi-
tion, during the time it is being filled, that the holes
of the tuyéres are above the surface of the metal.
When the proper charge of iron has been run in, the
blast is turned on and the vessel quickly moved up
into the position shown in fig. 2. The blast now
rushes upwards into the fluid metal from each of the
forty-nine holes of the tuyéres, producing a most
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violent agitation of the whole mass. The silies,
always present in greater or less quantities in pig
iron, is first attacked, and unites readily with the
oxygen of the air, producing silicic acid; at the same
time a small portion of the iron undergoes oxidation,
and hence a fluid silicate of the oxide of iron is formed,
a little carbon being simultaneously burnt off. The
heat is thus gradually increased until nearly the whole
of the silica is oxidised, which generally takes place
in about twelve minutes from the commencement of
the process. The carbon of the pig iron now begins
to unite more freely with the oxygen of the air,
producing, at first, a small flame, which rapidly
increases, and in about three minutes from its first
appearaifice a ‘most intense combustion is going on;
the metal rises higher and higher in the vessel, some-
times oceupying more than double its former space,
and in this frothy fluid state it presents an enormous
surface to the action of the air, which unites rapidly
with the carbon contained in the crude iron and pro-
duces & most intense combustion, the whole mass being,

in fact, & perfect mixture of metal and fire, The
carbon is now burnt off so rapidly as to produce a
series of harmless explosions, throwing out the fluid
slag in great quantities ; while the combustion of the
gases is so perfect that a voluminous white flame
rushes from the mouth of the vessel, illuminating the
whole building, and indicating to the practised eye

the precise condition of the metal inside. The blow-
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Fig. 4,
ing may thus be teft off whenever the number of
minutes from the commencement and the appearance
of the flame indicate the required quality of metal.
This is the mode preferred in working the process in

- Bweden. But at the works in Sheffield it is preferred

to continue blowing the metal beyond this stage,
until the flame suddenly drops, which it does just on
the approach of the metal to the condition of malle-
able iron : a small measured quantity of charcoal pig
iron, containing a known proportion, is then added,
and thus steel is produced of any desired degree of
carburation, the process having occupied about twenty-
eight minutes altogether from the commencement.
The converting vessel is tipped forwards and the blast
shut off for adding, this small charge of pig iron, after
which the blast is turned on again for a few seconds.

Fig. 6.

“The vessel is then turned into such a position
that the fluid steel run into the casting ladle g, fig. 3,
which i8 carried by the hydraulic crane % %, is
ocounterbalanced by the weight ¢, on the opposite end
of the jibjj. When all the metal is poured out of
the converting vessel, the crane is raised by water
pressure and turned round, as shown in fig. 4, for the
P of running the steel into the ingot moulds £.
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THE FACTORY OR MILL HAND AS A
TECHNICAL WORKER.

THE ORGANISATION, GENERAL DUTIES, AND BPECIAL
WORK OF THE STAFF OF FACTORIES FOR THE PRODUC-
TION OF SPUN AND WOVEN GOODS—THAT 18, “ YARN "
AND “CLOTH"—AND THOSE CHIEFLY IN COTTON AND
WOOL—GENERAL DESCRIPTION OF THE VARIOUS PRO-
CESBES OF MANUFACTURE.

CIHAPTER XIIIL

In fig. 10, at end of preceding chapter, we gave a
diagram illustrative of the “slubbing frame.” Accord-
ing to the fineness of the rovings required, several
slubbing machines are used before proceeding to the
spinning mule or throstle. These are called ¢ slubbing
machine,” “intermediate frame,” “ roving frame,” and
“jack frame.” Animportant improvement in the flyer
is the presser-flyer, by which the arm for winding the
yarn on the bobbin is provided with a smaller arm,
fastened by a spring, through which the yarn runs,
and which likewise presses against the yarn whilst it
is being wound on the bobbin, Through this the
rovings are not only made closer, but a larger quan-
tity can be wound on a spool. Another very clever
contrivance in this machine is the arrangement by
which the variation in the velocity of revolution of
the spindle compensates for the increasing diameter
of the bobbin. From the differential motion secured
by the mechanical contrivance, these slubbing machines
are sometimes called ¢ differential ” slubbing frames.

On the frame «, fig. 10, there is a drawer b, as
before described, through which the rovings from the
bobbins, @, @, pass on their way to the flyer b. This they
enter by the funnel-shaped hole at the top of the
spindle, pass through the hollow arm d, and pass out
through the side opening of the presser arm ¢, by
which they are pressed ngninst the bobbin e. Whilst
the rovings are being wound on the bobbin, the plat-
form carrying these is lowered and raised by the
wheels f, g, &, ¢ and &, shown in the figure by dotted
lines. As the wheels ¢ and % must likewise rise and
full continually, and as they must always be in con-
nection with the other wheels, £, £ and 4, the latter are
connected by a crank-joint /m. The spindles are mnade
to revolve by toothed wheels placed at their lower
ends. According to the amount of twisting it is
desired to give the rovings, the spindles make from
200 to 800 revolutions per minute.

An improvement, for making the motioh lighter,
increasing the speed, and consequently increasing the
production of the machine, was made by William
Higgins in Manchester in 1861. Whilst the spindles
usually revolve in fixed sockets and independent
collars, which together with the fixed arm move up
and down, Higgins hes given these parts a motion
at right angles to one another, and supported the

bobbins by iron supports reaching to their middle.
Through this improvement an irregular movement of
the platform can never cause the spindles to jam in
their collars, and as the collars do not move up and
down on the spindles themselves, but on their sup-
ports, the spindles revolve safely at the upper ends of
their supports; they can make 1,000 revolutions in
glubbing machines, 1,500 in intermediate frames, and
2,000 in roving frames.

In connection with this came also an improvement
in the centrifugal ¢ presser.” This is a wire with a
short arm or finger at the end of a hollow fiyer, and
which is pressed agninst the threads of the spool as
it revolves. In order that, if the spindle were sud-

Fig. 11.

denly to stop, the presser should not fly off and break
or sprain the rovings, it is balanced upon a sloping
plane of the flyer, and weighted at the other end.
This weighting would cause the flyer to rise up were
it not prevented by its own weight. For further
explanation the accompanying figure (11) will serve.
a is the spindle, b the fiyer, ¢ the bobbin, d the support
going to the middle, upon which the collar attached to
the joint f slides when the platform g rises or sinks.

_h is the presser, with the finger %, and is suspended

from the sloping plane ¢.
Details and Practical Management of the Slubbing Process
of the Cotton Yarn Manufacture.
In passing from the drawing frame to the slubbing
frame in all coarse spinning mills, and some mills whera



30

medium counts of yarns are spun, and where a good
clean quality of yarn is to be produced, there comes in
a machine called a “ combiug machine” ; but we shall
pass on to the process of coarse or medium counts
spinning, commonly called “carded yarn.” Our re-
marks on the combing machine will follow at a later
stage, if space will permit.
The “glubbing frame” has altogether & different
aim to that of the drawing frame in its arrange-
ments and its purpose. The drawing frame is not
intended to reduce the sliver in thickness, though in
some rare instances the sliver at the last head of
drawing is slightly lighter than it was when it left
the carding engine. We have already described the
functions of the drawing frame. The-slubbing frame
performs three things, which are its special aim: the
first is to reduce the sliver in thickness to about
one-fifth that of which it was when it left the draw-
ing. The sliver being drawn out to such an extent,
it is then of course very thin. The thinness of the
sliver and that of the fibres lying side by side, it is
then not strong enough to carry its own weight for or
to any other process, and therefore the second object
of the arrangement is brought into operation—that
of “twisting the sliver” as it leaves the rollers—and
thus the twisted sliver, being so reduced, forms a
sliver or roving in the form of a single strand, and
in this state it is wound upon a bobbin. When the
bobbin is full it is removed from the spindle and an
empty one supplied. Thirdly, the winding-on of the
roving to a bobbin, by the means of a flyer which
is attached to the spindle, and the revolution of
the spindle and bobbin, twists the drawn or thin
sliver as it leaves the rollers where it has been
drawn, and it then passes down a hollow tube in the
leg of the flyer. The flyer is in shape like a two-
legged fork, only one leg of the fork is hollow. The
hollow leg contains the roving, and thus keeps it
from flying about and being entangled with any other
part, either of the flyer or spindle. The slubbing
frame, like that of the former machinery named, is
driven in the first place by a belt or strap, and the
rollers receive their motion from the belt shaft by
means of wheels, and therefore they are driven by
tooth and pinion. In the same way and from the
same shaft are the spindles and bobbins driven. The
spindles and bobbins are driven independently of each
other. The necessity of this will be evident to the reader
when he reflects that the spindle and roller have to be
so connected as to keep the same amount of twist in
the roving throughout, and the bobbin has to be so
specded as to take up the sliver always at the same
tension ; the bobbin and the spindle, one giving the
twist and the other taking up the roving, there must
Le some system of altering the relative speed of each.
An arrangement is so contrived that for the completion
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of each layer of sliver on the bobbin, the latter requires
a different speed. A change in speed is accomplished
by means of conical drums, and a motion in connection
with them called “ differential.” This can be set to the
greatest nicety by the change of a wheel.

The cotton sliver, or coarse partially twisted thread,
a8 it may be called, is then in a convenient condition
for transporting from the slubbing frame to the next
frame—* intermediate.”

The Intermediate Slubbing Frame,

The slubbing frame may be said to have more

complicated machinery about it to carry out the third
part—that of winding-on of the sliver or thread part
to a bobbin, The frame part of it is of course so
arranged as to be convenient to embrace all the
working parts. The slubbing frame is so constructed
that the cans containing the slivers after being drawn
at the drawing frame can be conveniently arranged
along the whole length of the frame. The sliver
from each can is put up to the rollers, and is thus
carried through and drawn in the rollers precisely
as in that of the drawing-frame rollers; the only
difference in the rollers of the two frames being
that the drawing frame has in its arrangements four
rows of rollers, while the slubbing frame has but
three rows. The process of drawing is the same,
excepting that the drawing frame draws six ends
into one, and the slubber draws but one end with a
draft of about five—z.c., it draws the sliver to five
times the length at the finish of that at which it was
when it left the drawing frame. The slubbing is
really the first process which reduces the sliver to any
appreciable extent. The slubbing frame has two
rows of spindles, one row behind the other, but not
directly so,—more in a zigzag form, so as to receive
the sliver in a direct line from the roller to that
of the top of the spindle, where it enters the flyer,
without coming in contact with another, and also
for the convenience of driving the spindles, as each
row iz driven from separate shafts. The slubbing
frame varies in length, perhaps more so than in any
other frame which follows. Seldom are slubbing
frames made with less than thirty spindles in, and
seldom with more than sixty. The slubbing frame
being the first frame to reduce the sliver in thickness,
it will be seen that the sliver will in this case be thicker,
and therefore the roving have less twist in it per inch,
and in this way the bobbin on which it is wound is
sooner filled. To meet this incident & larger bobbin
is used—i.c., a longer one in lift (length), and also
much thicker when finished. One spindle of a slubber
will supply about four spindles of the frame which
follows (the intermediate), from which it will be seen
that the slubber does not require to have so many
%ﬂdles in it as that of the finer frames which
'ow.
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THE BRICKLAYER OR BRICKSETTER.
Tag PRINCIPLES AXD PRACTICAL DETAILS OF HIS WORK.

CHAPTER XIIIL
Piors and Chimney Stacks,
Ix fig. 4, Plate CXLVT., we give at A the first course,
and at B the second course, of a pier built hollow, the
hollow spacein & b ¢ d being fourteen inchessquare, the
outside wall being a brick thick. Fig. 5, Plate CXLVTI.,
dingram A, is the elevation of the side g ¢, B of the
side g A of fig. 4. Fig. 6, same Plate, may also be
taken as the first and second courses of a “ flue” or
chimney stalk—a 9-inch-by-14 one, the thickness of
outside wall being one brick. Of these two plans we
give part side elevation in A, fig. 7, Plate CXLVI,
and in B part end elevation. In fig. 1, Plate CLIV.,
at A we give plan of first course of a “chimney stalk,”
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of a wall to resist the action of damp and of driving
rains depends upon the way in which the joints are
made good. The first operation of “pointing” is to
remove all the mortar from the face of the wall which
has been pressed out from between the bricks (or
stones) in placing them in bed; the mortar is next
removed from between the joints, and for some dis-
tance inwards, this being done in order to give a
“key,” bond or hold for the mortar or cement with
which the pointing is done. The joints between the
bricks (or stones) being thus opened up, the loose dust is
next blown or brushed out, and the mortar or cement
is inserted carefully into the joint, and pressed well
up into the cavity so as to get a good hold. There
are more ways than one of finishing off the outside of
the joint or of itsface. What is called a “rule joint,”
—~* pointed and finished off with a flat rule joint,”—is
done by bringing the mortar or cement a little forward
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Fig.

or a “hollow pier” of which the length is greater
than the breadth. If fig. 1, Plate CLIV,, be taken
as the plan of a chimney stalk, it givesa flue q,
14 inches by 9, and a second flue b, 14 inches
square ; in B, fig. 1, Plate CLIV., we give the second
course; in fig. 2, same Plate, in A the elevation of
the courses of the side ¢ d, fig. 1, Plate CLIV.;
and in B, fig. 2, Plate CLIV., elevation of the end
ce, fig. 1, Plate OLIV,

Pointing.—In finishing off the outside faces of brick
walls, the operation of pointing is resorted to; this
consists in filling up all the joints with u superior
mortar, and in the best class of work with cement.
To properly “ point ” a wall requives great care, and
indeed skill, where thorough neatness and finish in
the joint are to be secured. Moreover, pointing requires
to be conscientiously done, for much of the capability
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in front of the face of wall, and finishing its lower
and upper edges perfectly square and level by means
of a flat straight-edge or rule applied to the joint, as
shown in diagrams A and B, fig. 37, which represent
pointed work in ¢ Old English” and “ Flemish” bond
respectively. The diagrams to the right of this figure
illustrate “ pointing ”: @ a shows two adjacent bricks,
with the mortar between them represented by a thick
line; part of this is picked out in front, as at ¢,
and the space filled up, as at d, with fine mortar or
cement ; and when flush with the surface of the wall,.
as shown, it is called plain pointing, but when filled
in with a part projecting, as at ¢, and finished asabove
described, it is called “rule” pointing, shown in front
view at /i The dingrams A and B will perhaps enable
the student to decide for himself the much disputed
point, already alluded to, as ‘o whether the “Flemish™
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bond, as in B, is s0 much more beautiful or pleasing
to look at than the #Old English ” in o. Al this is
done with the point of a finely pointed trowel. In
some classes of brickwork the cement used for point-
ing is mixed with a proportion of lampblack: this
gives the wall a series of horizontal and vertical lines
(of the joints) in black, which is by 'some supposed to
impart a higher finish or look to the wall than when
the mortar or the cement is left its natural colour.
In “rough pointing” the outer face of the joint after
baing filled up as above described is finished off simply
with the point of the trowel, without the application
of the rule or the straight-edge. In some cases the
face of the joint is wrought to a point or sharp arris
or edge, as at g in fig. 37, this being done to throw off
the water from the joint; but such methods as this
have not been successful. What is called ¢ flush
pointing " is literally facing a wall with a coating of
rement, generally Roman cement, to enable the brick-
work the better to resist the weather, or to conceal
the fact that the wall is of brick, and to induce the
belief that it is stone—a “ make-believe” or sham which

is always a failure, as all shams deserve to be, It is
altogether a mistake to suppose that a cemented house
front would look better than a brick wall. Brickwork
well executed is in itself a beautiful object—infinitely
more 80, at all events, than a cemented front purporting
to be stone, which nobody is deceived by, and which,
from the cement used being generally of bad quality
and scaling or peeling rapidly and irregularly off, gives
a look which is beyond mistake shabby, and tells its
own tale. Even if the brickwork be not well pointed
or pointed with a rule joint, if it is good —that is, the
bricks sound and well laid—it looks better, and this if
for no other reason than that it looks what it is, and
carries no pretence with it. It is honest-looking work,
which cannot be said of cemented work, with which,
either from a constructive, an msthetic, or a moral
point of view—the latter when the purpose of cement
is to deceive—we have not the slightest sympathy.

Diagonal Bond.

In addition to the classes of bond we have illus-
trated, there are several others, some practised on

Continent, where brickwork has ree:ived its best and
widest developments, some in this country. The bond
used in certain species of hollow brick or cavity walls
may be called an extra or new variety. Although not
new, having been long practised, are the bonds known
asthe “ diagonal " and the “ herring bond ”; the latter,
indeed, may be classed amongst the oldest of bonds,
—the diagonal being but a variety or sub-class of it.
This—the “ diagonal "—is illustrated in fig. 38, It is
chiefly used for filling in the interior spaces of brick
walls or courses, such as those of foundation courses.
It is obviously not applicable to walls of inferior
thickness or depth from front to back, as there must
be room in the interior spaces in each course—that is,
between the line of inside and outside bricks—for the
diagonal bricks to lie in. The minimum depth frum
front to back in the thickness of wall is that equal to
two bricks long, and the bond invariably used or that
adapted to diagonal work is Old English—that is,
alternate courses of headers and stretchers. The angle
at which the diagonal bricks lie, as @ @ a a in fig. 38,
is that of 45° but if the student will make up some
courses in model bricks giving different thickness
of walls, he will find that the angle will have to be
varied according to circumstances. The illustrations
in figs. 38 and 39 (for the latter of which see next
chapter) are not designed to show further than
the arrangement of the diagonal bricks and their
relation to the outside course of bricks which form
the inclosing space within which the dingonal bricks
lie, such as the stretchers b b, ¢ ¢. It will be observed
that, whatever be the angle at which the diagonal
bricks lie in relation to the outside bricks, they will
only touch the inside of these inclosing bricks at
points, and will form angular spaces, as d d, shown in
black in the diagram. These spaces will vary in size
and outline according as the angle of the bricks varies,
and are usually filled up or grouted with mortar or
pieces of brick, or left void, thus forming a species
of hollow wall. In diagonal work the bricks lie at
opposing angles in the alternate courses. Thus, if
fig. 38 be taken as the first diagonal course, the angle
or inclination being from left to right, the next
diagonal course will bave the inclination in the oppo-
site direction, as from right to left. By looking
through the sheet or page of paper on which fig. 38
is printed, but with the opposite side of the paper
nearest the eye, the arrangement here last indicated
will be illustrated. In diagonal brickwork, the first
course is that of the ordinary brick bond: thus, if the
wall be two bricks (lengths) in thickness, the first course
will be two lines of headers placed end to end; in
three brickwork, three lines of headers placed in the
same way, and in three-and-a-half brickwork three lines
of headers end to end.
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THE TECHNICAL STUDENT'S INTRODUCTION T0O MECHANICS.

'.l‘IHE TECHNICAL STUDENT'S INTRODUCTION
TO THE GENERAL PRINCIPLES OF
MECHANICS.

LAWS AFFECTING NATURAL PHENOMENA—MATTER
AND MOTIOR,

CHAPTER XXVIII.
Oentrifugal and Oentripstal Foroes (continued).
IN desaribing the simple process of projecting a stone
from a sling, we have at the conclusion of last chapter
explained the two forces brought into action, Those
two ‘foroess mre always existing in all bodies moving
in circular directions; undmmeehm:ulwork,umu
the centrifugal force which is the most powerful in
doing mischief, it is the aim of the mechanist so to
arrange his parts that while they have weight or
mass enough to give with the velocity of their revo-
lution or circular motion the momentum or force
desired, they shall be strong enough to resist the
power, so to say, of the centrifugal force generated
by the moving body, so as to keep it whole or in good
working order.
The Centrifagal Force.

This centrifugal force in heavy bodies moving
at high velocities, if not in this way duly provided
for, is so powerful in its effects when left free to act,
that grave disasters to life and property frequently
accrue from this, What a * break-down ” is, which
is caused by the heavy rim of a fly-wheel becoming
fractured and a part or parts of it flying off, many
engineers have had costly experience of. The great
damage done also by the breaking off of a piece
or pieces of a heavy grindstone is due to the fact
of the centrifugal force being greater than the
“cohesive force,” or, to use the more popular ex-
pression, of the cohesion of the grindstone, which
tends to keep them in contact so as to form a perfect
whole. But while forces which he may himself create
in order to serve a useful purpuse may prove—unless
duly provided for and against—to be destructive
agencies, those same forces can be, and are, made
overy day as willing as they are powerful servants to
do his varied and ever-varying work. This centrifugal
force, so powerfully destructive when acting in a
wrong, has, in its useful developments, when controlled
in & right direction, been made to do valuable work.
We can, of course, find space to name but a few of
all the ways in which the machinist avails himself
of this centrifugal force to do a variety of work in
industrial operations. One of its most simple and
direct applications, and which in its varied modifica-
tions has been of vast service to numerous branches of
industrial work, is met with in the centrifugal drying
machine. This, briefly described and illustrated by
& mere diagram, consists of a central cylindrical
reéceptacle, hung vertically on a central shaft, which
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gives it a rotation of great velocity, and surrounded by
an outer cylinder, of so much larger diameter as to
leave & space, as a a (fig. 30), between the two
cylinders. The inner cylinder, b b, is made with
s perforated periphery, making it, as it were, a
cylindrical sieve; the wet cloth or other substance
from which the superfluous water is to be expelled is
placed in the inside of this perforated cylinder, and
the whole covered up. Motion is then given to the
central shaft at a high speed, and the wet cloth, etc.,
is, by the centrifugal force generated, driven up—in
its efforts to: fly from the central shaft—and as it
cannot escape to fly off in straight lines, as it would if
left free, is, in being carried round with the cylinder,
pressed up against its inner surface with such force
or power that the water is squeezed out of the folds
of the cloth, and passing through the perforations,
falls into the free space a a. We say fallg, but if one
could see inside this space, one would find, as the water
pussed from the inner to the outer face of the revolv-
ing cylinder, that it was dashed or thrown off from
the outer face in straight lines, and being caught by
the surface of the outer cylinder or cover, trickled
down to the lower part of the annular spacea a. Here

Fig. 80.
the “centripetal” force is that exerted or generated
by the rapid rotation of the central shaft of the
perforated and revolving eylinder, and which is con-
nected to the cylinder by the arms or dise; and here
the shaft represents the hand and wrist or arm of the
stone slinger,—the arms of the disc which connects the
shaft with the outer perforated cylinder the cord or
string of the sling,—and the sides or periphery of the
perforated eylinder the sling itself. In this machine
it is scarcely necessary to state that the inner or
perforated cylinder revolves or rotates round its
centre or axis; the outer cylinder, which acts as a
cover, being stationary. 'We have had occasion in the
preceding paragraphs, and in the present one, to use
the words rotation and revolution. As these are what
may be called “stock terms” in the vocabulary of the
mechanie, in use perpetually, it will be well here, in
accordance with the plan of treatment adopted in this
work, to show their derivation. In one sense the two
terms are synonymous or similar or convertible ; in
another they are not so. As a rule we associate with
the term “ rotation "—a circular movement round a
central axis—the idea of a slow, or comparatively

slow, velocity ; with “revolution ” a higher velocity.
3
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Omne'would scarcely say that a pulley made an enormous
pumber of * rotations,”—ane would almost oertainly
employ the word ¢ revolutions.” The' term “rota-
tion” is derived directly from the Latin rofare, and
this from rota, a wheel. So that to rotate is to
turn round as a wheel does, and rotation .is the act
of turning round. Revolve is also derived from
the Latin—the two words re, again or back, and
volvere, to roll or turn round. We see, then, that
the distinction generally made between the two terms,
as above noted, is based upon an accurate concapt}on
of the derivation of the two words: thus, rotation
conveys the idea that it is movement or motion r?und
a centre, or like a wheel (rota, a wheel) ; revolutions,
the number of turns the wheel takes (rolvere, to turn

round).
) Increase of Centrifugal Force.

When a body, as a stone carried or suspended in

asling, is swang round in a circle, the cord which
connects the sling to the hand is stretched tightly,
and has a certain strain exercised upon it, tending
to break it. The stone, as it swings round, has
an accelerated motion at every deviation from its
natural straight line (see preceding paragraphs). The
strain or stretch upon the string or cord is a force which
is to the weight or mass of the stone as double the
free descent or space fallen through, due to the velocity
of the mass in falling, is to the radius of the circle which
the stone describes as it is swung round. Centrifugal
force—or, as in the case of the sling here noted, the
strain tending to break the cord—increases as the
square of the velocity ; and in bodies having a motion
of rotation round an axis this velocity is measured by
the number of revolutions: the centrifugal force is as
the square of the number of revolutions, and simply as
the diameter. To obtain increased centrifugal force
we can therefore either increase the diameter, or with
n less diameter we can increase the speed ; and in
practice the last will be found generally to be the
best expedient. To find the tensile or rupturing
strain upon a cord or wire which is fastened to a mass
or weight, commence to revolve rapidly, square the
velocity in feet per second, multiply this by the
weight of the mass, and this by two, divide the pro-
duct thus obtained by twice the free descent, and this
by the length of the wire. Where the speed or
velocity of the whirling or revolving stone in the
sling in relation to the diameter of the circle which
it describes gives a temsion equal to gravity, if the
sling is swung round in a horizontal path, the stone
describes a plane at an angle of 45° with the cord or
wire.

Causes of Deviations from the Natural Straight Line

of Motion of Moving Bodies.
In connsetion with the illustrations in figs. 28, 29,
30, and description in last leading paragraph, we
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have seen that while motion is naturally sheaight,
it is, when acted upon by a force othar than the
original force, bent out of the straight line, and
takes a curved path. In the ecase of the force of
gravitation only acting as the binding force, we
have seen that the curve assumed by the body as it
approaches the earth's surface is that of a parabola,
subject to certain modifications, as in the case of
water projected over weirs or through the openings
of sluice gates. In the case of bodies moving freely
along surfaces under the action of a given foroe, the
form of the curve or the path of motion of the body
under the infinence of the force is dependent greatly
upon certain conditions existing in the body, its form,
and the nature of its surface. Some of the phenomena
coming under this hend present many features of
practical interest, and may be usefully glanced at.
In a preceding paragraph we bave referred to the

influence of what is popularly called “bias” in pro-
jectiles, as in the balls used in “ bowling.” The points
opened up by this, affecting many of the mechanical
problems connected with “rollers,” which play such an
important part in a wide range of industrial work,
will now be glanced at. Discarding for the present the
effects of friction in the cases of hudies rolling along
flat surfaces under the influence of a force exerted
upon them in a certain direction, a perfect ball or

sphere is, s0 to say, inditferent to the position it may
occupy-—that is, it will roil along however it may be
projected, any point on its surface being at the same

distance from its centre as any other point, and the

ball or sphere, as a b ¢ d (fig. 31), having its ““ centre

of gravity ” also at the true centre, ¢, of the sphere,

this considered merely as a geometrical figure. How

the change of its centre of gravity, so that it will

not coincide with or be in the same point as the

centre of the sphere, affects its relation to a given

force, has been already described in discussing the

points of “centre of gravity.” Apart from fric-

tion a perfect- sphere or hall will roll freely along

a given surface, as ¢ f, with equal accuracy of motion

whether it be ‘“started,” so to say, with the point a,

for example, uppermost or farthest from the line ¢ f,

or with the point ¢ or any other point.

Form of a Bias in Bodies causing Changes in their Motion,

Bat if, in place of the ball being a perfect sphere,
it is so far “ out of the truth ”"—to use the technical or
workshop phrase—that it has at a certain part of its
periphery a form different from that of a true sphere, or
what is called a “ bias” in the langunge of the bowling
green given to it, it will no longer when projected
along the surface, as ¢ f, roll along it in a straight
line—deviating neither to the right hand nor to the
left—but it will have a curved path,-and that in pro-
&ortion to the amount of its bias or departure from
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the surface of & true sphere. Thus, suppose the ball
to haves hias st one side, as at g, if it be thrown from
the hand along a flat surface, as from the point A, in
the hope that it will reach the point f, it will not do
so, but will take a curved path and reach some point,
asj, to the right of <. We may further assume that
the ball has a double bias, 8o that it assumes the form
shown at k! m : if adjusted by the hand of the player
and projected with force sufficient—no other disturbing
force coming into play—so that the® ball rolls upon
the part ¢/, it will go in & straight line just as the
cylinder n n will, as each point in its surface is equi-
distant from its centre ; but the path of the ball will
be in & curve,and that either to the right, as 4j(fig.31),
or to the left as a b (fig. 32), according as the ball is
adjusted and projected to be acted upon by the bias
I{morlkinfig. 31. And if we suppose that while at
rest the body % [ m remains balanced on the cylindrical
part 17, so that k and m are free from the ground, but
eo nicely balanced that any slight disturhing force, such
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disturbing influence, the cylinder will roll slong in
a straight line in the direction of the force acting
upon it. But if we trim down the cylinder so0 as to
make the one end much smaller than the other—as
the end u than the end n'n’—we find that this conical
roller will no longer roll along in a straight line, but
in a curved. The reason for this the youthful student
will easily understand from what has been said above ;
for the diameter of the end /4 (fig. 32), being so much
greater than that at » n (fig. 31), the length of surface
gone over by it during one revolution of the cone will
be just so much the greater than that gone over by the
small end n'n(fig. 31). Thus, suppose the circumferential
line, during one revolution of this small end, terminates
at A—the completion of the revolution—the terminal
point of the larger circumference of f ¢ will be at j.
The result, therefore, is a curved path, and the
curvature or sharpness of this will be in proportion to
the incline or angle of the cone, The direction of the
curve will be reversed by reversing the cone, as at

k

Fig. 31.

asthat brought into play by some obstacle lying in the
path of the moving ball, we can easily suppose that
inequalities of the surface, as, say, tufts of grass in the
bowling green, will cause the ball at some parts to be
rolling on side I m, at other parts on side ! k£ ; and
the result of these actions will be that we have a line
of motion or a path zigzag, or going alternately to the
vight hand and the left. Thus, when the ball rolls
on bias Im (fig. 31), it will. move in the curve c d
(fig. 32), and when an obstacle tilts up the ball so
that it now moves on the bias I k (fig. 31), the curve
will be to the left, as from d to e (fig. 32). How this
change of shape brings about the change of path
of motion of a body rolling freely along a level or
rather a flat surface, is explained by the diagram at
SJ (fig. 32). In the case of the cylinder at n n
(fig. 31)—this being of uniform diameter throughout
its length—the length of the circumference at end
n n will be equal to that at end n' #’, and when rolling
along the ground the length of ground surface gone
over by each end will be thesame ; so that, apart from

(fig.- 32). And just as we saw in the case of the ball
with a double *bias,” as % I m (fig. 31), so in the
case of a double cone we see that when projected from
the hand along a level surface with force, it would have
o waddling or zigzag line of path, going now to the
right, now to the left,according as it was tilted upand its
position changed by obstacles meeting it; just as the
cone 1 or the cone 2 was made to come in contact with
the surface on which the double cone is moved along.
In like manner we see that the movements of cylinders,
a8 nn o' ' (fig. 31), would be dependent upon the
position of the small ends, whether as at f¢ 4 4, or
11 (fig. 32).
Changes in the Direction of Motion of Bodies.

In many of the circumstances of daily life the
inflience of what is called “ bias,” in conjunction with
centrifugal force, is exemplified in causing changes in
the direction of motion, A man in rolling a barrel—
which is shaped something like 2 ! m in fig. 31
—along the ground, can make it take a straight ora
curved line of motion, and this latter either to the
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right or to the Jeft, simply by making it roll either on
the highest part of the barrel, as at , or on the smaller
end, %z or m. The change in direction of motion in a
rolling body, according to the change in the condition
of its rolling surface, is exemplified very clearly in the
familiar motions of a coin which has fallen, say, on the
floor from the hand of one who has been handling it.
The velocity or momentum due to the height from
which it has fallen—if it does not fall perfectly on its
fiat side and remain at rest—sends it off rolling on its
edge along the floor. 8o long as it rolls “truly ” on
its edge, the eye will see that it takesa straight course.
Ip practice, however, a coin g0 rolling rolls ina curved
line, or more frequently in a series of curved lines in
alternate directions; and it is this which makes it so
difficult generally to find a dropped coin, as it rolls
rapidly aside and goes under some piece of furniture,
or rolls in a direction quite contrary to that in which
it is supposed to have gome. The reason for the
change of direction of motion is that the obstructions
on the floor surface cause one side of the coin to be

tilted up, so that from rolling on its rim, as at o
in fig. 32, it assumes the position, say, as at p,
and, running on its edge, it describes a line which,
although in reality forming a spiral, carries it on in a
curved line to the right, till another obstruction causes
it to tilt over to the left, as at ¢, when, rolling on its
opposite edge, it rolls towards the left. The student
should think out those three positions in relation to
the force which causes the coin to roll. A beautiful
exemplification of the influence of bias or change of
position of a body moving swiftly over a surface is
met with in the practice of the skater, in enabling
him to describe an infinite variety of curves on the ice
in his career; and this he does by simply changing
the relation of the sole or flat edge, o, of his skate, as
at p and ¢ in fig. 32. By changes also in this way
he keeps bimself from falling; for, just as a man on a
horse, in turning a sharp corner swiftly, gives bearing
or “bias” towards the corner, in like manner, if
the skater finds that he is likely to fall towards, say,
the right hand, he gives his skate a “set” towards
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that side, as at point p in fig. 32 ; this imparts to it a
tendency to move in that curve; but the tendency of
his body, under the influence of centrifugal force, being
to move in a straight line, the body does not follow in
the curve qulckly enough, and the result of the two
tendencies is to throw the body once more into the
perpendicular, and he is thus saved from falling. It
is precisely this principle which keeps a hoop with a
narrow rolling edge when rolling from falling on its
side—supposing the impelling or propelling force is
sufficient to give it motion. So soon as an obstacle
on the ground causes it to tilt up to one side, and
to run therefore on one edge, as at p, the tendency
to sweep off in a curve towards the right hand being
met by the centrifugal tendency to go in a straight
line, brings the hoop to run on its flat edge, as at o
—or the central point, #, if the rim be round—and
thus assume the perpendicular. These influences, in
the course of a long motion, may be repeated again
in operation; they are always ready to act, and the
hoop, so to say, goes through them intuitively, just as

the skater does.
tration now-a-days of the principle here explained, in
which these tendencies are made available in preventing
falling, is met with in the case of the * bicycle,” the
conditions of motion of which the student should

But perhaps the most familiar illus-

think over. The performer in a circus, on feeling
that he and his horse have, in their intuitive desire
to correct the influence of centrifugal force, given
too much bias, and that they have a tendency to fall
inwards, increases the speed of his horse, and thus gives
the desired tendency to rise up from the angle or
inclination to falling—the converse work of reducing
the speed of his horse being gone through if he
feels a tendency to fall outwards or from the centre
of the ring. All this is done by the practised circus
performer, and so also by the bicyclist, whose per-
formances create such surprise to those who are
not acquainted with the actual laws upon which his
performance depends. There are in connection with
bicycling many curious mechanical points, which the
student will do well to consider.
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THE STEEL MAKER.

Tag DETAILS OF His WORK—THE PRINCIPLES OF IT8
PROCESSES —THE QUALITIES AND CHARACTERISTICS OF
1T8 PRODUCTS.

CHAPTER XIL

IN continuation of the subject of the process of
steel making on the Bessemer system, which was
begun in preceding chapter, the inventor proceeds :
« Instead of tilting the casting ladle for pouring into
the moulds, it is made with a hole in the bottom
fitted with a fireclay seating, [, fig. 6, and closed by a
conical plug of fireclay, m, forming a conical valve.
The valve rod = is coated with loam and bent over at
the top, and works in guides on the outside of the
ladle, with a handle, o, for opening and closing the
valve. By thus tapping the metal from below, no
floating scoria or other floating impurities are allowed
to run into the mould, and the stream of fluid steel is
dropped straight down the centre of the mould right
to the bottom, without coming in contact with the
sides of the mould. The moulds are made of a
slightly taperel form, as shown in fig. 6 at % £, so

Fig. 6.

that, as the ingot ‘contracts in cooling, it liberates
itself from the mould completely on all sides; and
the mould is removed by being lifted off the ingot
when sufficiently set. The moulds are arranged in
the moulding pit in an arc of the circle described by
the casting ladle g, fig. 3. By this process from one
to ten tons of crude iron may be converted into cast
steel in thirty minutes, without employing any fuel
except that required for melting the pig iron and for
the preliminary heating of the converting vessel, the
process being effected entirely without manipulation.
The loss on the weight of crude iron is from 14 to
18 per cent. with English iron worked in small
quantities ; but the result of working with a purer
iron in Sweden has been carefully noted for two con-
secutive weeks, and the loss on the weight of fluid
iron tapped from the blast furnace was ascertained to
be only 83 per cent.”

Bince the above was written, vast improvements in
the manufacture of steel have been made, to such an
extent that the process of actual making may be said
to be quite a new one; but the above gives a very
clear exposition of the general process, and that from
the pen of the inventor of the . himself.

Early Improvements in the Bessemer Bteel Making Process,

We have already said that so complete a grasp
had Sir Henry Bessemer taken of the system of
working out his process of steel making, and of the
mechanical necessities which this demanded, that the
arrangements he devised for the works fitted up at an

- early period in the history of the invention, and of

which the preceding description and illustration afford
an excellent example, are almost identicully the
arrangements of the present day. The converter, the
tipping contrivance, the hydraulic crane and ladle—
indeed, as we have just said, the whole arrangements
—although they have received modifications and
improvements in detail, remain in works of the
present day the same in all essential features as in
those works erected or fitted up with the apparatus
some twenty-three years ago, that being the extent of
the interval which has elapsed between the date at
which we write and that of the publication of the
paper by Sir Henry Bessemer of which we have given
the principal matter in the preceding paragraph and
illustrated by figs. 1 to 6 inclusive. It is not to every
invention that the high praise involved in the above
statement can be accorded. The improvements which
have been made have consisted chiefly in more econo-
mical methods of working the process generally. We
now proceed to notice those improvements which have
made the process one not merely more economically,
but much more quickly and directly carried out, than
it was at the earlier period we have just alluded to.
At the end of the preceding paragraph a reference
is made to the “reverberatory furnace” as forming in
its use part of the then method of carrying out the
Bessemer process. This furnace formed, in fact, a
most essential part of it, it being then considered
necessary to re-melt in a special furnace the cast
iron, the original product of the large or ordinary
blast furnaces. It is right to state that in his
original conception of the process Sir Henry
Bessemer designed to operate at once on the cast
iron as it was produced in the blast furnace—
without the intervention of any re-melting or heating
furnace, That this plan was not from the first adopted
arose from a variety of circumstances, amongst which
was doubtless the impurities of the cast iron, arising
from the debased character of the ores employed, con-
taining, as so many did, and still unfortunately do,
so large a percentage of the chief debasing elements,
phosphorus and sulphur. Whatever the cause which
made what we may call the roundabout system of
working, in which the cast-iron was first taken from
the blast furnace, then re-melted in the reverberatory
furnace, and finally passed through the converter, it
was for long considered absolutely essential that this
should be the process by which Bessemter steel was
to be produced. And for long, greatly to the increase
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of the cost of the new metal—for the re-melting occa-
sioned, as we shall presently see, & large consumption
of fuel, to say nothing of the original cost of the
furnaces and their maintenance in working order and
efficiency—the roundabout or indirect process was
carried out. No one for a long time seemed to think

that it was other than necessary, or that it was worth -

while to put the notion to the actual test of practice
that it might be dispensed with, and a more if not
an absolutely direct process substituted.

‘We have a parallel case to this condition of tlungs
in the invention of railways and railway locomotives,
For a long time it was considered to be a fact that
there was so little adhesion or “ grip” between the
surface of the rails and that of the periphery or tyre
of the driving wheel, that unless special means were
taken to make or increase the grip, the power of the
engine would be merely expended in causing the
driving wheels to revolve without causing the machine
with its attendant load of carriages to progress along
the rails. To overcome the fancied difficulty no end
of ingenious mechanical contrivances were brought
out, and several patented, amongst which we may
name the curious arrangement of Blenkinsop, by
which the leg motion of a horso was imitated in a
way almost comical in its conception, ingenious as
were the means by which it was realised. The mind
even of such a thoroughly practical man as George
Stephenson—the true father of the railway system—
was 50 dominated by this fanciful notion that he
entered the list of inventors who brought out con-
trivances by which the fancied difficulty was to be
overcome. The history of mechanical improvement
has not recorded the name of the bold mechanic
who first conceived that this « difficulty ” of the early
locomotive makers was in reality a fancy or mere
belief taken up and maintained without any reference
to facts as they were ; nor does it record the time or
period in the progress of railway invention when this
individual, whoever he was, boldly put the point to
the test of practice, and showed beyond a doubt that
the difficulty was in reality a mere fancy. All that
we know is that the ¢difficulty ” suddenly ceased to be
considered as one really existing, and the progress of
the locomotive to its present state of nearly absolute
perfection was secured.

In this question of the Bessemer steel making,
history is not so silent as to him who first questioned
the correctness of the fact, maintained by all to be
one, that the “re-melting” was a necessity of the
process. It does mot, however, say precisely who
this was, for there are two claimants for the honour
of the discovery: one Mr. George Brown, a member
of the well-known steel making firm of Bir John
Brown and .Co., of Sheffield; the other Mr. John
Bird, of the Railway Steel and Plant Co., of Newton

Heath, near Manchester. This latter gentleman
was, if not the first in the field with the new idea
that there was no necessity to employ the round-
about system of re-melting, but that steel could be
made by the converter from cast iron taken directly
to it from a blast furnace, certainly, so far as evi-
dence goes, the first publicly to announce its success-
ful edoption, in a special paper read so early as
1868 before a meeting of the ‘ Association of the
Employers, Foremen, and Draughtsmen of the
Mechanical Trades.” The point involved is one of
special importance in the history of the trade,
inasmuch as it succeeded in effecting so large a
saving of time and money in individual cases that,
taken in the aggregate, it amounted to an enormous
¢um, increasing in proportion daily as the Bessemer
process itself increased ; and it conveys also a prac-
tically suggestive lesson to the mechanical student.

‘Working the Bessemer Converter with Cast Iron taken directly

from the Blast Furnace.

The substitution, in this plan of working, of the
blast cupola for the air-draught reverberatory furnace,
formed an important step in the progress of the
Bessemer steel making process, and opened up quite an
extended area for its working, inasmnch as it saved
a large and, as we have said, a useless expenditure,
from much of the metal being lost by the reverbera-
tory furnace, and sometimes, as we have reen, causing
a direct loss of the whole, or neamly the whole, of
the re-melting. But great an improvement in the
working of the Bessemer steel making process as the
introduction of the cupola was, another step in the
direction of simplifying its details was yet to Le
made; and this was in the working of the process in
o positively direct manner by doing away with the
use even of the cupola, and by taking the cast iron
directly from the ordinary blast furnace and carrying
it in a molten state to the converter, where the process
of conversion into steel is at once gone through with
and completed. Here we have the simplifieation of
the process carried out to its fullest extent, for there
is nothing intervening between the blast furnace, in
which the cast iron or “ pig” is produced from the
crude ore, and the converter by which it is changed
or “converted” into the steel known as Bessemer
steel. This simplest of all methods of working the
Bessemer process is obviously, however, dependent
upon either the good quality of the * pig,” produced
from ores comparatively pure—that is, free from the
most active of the debasing elements, phosphorus
and sulphur—or upon some mixtures which will
give as the produce of the blast furnace a * pig”
which, when taken from the blast furnace and
led or taken direct to the converter, will be of

at quality which will enable the process to be

rried out efficiently in the production of good
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steel. We shall presently see how this essential
element in the working of the * direct” method of
working the Bessemer process is effected. Meanwhile
it is noteworthy that, although we have stated that
this direct process carries the Bessemer system to
its utmost limit of simplification; this is only com-
parative, not absolute. For the production of steel,
evenin this process of working, is only so far indirect
or roundabout that there is still rendered necessary
the use of the blast furnace—which is the oldest but
one of the iron manufacturing appliances—before the
iron or “ pig” can be produced upon which the con-
verter is to operate. The true limit of simplification
obviously lies in the dirvection of that process, yet
to be discovered, by which the “converter” or some
other form of vessel or appliance which may be neces-
sitated by the new discovery, will take up and deal
with the crude ores themselves, and at one operation
change those or ‘“convert” them at a commercial
profit on the large or working scale into steel.
Making of Steel direct from the Iron Ore.

This process of making steel direct from the ores
has been the dream of many for a long period; and
what has becn done to realiseit we have in a preceding
chapter briefly glanced at. As yet the matter is but
a dream ; although, when we know that such a man as
Dr. Siemens was hard at work for years upon the
solution of the problem, it is not too much to hope
that the dream will before long be realised, and
the conversion of the crude ores into steels of
various qualities—from the lowest, which may be
classed only as the finest quality of wrought iron,
up to the highest qualities of steel, capable of making
cutting instruments of the highest ecfficiency —
become a practical fact, forming one of our regular
trades. No doubt the possibility of this being yet
done seems to many so unlikely that they in reality
look upon the notion as in every sense the outcome
of a ¢ dreamer’s mind.”
enough done of late years, not in the wide field of
general science, but in the comparatively limited one
of metallurgy alone, to make one pause before so
dogmatically deciding that a conception, or dream, or
whatever he chooses to call it, cannot be realised in
practice. The very subject we are now considering
gives us the caution needed, to be gnarded in our being
80 positively certain that this much-to-be-hoped-for
realisation of the dream of not a few of our ablest
metallurgists is a thing which is impossible. For
there were those who sneered at the notion that the
reverberatory furnace was not indispensably necessary
to the Bessemer process. Mr. Birch has, indeed, told
us that he had to practise a species of innocent decep-
tion before he ventured publicly to expound his simple
method of working, by which the reverberatory
furnace, with all its inherent faults and consequent

But there has been surely.

losses in time and material, was done away with by
the introduction of the cupola. And, doubtless,
when. the cupola had been established, and become
itself a ¢ thing to stand or swear by,” as theone thing
which must be preserved, as had been the rever-
beratory furnace in its day of supremacy, those who
suggested that even it might be dispensed with
were looked upon as only dreamers. The direct
process of making steel at once from the iron ore
— truly deserving the name-— may yet, therefore,
some day be ushered into the world of the iron trade ;
and if, in addition to its capability of producing
good steel from good ores, it can deal also with those
which are dcbased, we shall then, indeed, see the
manufacture of steel reduced to its simplest possible
elements.

Bessemer Pig Iron.—The Cast Iron specially adapted for the
Bessemer Process.

‘We have said that one of the causes which led to
the consideration that the roundabout process of
re-melting the cast iron in special cupolas was necessary,
was the impurities of the cast iron employed in the
process and those arising from the debased ores used,
the debasing elements or constituents being chiefly
phosphorus and sulphur. In tracing the history of
the Bessemer process, we have seen that the process
did not, as Sir Henry thought it would, completely
eliminate or get rid of the phosphorus and sulphur
present in the cast iron he proposed to change or
“convert ” into steel,—and this chiefly by the enormous
degree of heat which the process created. On the
contrary, so far from this being the result of the
process, Sir Henry Bessemer was so beset with diffi-
culties arising from the presence of these debasing
elements of phosphorus and sulphur in the metal he
dealt with, and so imnpossible was it to got rid of them,
that at one period the process was very nearly wrecked,
and seemed doomed to be set aside as practically im-
possible, correct as was the theory upon which it was
based. And had it not been for the discovery of ores
then, of the colebrated ¢ Cleator” in Westmoreland,
which were singularly free from phosphorus and
sulphur, and which lent themselves so aptly to the
Bessemer process that the “pig” made from them
became known as ¢ Bessemer pig ” iron, it now seems
beyond a doubt that the process would have been a
failure in place of the brilliant success we all know it
to be now. Later still came the TI omas-Gilchrist
process of iron treatment, as adapted to the modern

“systems of making steel either on the Bessemer

“ converter ” or the Siemens “ open hearth ” principle.
This process seems to open up the positive prospect
of even very debased ores being made available four
the making of steel on one or other of the syst:ms
named above.
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THE IRON MAKER:

THE DETAILS OF HIS WORK AND THE PRINCIPLES OF IT8
PROCKESSES.

CHAPTER XII.

Working Plant of the Cast Iron Manufscture.—Working of
the Blast Furnace.—Hot Blast Furnaces (continued).
RererriNG to what was said in preceding chapter
under this title, we have to point out that the blast
furnaces, as we have already said, are usually worked
in pairs—so that one hoist will serve the two—
although there may be more pairs than one. In
gigantic establishments such as that of the celebrated
works of Messrs., Bolckow, Vaughan, & Co., of
Essen, near Middlesbrough, the blast furnaces are
so numerous that, placed in lines or rows, they may
be said to form streets of furnaces, the first view of
which must always impress the spectator with a very
vivid conception of the industrial power and resources
of our country. Immediately behind the two furnaces,
as b A, in fig. 2, Plate CLXVIL., there are two other
furnaces constructed at the points d d. The office
which these have to fulfil is the raising of the blast
of air at the ordinary temperature, which is created
by the blowing engine, up to the high temperatureo
which distinguishes what is called the ‘ hot blast,” a
term used to denote the fact that the air sent into the
furnace is not—as used to be universally the case at
one period in the history of the iron manufacture—
sent or blown into the furnace at the ordinary tem-
perature of the air, but that it is heated to a degree
far in excess of this. The hot blast, or rather the
highly heated air which the hot-blast system demands,
is created in the large volume required for the reduc-
tion of the ore by the employment of one or other of
two forms of furnace or heating apparatus. These
two are known as the ordinary ‘ hot-blast furnace”
and the ¢ gas heated furnace,” or one or other of the
modifications of the well-known regenerative furnace.

The current of air is forced through the iron pipes
which constitute the heating surfaces of the ordinary
hot-blast furnace or stove—as it is very frequently
termed—or through the air-spaces of the gas or regene-
rative stove or furnace if this system be adopted, by
the power of the blowing engine. This is placed in
the engine-house, the position of which is marked at f,
in fig. 2, Plate CLXVIL, close to the boiler-house in
which the boilers are placed by which the supply of
steam required by the blowing engines is produced.
The air is passed from the blowing engine in engine
house at f, through a large-diametered iron pipe ¢e,
termed the  cold-blast main,” as the air passing
through it is at the temperature of the ordinary
atmosphere at the time being; it is then delivered to
and passes through the heating surfaces of the furnaces

situated at d ¢ ; and after being highly heated—from !

. number of moulds.

500° up to as high as 1500° and above—is passed to
another range of iron pipes, but lined with fire-brick
to protect the iron and to maintain the heat as near
as possible to its initial temperature as produced by
the stove or furnace. This range of tubes is termed
the ‘“hot-air main,” shown at g g, in fig. 2, and
communicating directly with the. fuyéres of the blast
furnace at A .

On the reduction or smelting of the ore being
completed, the resulting fluid iron is withdrawn from
the blast furnace and is run into channels or moulds,
the main channels being, as we have in a preceding
chapter seen, termed ¢ sows,” the tributaries or minor
channels, which are in fact the ¢ moulds” which give
forms to the masses of metal, we have seen to be called
“pigs " or pig iron. These moulds are made in sand,
which forms the floor of what is called the ¢pig bed,”
indicated at j j in fig. 2, Plate CLXVIL. This pig
bed in large establishments has a large area—in some
instances having a sufficient surface to give a very large
The “slag” or glass-like silicates,
described in a former chapter, is run into slag boxes
of dimensions sufficient to contain some two or three
tons of slag. These are taken away by the slag rails
indicated at & £ in fig. 2, Plate CLXVII., communi-
cating with or forming, as it were, “sidings” to the
main line of working rails, 77, of our establishment.
'To work the slag boxes small locomotives are used.

In referring to the diagram in fig. 3, Plate CLXVII,,
the reader will perceive that, connected with the
upper parts of each of the two blast furnaces, &, &,
is a pipe or tube marked =mn, leading to the
ground level. These pipes or tubes are called the
¢ down-comers,” and their office is to carry off the
“ waste gases,” or by far the greatest bulk or volume
of them, from the upper part of the blast furnace to a
brick-lined main or culvert placed underground. This
leads to the boiler-house, /, in fig. 2, Plate CLXVII., on
the one hand, and to the hot-blast stoves d,d, on the
other. The “ waste gases " are largely composed of car-
bonic oxide gas, which is inflammable or combustible, as
we have in a preceding chapter explained in connection
with the action of the blast furnace. The waste gases
thus taken to the boiler house £, and used for hot-blast
purposes at the furnaces d, d, are by certain simple
arrangements flashed into flame, which, travelling
along the boiler or hot-blast furnaces, raises the steam
or the temperature of the air, as the case may be,

Utilisation of Waste Gases of the Blast Furnaces.

At one—and that by no means a remote—period
in the history of the iron manufacture, these waste
gases were in every way deserving of the name, inas-
much a8 no attempt was made to utilise them in
any way; although it must have long been obvious

iron masters that an enormous current or volume
f heat was poured into the atmosphere through their



THE IRON MAKER. - 41

means. And although the heat required for the
regular work of the reduction or smelting was costly
to & degree in its production—the whole of the plant
being practically required for it—still no one for long
seemed to think that in the vast volumes of heated
gases sent into the air at the top of the blast furnace,
there might lie some source of supply of heat which
might be useful in the works below ; and in whatever
proportion so used would tend to reduce the cost of
producing the supply of heat by which the process of
reduction or smelting could be carried on.

Although now largely, practically in the English
iron making establishments universally used, these
gases are still, in the technical language of the trade,
termed ¢ waste” ; and the term is in one sense strictly
applicable, inasmuch as they are, in relation to the
process of reduction or smelting, one of the products
of that process which has no direct value in connection
with the iron. A better term is now, however, being
used in relation to the ro-called waste products of any
industrial process, this being the “ bye-products” ; and
the great improvement witnessed in all our industrial
work is perhaps in no way more strikingly exemplified
than in the fact that uses, and valuable uses, are found
for many of those “ bye-products ” which at one time
possessed no apparent utility, so that they got, and
deserved, the name of *waste products.” The merit
of being the first to take steps towards the utilising
of the waste gases of the blast furnace is keenly dis-
puted by the iron trades of France and of England.
Whether or not it be the fact that the first application
of u proposal to apply those waste gases to a useful
purpose was made in England, we do not now inquire
into ; but this fact remains, and we believe is undis-
puted, that more than one iron master in France used,
and with marked success and economy, the waste
gases of his blast furnaces during a period in which
our iron masters not only refrained from using them,
butinsisted upon the fact that they were not usable
at all, that nothing could be made of them in a prac-
tically useful way. It was long after the system of
using those waste gases of the blast furnaces in the pro-
duction of heat, chiefly for steam-raising purposes, had
been introduced with success into France, that our iron
masters became convinced that in them there really lay
a store of heat which, if availed of, would effect a large
economy in-the consumption of the coal or coke which
was required in such enormous bulk at our large iron
works, Some idea of this economy may be obtained
when we state that in the majority of our establish-
ments the steam required for the various engines,
especially for the blowing engines, is raised wholly by
‘the employment of the waste gases ; and not only this,
but they are employed in the production of the hot blast.
And some idea of the heat sources which for so many
years had been completely lost to the trade, under the

old system of blowing them out at the furnace throst
uselessly into the atmosphere—creating an evil, more-
over, by contaminating this—may be obtained when we
state that, after using the waste gases for the raising
of all the steam required in the works, and of the hot
air required for the blast furnace, there is generally a
surplus, and in many cases a large surplus, of heat
from the waste gases left over, for which some use may
yet one day be found.

An idea of the costly character of the plant of iron
works will be gathered from the statement that to
erect two blast furnaces of a cubical capacity each of
over thirty thousand feet, some sixty thousand pounds
will be expended. The expense weekly in the matter
of men required to work the plant is large, over seventy
hands being required, of whom one-third of their
number take the ‘night shift,” two-thirds taking the
““day shift.” The capability for work possessed by onc
of those large blast furnaces may be gathered from
the fact that it produces some, and in many cases
over, 500 tons of pig-iron every week.

The Supply of Air at Pressure to the Blast Furnaees.—The
Blowing Engines.

We have in the preceding paragraphs described in
a general way the various departments of the ¢ plant”
or working structures and appliances required in iron
works on a large scale. 'Wo now proceed to notice in
greater or less detail the varicus sections of this plant.
And we begin this part of our work with the means
for producing the blast of air, which is the first
essential element in the practical working of the blast
furnace in reducing theore. To give even the briefest
résumé of the historical and practical details of the
blowing engine, by which the blast is produced, would
absorb an amount of space far exceeding our limits.
So wide, indeed, is the subject, so interesting in its
historical and so important in its practical aspects,
so numerous have been the forms of blowing engines
introduced, so extensive is the list of improvements in
their minor details even, that it would take a large
volume to do justice to the subject, and a large
portion of the present volume to giveeven the briefest
résumé and the shortest practical list of illustrations.
We can, therefore, simply show the reader the general
nature of a blowing engine as used in blast furnace
work.

“The modern blowing engine belongs to one of
two classes into which this form of mechanism is
divided—namely, the indirect or slow-speed, and the
direct or high-speed blowing or blast engine. The
indirect or slow-speed, which is the oldest of the
modern forms, in general design and appearance
closely resembles the old or Watt's form of beam
steam engine (see the series of papers on the Steam
Engine in this work), and a fair notice of its general
features will be derived from a glance at fig. 2,
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Plate CLVIL., which is a rough diagrammatic sketch
of the largest blowing engine of this class which, we
believe with only one exception, was ever erected—
‘namely, that of the celebrated Dowlais Iron Works,
in Wales, In this diagram a is the blowing cylinder,
or that in which the blast is produced, and passed
into the “main” or discharge pipe b to the hot-
blast furnace, a description of which will be given
in a succeeding paragraph. The piston of the blow-
ing or blast-producing cylinder receives its motion
through the agency of the beam 4 %, parallel motion
and piston rods. The steam cylinder, in this case
high-pressure or non-condensing, is supported in
massive foundation framing, g g. Some idea of the
gigantic character of this engine, which sends some
44,000 cubic feet per minute through the blast main
b, at a pressure of nearly 4 Ib. per square inch, may
be derived from the following :—The diameter of the
steam engine cylinder ¢ ¢ is 35 in,, with a stroke
of 13 ft., working up at a steam pressure of 50 lb.
to the square inch at boilers to a power of 650 horses.
The diameter of the blowing or blast cylinder, a, is
12 ft. (144 in.), with a stroke of 12 ft.; diameter
of main in blast pipe b, b ft. The beam 2% % of this
large engine is a ponderous mass, made in two parts,
weighing, with its joints or gudgeons, no less than
44 tons. The pedestal carrying the brasses or bushes
in which the gudgeon of this huge beam work is sup-
ported by a wall {/, 7 ft. thick. The beam 4 4 is
connected with the shaft of the fly-wheel ¢ %, in itself
a mass of 35 tons, some 12 ft. diameter, by the con-
necting rod % To insure stability and steadiness
in working this powerful and ponderous engine, tho
foundation supporting the cylinder is very strong.
This is formed of a cast-iron framing, ¢ g, weighing
some 75 tons, which is carried and supported by a
mass of masonry having a solidity of some 10,000
cubic feet.

The Blowing Engine for the Blast Furnaces (continucd).

The other class of blowing engine—namely, the
direct-acting high-speed blowing engine—is illustrated
in the diagram in fig. 3, Plate CLVI. In this the
cylinder is primarily supported by a vertical framing,
The “blowing cylinder” is below the steam cylinder,
a portion of which-—the blowing eylinder—is worked
from a cross head by sliding in parallel guides, and
which receives its motion from the main crank-
shaft by side levers or rod. The forms of blowing
engines of this class are numerous, varying according
to the notions of the deeigner; thus, the blowing
cylinder is in some cases placed above the steam
cylinder in place of below as in the diagram. But in
all cases the principle of connection of the acting or
impelling steam-engine cylinder with the blowing
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cylinder is direct—no beam, as in fig. 2, Plate CLVI.,
intervening between them—is adopted in diagram in
fig. 3, same plate, being a representative one of this
principle. A much higher speed of working the blowing
engine is attainable by this direct-acting mechanism
than in the case of the indirect principle as illustrated
in fig. 2. Thus, if we take the average piston speed per
minute of the indirect form at 250 feet, which may be
considered as an average speed, we find that direct
blowing engines.have been worked up to a speed as
great as that of a railway or locomotive engine, which
often goes up to 800 feet per minute. A lower speed
than this—some 500 to 700 feet—muay be taken as
the practice.
Mechanism of the Blowing Engine.—Air Cylinder and Valves.
1n both classes or forms of blowing engines, as thus
illustrated, the principle of the production of the blast
or current of air by an arrangement of valves in the
blowing eylinder is the same, and to this we now direct
the attention of the reader. Let a a o' «, fig. 4,
Plate CLXVII,, represent the cylinder, with its piston
b moved up and down alternately by the rod ¢, actuated
by one or other of the engine movements illustrated
infigs. 2 and 3, Plate CLVI, This cylinder is provided
with an external casing, d d, which acts as the cool or
fresh air supply chamber, air being supposed to have
access to it from the external atmosphere by the pipe or
aperture shown at e. Communication is made between
this chamber ¢ d and the interior of the cylinder a « by
means of two apertures, one at top at f and the other
at bottom at g, —that at f leading to the cylinder at
the upper side, a g, of piston ; that at g to the under
side, ¢’ a. Both of these apertures are provided with
flap valves, which close and open the orifices according
to the direction in which the piston is moving. In
the diagram, _ﬁg. 4, Plate CLXV1L,, the piston b is
supposed to be moving downwards from the top « a to
the bottom a' a’ of the cylinder. The upper valve f is
therefore open, as shown on a larger scale at %, thus
admitting the air from the casing d d to the upper
#ide @ a of the piston b, while the lower valve g¢ is
closed, as shown in larger scale at7. By this arrange-
ment, while one valve is open, giving free access to the
air, the other is closed, preventing its passege in that
direction. The curved arrows 1,2,at /% and+, indicate tho
course of the air in relation to the valves; the straight
arrows 3, 4, the direction of motion of the piston &.
We thus see how far the supply of air to the cylinder
in the upper side, a a, of piston b is supplied from
the air chamber d d through the opening of the
valve f or %, and how it is prevented from passing to
the chamber d d again by the closing of the valve g
or ¢ from this under side, a' a’, of piston, and this
during the downward motion of the piston b.

.
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CHAPTER XXIII.

How to Project Building Plans in Perspective (continued).
WE began in last paragraph of preceding chapter to
describe the putting in of the details, commencing with
the windows, which must be all drawn on the plan,
As the windows on the first floor differ from those on
the ground floor, and the plans of both, if drawn on
the outline plan, would cause great confusion, the plans
of the ground-floor windows should be first drawn on
the plan (in pencil), put into perspective, and then
removed with indiarubber from the plan; the first-
floor windows can then be proceeded with, and in
turn rubbed out to enable the windows over them to
be inserted. Presuming the plans of all the windows
on the ground floor visible from the point of sight A
to have been drawn on the outline plan, connect the
various points of each window plan with tho point of
sight A by means of a set-tquare or straight-edge, and
mark off the intersection on the picture plane; then
from the ticks marking these intersections draw the
vertical lines of the windows on the perspective below,
between the continuous ground-floor window-sill, which
has been already drawn, and the string-course over
the ground-floor window-heads. Then mark off the
various heights of these windows on the respective
height lines, including the top, bottom, and splay of
the stone window-heads, the lines of the horizontal
mullions and the horizontal joints of all the stone
quoins. From these heights marked on the “ height
lines ” draw the lines on the perspective converging
towards the respective vanishing points; the windows
of the front elevation must of course be worked to the
vanishing point v}, and those of the garden elevation
to the vanishing point v. Three lines of height will
be required for these ground-floor windows—namely,
u? for the front drawing-room window, m® for the
dining-room window, and n* for the bay windows of
the garden elevation. When all the ground-floor
windows have been inserted in the perspective, the
window plans on the outline plan must be rubbed out
and the plans of the first-floor windows inserted in
their place, to avoid confusion; the “ticks” on the
picture plane should also be rubbed out. The process
of drawing the first-floor windows in perspective is
exactly the same as that just described for those on
the ground floor. Join each portion of the plan in
turn with the point of sight a, by aid of the set-square
or straight-edge, and mark off the intersections on the
picture plane; then draw vertical lines from these ticks
to the first-floor window-sill of the perspective below.
Next mark off on the respective height lines the heights
of the stone heads, horizontal mullions, and stone

quoins, and connect these points with the vanishing
points v and v}, using v' for the windows of the front
elevation, and v for those of the garden elevation.
For the window of bedroom No. 2 the height line n?
will be required, for the windows of bedroom No. 3
and of the linen closet the height line n? and for the
windows of the garden elevation a special height line
formed by prolonging the line of the slight projections
in which they are placed until it intersects the picture
plane, and then drawing of course the vertical height
line from the intersection down to and at right angles
to the ground line.

For the small openings in the gables of the front
elevation, and the two-light window in the upper
story of the tower, repeat the process described for
the first-floor window, using the same height lines.
To put the front door into the perspective, draw the
plan of the door opening, door-frame panelling, sky-
light, stone quoins, and steps 6n the outline plan, join
the various points of this plan in succession with the
point of sight A by means of the sct-square or straight-
edge, and tick off the intersections on the picture
plane; then from these intersections draw the vertical
lines of the front door where required on the per-
spective below. Next mark off all the heights of the
front door on the height line A"—namely, the apex
and springing of the various members of the arch, the
stone transverse quoins and the framing or panelling
of the door—connect the various points on the height
line with the vanishing point v, and draw the hori-
zontal lines of the frout door. The only remaining
architectural features which hLave to be put into
perspective are the chimney shafts: the plans as tkey
appear above the roof line must be drawn on the
outline plan in their respective positions; a height
line will of course be required for each chimney shaft
obtained in accordance with the rule already given—
namely, by continuing one of the sides until it inter-
sects the picture plane, and then drawing a line
through the intersection down to and perpendicular
to the ground line. The various points of the plans
of the chimney shafts must be in succession connected
with the point of sight A by menns of a set-square or
straight-edge, the points of intersection on the picture
plane ticked off, and vertical lines drawn from the
intersections to the roof below. The various heights
of tke chimney shafts must then be marked off on the

- respective height lines, and the horizontal lines of the

chimney shafts drawn by connecting the points on
the height lines with the vanishing points. If the
height line is obtained by prolonging the face of the
chimney shaft parallel to the front elevation, then
the vanishing point v must be used; but if the face
of the chimney shaft parallel to the garden elevation
has been prolonged, then the horizontal lines must be
drawn to the vanishing point v. This is, of course,
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an application of the rule stated in the preliminary
portion of this paper.

The whole process of putting the elevations shown
on Plate III. into perspective has now been described
—commencing with the main vertical and horizontal
lines and terminating with the minor features of the
building ; if it had been ten times the size, the process
would have been the same,—more height lines and
vanishing points would probably have been required,
but no variation in the principles of the system of
working.

The reader will no doubt have noticed that many
portions of the building shown on Plate III. are
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vanishing point v. The shading or etching of the
walls must be completed in the same manner: thus
he fronts of the bay windows facing the garden eleva-
tion must be shaded or etched with lines converging
to the vanishing point v, whilst their sides which
are parallel to the front elevation must be shaded or
etched with lines converging to the vanishing point v%,
The same rule applies to the two sides of the tower and
of the gable end containing the dining-room window.
Human figures, horses and carriages, cattle and
trees are frequently introduced into the perspective
drawing: they must necessarily be drawn in accord-
ance with the same rules which regulate the perspective
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Fig. 42.

concealed when put into perspective. Thus, the lower
portion of the corner u! on the outline plan, Plate IV.,
is concealed by the projecting bay window of the
library, but the upper portion appears above it; the
window lighting the recess in the hall adjoining the
porch is concealed by the tower, and the portion of the
garden elevation between the bay windows cannot be
seen from the point of sight a.

It is usual to complete the perspective drawing by
more or less shading or etching. The roof is generally
distinguished from the walls by having the horizontal
jointing of the slating or tiling indicated on it ; these
lines must be drawn to one of the vanishing points,—
thus in the tower roof the side facing the front
elevation must have its shade lines converging to the
vanishing point v* ; for the side facing to the garden
elevation the lines of shading must converge to the

of the building; their position must be indicated on the
plan, a line of heights obtained in the usual manner,
and the exact height of the proposed figures ascer-
tained by connecting the heights marked on the height
line with one of the vanishing points. Shadows may
be drawn on the geometric elevations, and can be put
into the perspective drawing by the application of the
principles of perspective. Finally, the drawing may
be coloured more or less elaborately, with sky, fore-
ground, and the surroundings of the building.

We now proceed to the important work of the
draughtsman connected with one or other of the two
great classes of constructive work—architectural and
engineering—which concerns itself with what is fre-
quently if not generally termed ¢ setting out” the
lines of working drawings in the various departments
Qﬁbuilding and mechapies.
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Construotions conneoted with the Spiral.

The first department to which we direct the atten-
tion of the reader is that of constructions or working
lines connected with and based upon the spiral.
These will be found applicable to the work of the
builder as well as to that of the machinist. A
“gpiral” is a line generated by revolving round
a fixed point. Fig. 42 illustrates the geometrical or
common spiral; in this a is the centre or eye, and
through the centre a line b ¢ is drawn, which forms
the centre line of all the convolutions. With the
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in fig. 43 is produced as follows:—Let a b ¢ d, diagram ¢,
be the eye of the spiral. It is divided, as shown in the
larger scale, as at A in the figure. Draw, as in this
diagram A, e d, g f, at right angles, intersecting in
the centre a of the eye, and divide the quadrants
in the points b, %, c and %, and join them as in the
drawing. From the corresponding points in diagram c,
b, h, ¢ and %, draw lines b/, hr,cq, and %j, at
right angles to the lines b ¢, % %, producing those lines
as in the diagram c in the figure. Then, from the
point f as centre, with distance f o, describe the arc

Fig.

diameter of the eyo @ as a radius, from the point d
describe the semicircle ¢ '; from the point a, with a f
ag radius, describe the semicircle /'g. From the point
d, with radius d g, describe the semicircle g 4; and
from the point @, with radius a %, the semicircle % c.
The points @ and d are then tuken alternately as
the centres of the semicircle, and the radius of each
semicirole is always the distance from the point,
being used as a centre to the point of termination in
the line b ¢ of the semicircle last described. All the
semicircles described from the centre a are above the
line & ¢; that from the centre d below it. The spiral
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cutting the line % ¢ in ». From the point e, with
distance ¢ %, describe the are n o, cutting the line b I.
From the point g, with distance g o, describe the arc
o p, cutting the line & p j; from the point d, with
distance d p, the arc p g, cutting the linecgi. From
the point ¢ as centre, with e » as radius, describe the
arc r [, and from g, with radius ¢ /, the arc ! j, cutting
the line £ !. In place of the spiral joining the eye a
by an abrupt line, as at n ¢, it will look better if
it be made gradually to flow into the eye, in the

manner shown in diagram B in the figure: this
may be done by hand.
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CHAPTER XVI.
HaviNG in preceding chapter exhausted the problems
or constructions connected with straight or right-
lined figures, we come now to those having curved
lines as their chief characteristic. Of these the most
important is the circle.

The circle is the surface inclosed by the circum-
ference, which is described from a point, as «, fig. 86,
called the centre, and which is equidistant from all
points of the circumference. The surface of a circle is
equal to the circumference multiplied by the half of
the radius ; for the circumference may be considered
us o regular polygon, of an infinite number of sides;
it is then the perimeter of the circle which, multiplied
by the half of the radius, will give its surface. We
may also obtain the surface of the circle by multiply-
ing the square of the radius by the number 3:1416.
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We call by the name of circular sector, or simply
sector, any part of the circle a b ¢ d, fig. 87, inclosed
between two radii, a 4, a ¢, and the arc b ¢ which they
intercept. A circular sector is simply a sector. The
measure or area of the sector is equal to the are, 4 ¢,

comprised between its sides, a b, a ¢, multiplied by
the half of the radius, @ 5. Thus, a sector of which
the angle of the two radii is 110° would have as
surface the 339 of the surface of the circle of the
same radius,

We call by the name “segment” a portion of a
circle comprised between two parallel chords, as a b,
¢ d, fig. 88, or between a chord, ¢ f, and its are, s g f.

A segment, e g f, formed by a chord a f and its
ere ¢ g f, is equal to the sector formed by the two
radii % ¢, 4 f, led to the extremities of the arc, less
the triangle % e f comprised between them, and the
chord e f of the segment. The segment a bcd,
formed by two chords, is equal to the segment ¢ f « 4,
subtended by the largest chord, a b, less the segment
¢ ¢ d, subtended by the smallest chord, ¢ d.

Curvilineal Figures.

Of these there are a great number, of which the
greater part are formed by different ares of circles
kaving different centres and radii. The principal
carvilineal figures are: the circle, the ellipse, the

g

Fig. 88.
egg-shape, tL. oval, the spiral, etc. All these, save
the circle and ellipse, will be found described in
the papers entitled “The Building and Machine
Draughtsman,”

We now return to the circle, to give a practical
menns of drawing it without the aid of the compass.
Construct a square, a b ¢ d, fig. 6, Plate CCXV,,
having for a side the diameter of the circle which we
wish to draw.

We divide each side of this square into two equal
parts; each of these parts is then divided into a
number of subdivisions, larger in proportion asg we
wish to obtain a figure nearer the true shape of a
circle. In the figure the subdivisions are in number
six, and are numbered beginning in the middle of
each side of the square, so that those on the opposite
sides are numbered in the same order, the number 1
being in the middle of the one side and the number
6 in that of the other. In joining by straight lines the
cétresponding numbers in the adjacent half-sides of
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the square, we obtain a regular polygon, which will
be nearer the true curve of a circle in proportion to
the number of parts into which the sides of the square
are divided. The more numerous the intersections,
the greater the number of points obtained through
which the curved line is to be drawn,

We see, then, by the inspection of this diagram,
that we can substitute for the curve of a circle a
regular polygon of a great number of sides, since the
dingram, presenting u sufficiently regular circle, is
formed by a polygon of only twenty-four sides. This
method of finding points in curved lines by intersecting
points of straight lines drawn in different directions
is applicable to a great variety of constructions of
curvilineal figures, and will be found amply illus-
trated in this paper, and in the series of papers
entitled “The Building and Machine Draughtsman.”

We now give a number of constructions in connec-
tion with the circle, the first of which is a method
of dividing the are of a circle, A M B, fig. 89, Let m

Nty
3
Tig. 89.
be the middle required of this arc: the point M is
equidistant from the points o and B, because equal
arcs, A M and M B, are measured by equal chords.
The point thus is found on the perpendicular raised
in the middle of the straight line a B, and this is
done as already shown. We have only to remark
that, the extremities A and B sufficing, there is no
need to draw a straight line between them,—this

is assumed.

To describe a circle which will pass through three
given points,—By having three given points not in
a straight line we can always describe a circle; and
the problem gives the means of solving this other
—namely, an arc of circle being given, to find the
centre of its circle. It is sufficient, in fact, to take
three points at will on the arc of circle given, and
to make the construction which would serve to find
the centre of a circle which we wish to make pass
through these three points. To find the centre of
a.circle passing through the points a, b, ¢, fig. 90.
Bisect the lines joining theso points—namely, a b, b ¢
—in the points m, m’, and through these draw lines
perpendicular to them, m o, m' o : the point o of their
l.n}e?section will be the centre of the circle. The lines
Jomning the three points @, b and ¢, form a triangle

@ b c; it results thus from the construction that per-
pendiculars raised from the central points, as n o,
m' 0, m" o, or points of bisection, m, n, and m”, of
the three sides a b, b ¢, a ¢, if prolonged sufficiently,
will intersect in the point common to all the three
sides.

To describe on a given straight line a segment
inclosing or containing a given angle.—One can

imagine a solution of this problem by means of
the combination of several problems already solved,
but the construction here given presents a simplicity
which makes it preferable to any other. Let A B,
fig. 91, be the straight line on which wo wish
to describe a segment, A M B, containing a given
angle. Amongst all the angles having their summit
on the arc A M B, and consequently having as
measuremont the half of the arc A M B, we sclect
the one which is formed by the line A B and the
tangent to the point B. If the arc A N B was the
arc wanted, the angle A B ¢ would be equal to the
angle given. We know besides that the centre
of any circle obliged to pass through two points
@ and b is on the perpendicular raised on the middle
of the line « b Thence is deduced the following
construction. At one of the extremities (B, for
exanple) of the straight line given, draw a straight
line, B ¢, which makes with it an angle equal to the
angle given. Raise a perpendicular on the middle,
m, of the line o B; and also at the point B a per-
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Fig. 91.
pendicular to the line B c; these two perpendim}lnrs
infersect at a point o, which is the centre of a circle
of which the segment A M B solves the question. It
will be perceived that we might repeat the same
construction below the line A B, but that the result
would be an arc of circle equal to the arc A M B.
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To find a tangent to a given circle,

First, let u, fig. 92, be a point placed on the
circumferemce of the circle. Since the tangent is
perpendicular to the radius of the point of contact,
we have only to draw the radius o M to the point M.
A perpendicular to this line M o, as ¢ M ¢, is therefore
the tangent required,

Fig. 92.

In the second case let M, fig. 93, be a point outside
the circumference o; let there be a line, M T, passing
through this point and tangential to this circumference
and let x be the point of contact. If we joined o x,
this line would be perpendicular upon MT. We know
then that if we join the point of contact wanted, x,

Fig. 98,
to the points o and m, which are given, the point x
should be on a semicircle described on the line o M
as diameter; and as it is cssentially a part of the
circle o, it should be found at the meeting of the
two circles, and the tangent M T will then be deter-
mined. Symmetrically there will be two tangents:

Fig. 94.
the one below the line o M, as T x’ M/, the other
above, as T X M.
In the third case, where the tangent is to be parallel
to a given line, when the construction is completed,

T X, fig. 94, will be the tangent parallel to A B. The
radius of the circle passing through the point of
contact x is perpendicular to the longest line T x.
and by consequence to the given line A B, to which
the tangent is parallel. If we drop = perpendicular
o P upon the right line o B given, it will cut the
circumference of the circle in the points x and x/,
if prolonged or extended so as to pass through the
centre 0. At these points draw the tangents, as x T
x'T, and they will be parallel to the line A B.

A point being given, as in fig. 95, either within or
without a given circle, to draw through this point a
straight line upon which this circle cuts off a given
length,—first, when the point M is in the inside;
second, when it is on the outside; but we shall only
describe these two cases in one explanation, as it is
identical for both of them. Let A B be the length
which the part cut off should have. All the equal chords
which we can inscribe in a circle are equidistant from
its centre; they are then all tangents to a circle
concentric to the first, and having as radius the
distance of any one of these chords. Hence this
construction : inseribe in the circle given a chord
equal to A B; drop o p perpendicular to this chord ;

< ]

with the radius o P describe a circle, to which we
ghall merely have to draw ome or two tangents
according to circumstances.

Curvilineal Figures.—The Ellipse.

Having in preceding chapters given various con-
structions connected with lines, and of figures from the
triangle up to the circle, we now come to those connected
with what are sometimes called the curvilineal figures,
otherwise and more frequently by the simple term
curves. These are the “ellipse,” the “parabola,” and
the “hyperbola”; and of these the first only—the
ellipse—is strictly entitled to the term curvilineal
figure, inasmuch as, like the circle and the straight-
lined figures as the triangles and polygons, it inscribes
or bounds or incloses a space or surface. The other
term, “curve,” is more strictly applicable to those
curved lines or curves of which we have named two,
the “parabola” and “hyperbola”; to which are now
to be added the “cycloid,” the “ epicycloid,” and the

“inv_'&lyte."



THE WORKMAN AS A
THE WORKMAN AS A TECHNICAL STUDENT.

How T0 STUDY, AND WHAT TO STUDY.

CHAPTER XI.

IN continuation of what was given in the last
paragraph of preceding chapter we have to remark
that it is not so much that the student possesses
much, or would desire to know more, as that he
determines of what he has to make the most. Now,
in this work of self-improvement, self-help is one
of the most important factors, And this self-help
consists, as the very term indeed shows, in the way in
which he applies himself to it. If he be not self-
determined to do his very best to secure success,
that success will never at its best be obtained by him.
In reality, all the help, which the ablest teachers and
the most valuable books can give him, will not be given
him to any practical purpose, unless he aids their
influence by his own individual efforts. All the
help he can possibly get from without will be of no
avail to him in his practical work of study, unless he
works steadily from within. It is but the expression
of a very commonplace truth to say that the work of
a man can only be done by the man. Commonplace
though it be, it is, however, but too commonly over-
looked, or, if known, neglected ; with no end of un-
fortunate results, as wasted lives and useless spasmodic
efforts of many but too abundantly testify,

Self-Help and Self-Advancement in Life of the Technical
Workman as a Student, secured by a Combination of
Intellectual Effort and Attention to certain Individual
or Personal Peculiarities or Idiosyncrasies.

And here also the reader will perceive the other
point to which our remarks lead up—namely, that
this self-help and self-advancement in life can only be
secured by the combination of intellectual effort with
what are called moral attributes. On this point,
indeed, we have already said something ; it will be
necessary for the purpose we have in view to say more.
And in this we trust that we shall be able to realise
the hope we held out, that we might be able to show
how closely it concerns the student and his success in
life, that in his studies as in his work the peculiarities
of human nature, as we find it practically existing
amongst us with ourselves and those we come in contact
with, must be taken into account and made subservient
to our practical purpose. We have indeed broadly
stated that the neglect of this factor in the problem
to be solved had done more than aught else to retard
the true and the rapid progress alike in personal life
and in technical study which the truth would secure.
This position we hope to prove by what we have
yet to say on this vitally important subject of the
workman as a technical student.

We have said that different individuals have different

YOL. IV.
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and differing gifts. This is so self-evident, some
reader may remark, that it serves but little purpose to
tell us what every one knows. But while every one
may agree as to a fact, it by no means follows that all
are agreed as to how that fact is to be dealt with or
utilised. So here, while the truth of the fact we have
stated is self-evident, yet it appears that, although
believed in, it is not acted upon. For how comes it
that, if gifts differ in different individnals, no account
is taken of the fact in the practical education of the
individuals, but all are treated on the same uniform
plan, whether that plan be good or bad, a single
Procrustean rule being applied to all? Procrustes, we
should inform the reader (for we do not approve of
using terms or names which may not be understood),
was a tyrant of ancient classical times, who had a bed
for his visitors. If the length of this suited that of
the intended occupant, well and good, the tyrant was
content ; if he was too tall or long, his feet or ankles
were cut off to shorten and fit him to the bed ; if too
squat and short, the visitor was stretched out on the
rack, with the sameo ultimate end in view. It is to be
hoped that Procrustes had but few on his visiting list.
Practical Injury done to the Cause of Technical Education

by enforcing One System upon all Students alike, over-

looking certain Important Facts in their Lives.

Now, this custom, which, unfortunately, is the rule
in our educational systems, of forcing all the pupils to
pass through, and conform to, a certain rule, a single
or uniform system, must, like the bed of Procrustes,
torture some ; it cannot possibly work easily with all.
No doubt, it may be said that in teaching it is not
possible, from the mere number of the pupils, to have
a system for each, so that it will suit his peculiarities.
Procrustes would, questionless, argue that his system,
amongst others of its advantages from his point of
view, was, at all events, an economical one, as one bed
would be made to do for many, and it evidently did
not suit him to remember that for one class of his
visitors no preliminary operation of fitting was neces-
sary, as what would hold a tall would clearly contain
a short man. So it certainly is cheaper, or, at all
events easier, to have one system of teaching, allowing
it to suit as best it can pupils of varying character,
than to have each pupil taught in such a way that
his progress will be insured and the best education
given him in the quickest way. It may be that the
very number of the pupils to be dealt with in ordinary
schools compels a uniform system of this nature. But
more could be done if more were desired in the com-
mon-sense way of nature. One was asked if he could
play the violin, to which he replied that he thought he
could, but that he had never tried. Teachers may think
that their usual system cannot be altered or modified to
meet the actual condition of pupils. Have they ever
tried? Do they generally try? That some do try is

4
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a doubt, and they are the successful teachers;
but then, with them teaching is a science, not a mere
fmda or piece of handiwork, which no matter how
it iy dono, if done some way, regardless of what the
real results are, is considered finally done,

For let the fact be here remembered, which un-

fortunately is too frequently forgotten, that education
is not like the mere taking of a predetermined amount
of objects and endeavouring to cram them somehow
into vessels of varying size ; when the small vessels have
too much allotted them for their capacity, while the
large ones have too little, and some are altogether
neglected, and have to be content to be taken empty
away. Education is not like this. It is a process of
assimilation of a certain pabulum, so to say, calculated
to strengthen ; and if any one organ of the assimi-
lating body be weak, the first object to be secured is to
strengthen that organ, if possible. Food may be of the
richest quality and most nutritious, yet if the power of
digestion be weak or altogether disorganised, or if the
individual have tetanus or lock-jaw, so that he can
neither masticate nor swallow, what then # One may
starve in the midst of plenty. And how many go forth
from scholastic systems of the most complete character,
where no end of knowledge is offered, almost wholly
uneducated ! The diet, so to say, did not suit their
system, and no effort was made to strengthen their
system so that it could. This system is like that of
some medical men who are not true physiologists,
who, for example, in treating cases of weak eyesight
in young people, give them spectacles—which them-
selves are an evil—simply to get out of the difficulty
in the easiest way. The true doctor would like to
strengthen the eyesight, and tries to do that. But it
is so much easier, requires only the minimum of
thought, to use a palliative than to devise a cure.

The Great Advantage of the Individual or ‘¢ Self-Help

System of Technical Study.

These and like considerations have the closest
possible bearing upon the progress of the technical
student. So far as that progress is dependent upon
teachers, he must take their systems as he finds them,
for there is beyond a doubt a difficulty in even the
best of teachers changing or even modifying their
system to suit various capacities and capabilities.
He will presently see, however, that he may do
much himself to help the system to assimilate it to
his known capacities, But in the case of a student
who is mainly dependent upon a system of self-help
or self-education, it is obvious that, as here he has no
one to control him, he has no excuse for not exercising
his reason in deciding on the details of the system
best fitted for his own capacities and capability,. We
do not here mean—and this we wish the student
(istinetly to understand, for the point is of vital
importance—that this system is that which only
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refers to, or includes, the subjects in the departments
of knowledge which he wishes to acquire ; the system
1o less includes, as an essential part of it, that discipline
of his mental habits by which this acquirement is
greatly aided. We might almost say mainly aided,
For, just as the capacity or cubical bulk of a
vessel dictates or regulates the number or quantity of
objects or material which it can receive, so in like
manner, at the outset or start in his self-education,
the technical workman as a student may find that
his capability to study, or his capacity for the recep-
tion of the facts and truths of knowledge, may be
very limited. And just as we can conceive of a vessel
being so constructed that while in its usual or normal
condition it ean only contain a certain bulk of matter,
it is also capable of expansion, so that when occasion
demands it shall hold more;—so the student will
find that his mental capacitics or capabilities of
reception and assimilation of the truths of knowledge
can by cultivation be made to expand and receive and
retain greater powers than before existed.

And so comes it that what wo have insisted upon
as an essential part of education, required in all
systems in face of it, but absolutely needed in that of
sclf-help and self-education, must be carried out, if true
progress be desired, and this is close attention to the
facts and circumstances of individual existence—the
idiosyncrasy, so to say, of the student. It is idle to
say that, as this involves the consideration of habits
which, according to popular definition, come under
the hend of moral training, it has, therefore, nothing
to do with that of the intellect. 1dle! for this moral
training may go to get rid of a habit which, where it
exists, if it be not directly antagonistic to all progress,
may yet very greatly retard it ; and surely it is worth
while to try to get rid of it. For, if progress be not de-
sired in any waik, why begin to goin it} Better to save
oneself the trouble of the first effort, if the second is
not to be tuken. As we have said, so we say it again,
and it will bear repetition, we must take facts as they
lie before us, human nature as it is,. And as human
nature in any special case—that is, the individual—is a
compound made up of strange and often startlingly
diverse faculties and habits, use of which will and
does exercise an influence upon everything which
the individual does, surely it is but practical common-
sense wisdom—so called, we presume, because in a
good many walks and works of life it is not common
at all—sgo to deal with and treat those that they shall
be subservient, and not antagonistic, to the work we
have to do in life. 'We are by no means alone in the
belief that education generally would be much more
valuable as a real help to this work, if more attention
were paid in scholastic systems or trea‘ment to thelr
d‘% nature. We may partition o, so to say, these
faflilties as intellectual, thoe habits as moral, as if they
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have no connection with each other,and could and do
act quite independently of each other, never crossing or
intermixing with each other ; but despite all our care,
or rather perhaps from having no care at all in the
matter, they will get intermixed and interwoven,
whether we will or no. The web, so to say, of
humanity is made up of two threads of yarn, that of
warp and that of woof—the intellectual and mnoral
qualities of man; and this fact must and does influence
work of every kind done by us, and can no more be
left out of consideration than can the part of Hamlet
be cut out from the play of that name, if it is to be
a play at all. The various points involved in this
dual condition of man as it affects the education of
the technical student, will come up for reference
and consideration, as we treat the subject in a closely
practical way, and in attempting this we would first
draw attention to an important point in the system.

¢t Order ” in Study, or the Sequence with which the Facts and
Truths of Technical Knowledge are taken up by the
Student, & Point of Vital Importance.

This is the order or sequence in which the facts and
truths of knowledge, open to the student, are taken
up or availed of by him., Much time is lost and
effort weakened through having an irregulur system,
—which practically is tantamount to having no system
at all, for system is essentially regular. The habit of
taking things in sequence, or what may be called the
natural order, i3 one which should be cultivated,
forming, as it does, ono of the points of discipline
through which the stndent should be put, or better
still if he put himsclf. The acquirement of the
truths and facts of technical knowledge may begin
with the teacher, his teachings being followed by
those of books and by the observation of the student.
But here it should be carefully noticed by teacher
and student, cach giving the most earnest heed to it,
that if the proper kind of education be not followed,
no real progress will be made. That is, it must be
the continual and persistent application of the mental
discipline, the educing or leading out of the powers
of the mind; this we have already dwelt upon and
enforced, only at this stage reminding the teacher
and student alike of its vast importance. It may be
safely asserted that the great advantages of observa-
tion, for example, to which we have referred, will be
hopeless of attainment if the mental discipline, or the
education of the mental power, has not been strictly
and carefully followed up. Goethe has made the
profoundly pregnant observation, that the eye sces
only what it has the power to see; there is thus
such a thing as the education of the eye, in order
that it may be able to look at and positively see
things. For, as the thoughtful reader will perceive,
things are often looked at, in the popular accepta-
tion of the word, which yet, in the true sense, are
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not seen at all; inasmuch as the mind takes no
cognisance of them, and the memory has no record
of them in its marvellous pages. It is the same
thing in the discipline or work of observation of
things lying around us, all of them full of practical
worth, but only in so far as they can be truly observed.
The mind must take a firm grasp of them before
their full force and significance is realised.

Great Value of the Habit of Observation to the Technical

Student. —Practical Points connected with it.

This point now named must be taken special note
of by the student, for it involves, or rather is, the
most important consideration in, and makes clear
the error of the popular notion that seeing and
observation are precisely the same thing. There
can be no greater mistake than this; and holding
this notion, and, what is worse, acting upon it, gives
rise to great evils. Although a man sees a thing,
it by no means follows that he comprehends or under-
stands what he is looking at. 1t would be more
correct to use the term ¢looks” than that of ¢ sees.”
For a man may look at a thing—indeed, cannot help,
to use the above and the common phrase, seeing it—
yet the mind takes in no intelligent comprehension
of what the cye has seen, must have scen, could not,
in fact, avoid seeing. Secing, truly explained, is
understanding what is seen. Observation, therefore,
which is but another word for the same thing—
seeing—is a ¢ual process: a physical one, in the first
instance, that is, looking at the thing; and sccond, a
mental one, taking in and comprehending what the
object looked at really is. Gocthe remarked, as we
have already quoted, that the eye only sees that which
it has the power to see. Henco it is that the
differenco arises between men as to their ability to
take note of the circumstances by which they are
surrounded. This point may be illustrated by the
curious story of two African travellers, who were
companions during a long journey of exploration in
that country, passed through the same districts, and
had, of course, presented to them the same general
objects. Yet, when the two returned to head-quarters,
they had two very different stories to tell as the result
of their travels. One of the travellers might, like
the “needy knife grinder” in the clever verses of
Canning the statesman, have replied in the same
words, when asked to tell his story, ¢ Story, sir!
why, sir, I have none to tell.” It was in truth so
While his fcllow-traveller had a perfect budget of
facts connected with the districts through which both

“had ‘passed, he had nothing scarcely to narrate.

To his mind the journey had been simply a long
series of alternate walkings, eatings, and sleepings —
“ only this| and nothing more.” Everything to him
had been negative; the other had found something
positive. Amongst other facts of the obsorvant
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traveller he named one, that they had passed through
a district in which elephants abounded, more especially
in one part of it, which was thick with elephants’
tusks,—a mine, so to say, of ivory. As little had
his companion “seen,” to use the common expression,
either the elephants or the tusks which some of them
and their predecessors left on the ground,—so certain
was he that he had not seen the one or the other, that
those at_headquarters began, and reasonably, to doubt
the accuracy of statement of his companion. This
accuracy was, however, ultimately proved by after
exploration, and the information he had given as to
the locality of certain places, etc., etc., was shown
by others who followed him to be absolutely correct.
Thus, in the case of those two travellers, both had
seen the same objects; he who had no story to tell
must have seen what beyond a doubt his com-
panion saw. The whole difference between the two
was, that while both looked upon the same things,
the one not only locked, but saw what his eyes, as
Goethe says, had the power to seo in the usual sense
of the term—the ouly sense, indeed, in which seeing
can be valuable: that is, his mind took an intelligent
impression of the fact that he kad secn, so that once
seeing in this comprehensive, intelligent reading-way
only the exertion of his memory was afterwards
required so that he could remember what he had
scen.  On the other hand, his companion had merely
looked at or seen what he could not well avoid doing,
he not being blind, but which had only been reflected
on the retina of his eye, and had not sunk doeper
to penetrate his mind or brain.

True, like one who looks in a glass and going
away straightway forgetteth what manner of
man he was,” this traveller may have seen and yet
forgotten that he had seen, and what. So that it
may be said that after all it was only a matter of
memory, and a question between the two as to which
had the better one. Now, although we shall have
something to say presently as to what part memory
plays in the technical education of the working man,
and how important that part is, it is to be re-
collected that before one can remember he must
know ; which seems to be about as absurd as to say
that before you can have a thing you must possess it.
But, absurd as the statement may appear to be, it
conveys, like many other paradoxically absurd
statements, a sober and an important truth, one
very often and easily overlooked or forgotten—not
always, indeed, understood. Observations, therefore,
to be of any value, must be intelligent ; the facts or
the story told by them must be read; properly
speaking, without intelligence there can be no ob-
servation. If the reader, not quite intimate with the
inner or leading meaning of words, not merely of

those purely technical but of those used in ordinary
writing and conversation, wishes to know what we
precisely mean by the above sentence, when saying
that facts must be “read” before they can be of
value, he should under the word “intelligent ” consult
the ‘“Cyclopeedic Dictionary of Technical and Trade
Terms " in this work, giving the derivations of words.

The Habit of Sound Observation can be greatly Oultivated,
like any other Gift.

Some are gifted with remarkable powers of obser
vation, taking the term in the above, the only true,
conception of it; some have it only moderately ;
while others seem to be totally deficient of it. That
it can be cultivated is beyond a doubt. Some do not
believe this, or, at all events, act as if they believed it
not. As the muscles of the brawny arm of the black-
smith, which look like knitted and knotted wire, were
not formed at-first, but got stronger and stronger
the more he wielded his hammer, so the power of the
eye to see can be and is strengthened by its judicious
use. And this judicious, common-sense use is ex-
emplified by the experience and practice of the black-
smith., He did not at first, in his apprentice days,
take up the heaviest hammer, and try to give with it
the hardest stroke upon the iron bar resting before
him on the anvil which men could give. He began
by degrees, and cach week’s work found his arm the
stronger and his eye the quicker, till at last, like old
Thor, he showers down upon the hissing hot iron
blow after blow, and this with a hammer which he
could scarcely have lifted, far less wielded, in his
youthful days. So by slow and sometimes painful
effort we can cultivate the power of observation.
Some student may say, How can I cultivate what I
have not got? To which we reply, How do you know
you have not got a gift or do not possess a certain
thing? A man often has in his house a certain object
of the existence of which he is absolutely ignorant,—
so much so that if asked if he had it, he would at once
say he had it not ; and quite truly. And he would,
under ordinary circumstances, only become cognisant
of the fact that he did possess it when some occasion
showed that he required it, and the necessity to
have the object might, before he went elsewhere,
urge him to look over his own stores. The first step in
getting or finding a thing is to be impressed with the
wish to have it. Before any student, therefore, decides
that he has no power of observation, let him try
to find out whether he has or no; and this can only
be done by exercising it. The very first exercise of
it, we venture to say, will result in his being able to
exercise it a little easier the second time; and each
successive effort will bring increased strength to make
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THE GRAZIER AND CATTLE BREEDER AND
FEEDER.

THE TECHNICAL POINTS CONNECTED WITH THE VARIETIES OR

BREEDS OF CATTLE-~THEIR BREEDING, REARING, FEED-

ING, AND GENERAL MANAGEMENT FOR THE PRODUCTION
OF BUTCHERS' MEAT AND OF DAIRY PRODUCE,

CHAPTER XXII.
The Pasturing System in Relation to Certain Habits of the
Btock Fed under it.
But there is another and a most important point yet
to be considered in relation to the system of pasturing.
And it involves a very important point in practica
feeding—namely, that the quickest return for the food
consumed is obtained when the animal being fed or
fattened is allowed to remain quiet. All animal or
physical exertion or fatigue is virtually expenditure
of food. And all food which goes to meet the demands
of physical exertion is just so much lost to the process
of adding to the flesh or fut of the feeding animal.
Food is their vital force, and if, as in the case of the
horse, we desire to have that force expended in carrying
or dragging work we feed the animal with this end
in view,—so0 much only of the food being allowed
to go to the keeping up of the physical condition
of the animal. We do not feed a horse to fatten
him, but to get muscular force out of him. The case
is different with fatting cattle and with dairy
cows. In the case of the cattle we wish to get as
much as possible of the food we give them returned in
the shape of juicy joints of flesh and fat; in the case
of the cows as much as possible—without otherwise
injuring the condition of the animals—in the shape
of milk rich in butter and caseine. Now, the produc-
tion of these articles is greatly aided by keeping the
animals in a state of rest and freedom from all worry
and excitement. This rest or repose, so conducive to
the formation of fat and the production of milk, can
be obtained to any due extent by the system of soiling
or house feeding—it cannot by that of pasturing. In
the system of out-field pasturing the animals keep
roaming about nearly the whole of the time they are
out, with the exception only of the time they are lying
down to chew the cud or ruminate. This roaming
about the field is not only for the purpose of finding
out the best grasses, but to avoid the patches of grass
to which we have already alluded, and those also which
have been recently fed upon or off by other animals,
or even by themselves individually. For grass recently
breathed upon or salivated is rejected by them for that
which has only the fresh air and the dews of heaven
resting upon it. This perpetual roaming about
requires 80 much exertion to be made, and this so
much food to be consumed, which otherwise would
have gone to the products particularly desired by the
feeder. And the evils of this state of continued

restlessness are, of course, greatly aggravated in hot
weather, when the attacks of the flies are so persistent
and painful, that to escape them the tortured animals
are kept in a state of perpetual excitement; and but
too frequently they are goaded—or gadded (an appro-
priate technical term in connecting the gad-fly as a
special cause of this animal torture)—to fly or gallop
to and fro over the field in a too vain attempt to get
rid of their tormentors.

All this is most detrimental to the process of fatting
cattle, or of milk production. And another cause of
loss in pasturing arises from the lack of uniformity in
the temperature to which the animals are subjected.
All food which goes to keep up the heat of the hody
only is so much lost in the way of fatting or in milk
producing. If we can keep the bodies of the animals
in a temperature sufficiently high to make them, so to
say, comfortable, none of the food they have partaken
of is required to go specially to the production of the
heat necessary to keep up the temperature of the body
to the point required. This cun be done with compara-
tive ease in the system of house feeding or soiling,
where shelter from cold winds and biting frosty air can
easily be secured. It cannot be done in the system of
pasturing, where the temperature, however cold, cannot
be raised, and where, as an almost universal rule,
little shelter from cold winds and none whatever from
drenching rain can bo obtuained.

The Boiling or House 8ystem of Feeding Stock.

It is for reasons such as those we have now named
that advanced agricultural opinion is wholly in favour
of an extension of the soiling or house-feeding system
Even the most ardent advocates of the pasturing or
out-field system admit that it has grave defects ; and
theso the most enlightened advocates of it try to get
rid of, or at least lessen, by various practices. Some of
those we have alluded to, such us tethering the cattle
or cows to one particular part of the fiehd—so that
after feeding off the rich grasses they lie down and
allow the food they have consumed to go to its legiti-
mate uses. The ficld, in such a system (which,
however, has been very sparingly introduced into
practice), is of course so divided into lots or parcels
that any one lot fed off is not returned to by the
animal ; and if the field is of small extent, another is
taken, until the first-fed-off lots have recovered their
grassos in large measure. Others who adhere to the
pasturing system, fully aware of its defects, endeavour
to get rid of some of the worst of thewm by providing
shelter sheds into which the animals can go.

But there is yet another point which closely affects
the question as between the pasturing and soiling or
house-feeding systems; and that is, that of the value
of grass as a food compered with other feeding sub-
stances, Valuable as grass is, as forming one of the
varieties of food upon which cattle and dairy cows are
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fed, and as taking part in those changes in feeding
found to be so beneficial to them, it is not per se so
nutritious as other foods which can be cultivated by
the farmer. However clearly this is shown by chemi-
cal analysis, it may be however questioned whether
there is not a * something” which chemical analysis
fails to detect in grass, which gives it, if it gives
nothing else, that flavour which seems to make it the
most grateful food to the ruminating animals of the
farm. That the least economical method of feeding
farm stock upon grass is that of pasturing them upon
it, we have no hesitation in stating ; and if our readers
will remember what we have said as to the system,
they will probably agree with this opinion. By
adopting the soiling or house-feeding system, cutting
tho grass over different parts of the field, or from
fields bearing special crops of what are called artificial
grasses, such as Ttalian rye grass and other succulent
crops, tuking them in rotation, and carrying it to be
eaten hy the stock in the house, the largest amount of
cconomical feeding will be obtained.
Details of the 8oiling or House-feeding System.

The grass land in this system however, it is scarcely
necessary to say, should be kept in the highest con-
dition of cultivation. It is but too frequently the
case that in many districts this is so far from being
the rule, that an authority has declared it to be his
opinion that, taking the average of the grass lands
throughout the kingdom, they yield but little more
than half of what they would or could do if they
were attended to as carcfully as other parts of the
farm. ‘Whether this be a true estimate or not, certain
it is that grass lands could be made to yield much
more than many now do by superior cultivation,
and the system of house-feeding would, as we have
seen, lend itself admirably to and greatly aid this
superior cultivation. The crops of grass obtained
from fields from which cattle were excluded would be
larger than those got from them under the ordinary
system, where they are admitted to them. One great
benefit would certainly be obtained by more careful
cultivation of grass lands,—and thatis, that the weeds
would be got rid of. Few comparatively are aware
of the extent to which weeds are grown from year to
year as part of our pasture grasses, to which they
give no value, but, on the contrary, tend greatly to
deteriorate it. To such an extent are they permitted
to form part of pastures, and so firm a hold are they
allowed to take of the land, that they may be said to
dominate in many fields, forming actually the largest
part of the produce. Now, weeds cannot stand against,
50 to say, high or good cultivation. The administra-

tion of farmyard manures, with judicious applications

of certain artificial ones, such as the nitrogenous
manure known as nitrate of soda, will, along with
other careful management, soon cause weeds and

noxious and poor grasses—which, in fact, ought to be
classed as we class them, as weeds—to disappear, and
their place to be taken by grasses of a superior kind.
The seeds of these may be judiciously sown down.
But it is a curious fact, well known to many practical
farmers—who, however, do not always make the
knowledge practically valuable to them—that under
superior cultivation the weeds which it compels, so
to say, to disappear, are replaced by superior grasses,
which have been present in the soil, but which have
remained dormant while the weeds or noxious grasses
have had possession of the ground. For it is a curious
circumstance that while weeds, if left alone, not only
continue to grow, but to dovelop themselves towards
perfoct growth, becoming better and stronger every
season, good grasses, if left to themselves, deteriorate
gradually, die out, and are succeedod by weeds, which
have the greater inhorent dominating power. This,
beyond all doubt, although deemed to be different
by many who grumble at it, is a wise and benefi-
cently ordained law. 1t clearly offers the best
incentive to well directed labour ; and it promises, with
few chances of those promises being unfulfilled, a
valuable return for such labour as may be given. The
point is beyond dispute that our grass lands are
capable of great improvement, and that if careful
cultivation were given, as a rule, to those throughout
the kingdom, we should add by it very largely to our
foeding resources, and so directly lead to an increased
number of cattle being fed, thus again adding greatly
to the food resources of the people.
Buccession of Crop Cultivation for Stock Breeding.

But while this is true, and while the lesson it ‘con-
veys should not be lost sight of, the fact remains that
the feeding resources of our farmers would be increased
in the most direct and most profitable way, not by
extending, as has been so widely advocated of late,
the acreage of our grass lands, but on the contrary by
increasing that of our arable lands—that iy, by adding
to the variety and number of our feeding crops,
making these subservient to a well devised, carefully
thought-out and judiciously applied system of house-
feeding or soiling. We have seen that while our food
crops are exceedingly limited in number, feeders in
other countries have at their command a much greater
number. And of those it may be said that they are all
capable of being profitably cultivated in this country.
But even taking such food crops as we already possess,
and which are cultivated with such success by so
many of our advanced farmers, we have enough to in-
duce us to carry out a more profitable system of cattle
and dairy-cow feeding than that which is the rule in
this country. What is wanted is not so much the
introduction of food crops at present unknown to our
farmers, or if known not cultivated by them, as the
extenged cultivation of those with which they are
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already familiar. We do not, however, advocate the
the doing away with pasture and meadow grasses
as part of the food-producing lands of our farmers.
Meadow land will always be required ; and pasture
grasses will always, under a judicious system of
feeding, take a useful part in the changes of feed-
ing which this system will demand. But we do
advocate the extension of a system which will do away
with a considerable proportion of grass lands which at
present are anything but productive, and which, even
under better cultivation than is now given them,
cannot yield the same amount of feeding produce
as the same extent of land put under arable culture,
for the raising of a variety—more or less wide—of
nutritious food crops. But if in the future grass
lands be still the leading food resource of our feeders,
we nevertheless maintain that they never will yield
the profitable results under the present system of
out-field or open pasturing as they will do if used in
conjunction with the systems of soiling and of house-
feeding.

We have now to explain, as briefly as may be, what
are the peculiarities of the soiling and house-feeding
system here and in various parts of this chapter
alluded to. The terms here used are often considered
as synonymous, but there is in practice this clear dis-
tinction between them. The term soiling is generally
used in connection with the word snmmer—* summer
soiling,”—and this in correct technical language means
the system of keeping up the animals in the house
during the summer months, or throughout a certain
part of them—supplying them with grass cut from
the fields, whether this be natural or artificial grasses,
such as Italian rye grass, clover, ete. House feeding—
which is perhaps more widely, as it certainly is more
definitely termed ¢ stall feeding ”—on the contrary, is
that system on which the cattle or cows are “kept up”
or ‘“housed ” all the year round ; necessitating a par-
ticular kind of farm cultivation to supply them with
certain feeding substances, and the adoption more or
less of what are known as “ artificial,” or more popu-
larly “cattle foods.” The practical difference between
the two systems known as “soiling” and ¢stall
feeding ” may be said to consist in this,—that stall
feeding means the housing or feeding of the cattle or
cows under shelter throughout the year, while soiling
is house feeding during a part, and this the best part
of the year, and hence the term summer soiling, by
which it is best known. Summer soiling is frequently
adopted, not from any idea that the principle of house
feeding is the best and the most economical, but
because from one circumstance or another, such as a
dry season or the like, the pastures are too poor to
admit of grazing, or the heat is so great as to make
the gad-fly—a plague at all times to poor cattle
exposed to its attacks—a greater plague than usual,

and from the circumstance that there may be good
crops of artificial grasses; or, if a greater degree of
forethought has been given to the cropping of the
farm, a fair supply of some special food, such as
cabbages, rape, green rye, or vetches. This latter
circumstance alone almost invariably decides the
farmer to adopt the ‘‘ summer soiling” system; in-
asmuch as it takes no great degree of experience
to know that the only economical method of con-
suming such special crops is to cut them and take
them to the house where they are supplied to the
animals, precisely in the same way as hay, turnips,
or artificial foods are given under ordinary circum-
stances of house feeding. And one would from
this be inclined to expect that farmers, seeing the
economical advantages of thus giving cut food under
what they call unusnal or abnormal circumstances,
would, as a matter of course, try or at least thought-
fully consider the advantages of the system of house
or stall feeding as a regular part of the work of the
live-stock farm.
The Soiling System (continued).

‘Whatever the reason, it is, however, the fact—and it
is with facts that practical men have to deal—that
house feeding, whether it be occasionally adopted, as
in summer soiling, or form an integral part of the
ordinary work of the farm, being carried out all the
year round, is but little practised in this country.
Perhaps the only circumstances under which the com-
plete adoption of the house or stall feeding system is
met with, and this year after year, are those under
which dairymen live in towns, where land even for
exercise grounds cannot be had, or in their immediate
neighbourhood, where, land being scarce and excep-
tionally dear, only a limited area can be had for
this purpose. And even in such cases it is but seldom
that the cows are turned out for a brief exercise or
airing ; this being confined to the calves, if calves are
reared in the dairy (a by no means general system), or
to sickly cows, who may not have any serious disease
but are “only a little down.” If we wish to know what
the system of continuous house or stall feeding is,
we must go to the Continent, where, taking thisas a
whole, it may be said to be universally practised. It
is also practised, we believe, and this to a considerable
extent, by at least the advanced farmers of the United
States and in some parts of Canada. But wherever
practised, with careful attention to its details, it affords
abundant evidence that it is so far a thoroughly eco-
nomical method of consuming food that, wherever
systematically and carefully carried out, a certain
acreage devoted to its crops will keep a much larger
number of cows, or fatten a greater number of cattle,
than the same acreage would do under the old, or as
we should rather call it, the present system practised
in Great Britain,
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CHAPTER IX.

Bur while scents anything but odoriferous, and
sights not all pleasant to the eye, would be a necessary
concomitant of a town in the days gone by, drained
on the open channel or gutter system, they would
rarely—indeed, scarcely could—Dbe in the most concen-
trated form; and even where the gases arising from
neglected and rarely hand-cleaned or rain-flushed-out
gutters were pretty strong, it would be & rare thing
for such strong gases to be passed directly into the
interiors of the rooms of the houses. Before they
could reach the height of the open windows, through
which they would most easily pass to the inside of
the rooms, diffusion would have been curried out to
such an extent as to render the aerial poisonous
gases comparatively innocuous, if not in many cases
wholly harmless. It is not at all disputed that the old
gutter system of town drainage gave rise to exhalations
of a noxious kind, which so contaminated the air
surrounding the houses that pestilences were often
thus directly caused. But the reader must take
careful note of the fact that this great evil was not
a necessity of the system. On the contrary, it arose
from the neglect of our ancestors in availing them-
selves of the very advantages which the system
beyond all doubt presented for preventing all danger
from allowing putrescent matter to remain for a long
time in the open gutter or the cesspools as frequently
left open, and also from the midden or open dung-
heaps. If our ancestors had but learned the lessons
which every day's experience might have taught
them, and which their successors did in time learn,
they would have seen the connection between long
neglected collections of putrescent and decaying
substances, whether present in long lengths of open
gutters, or-more concentrated in cesspools and dung
heaps, and certain forms of complaints and diseases
strikingly dangerous. And if they had learned these
lessons they would instantly have perceived that the
very system of drainage which they had amongst
them gave them remarkable facilities for getting rid
of the causes of these sanitary evils. Nothing could, in
fact, have been easier than to have kept their gutters
clean and their cesspools in a lessened condition of
danger. No doubt this would have involved labour,
—it would have been a trouble to them, as all labour
seems to man naturally to be,—and this labour they
did not choose to give, this trouble they would not
take, with such results as history tells us of. The
great probability is that our ancestors did not at all
perceive the close inseparable connection - between

dirt and disease, putrescent gases and ill-health.
This, indeed, may be said to be an almost certainty ;
if we are to judge from the slowness with which we
as a community have learned this great sanitary
truth, and the still greater slowness with which we
have applied it, and are even now applying it, in
our public and private sanitary practice. The fact,
indeed, is but too obvious, that even now there is a
very large proportion of our population who have
yet to learn the great sanitary truth above named—-
the close inseparable connection there is between
dirt and disease. We thus see how great must the
excuses be for our ancestors acting as they did in
neglecting to make practical use of the advantages
which their system of ¢“open drains” or gutters
afforded them, to keep the air of towns sweet and
pure, and yet at the same time get rid of their
domestic and trade refuse.

And it is a curious, and if cur readers will but for
a moment think of it, & most suggestive commentary
upon what we hear so much of now-a-days—the great
progress made by us nineteenth-century people in
all branches of the arts and sciences—that in view of
the evils which our modern system (the second era
of house drainage history) of drainage gives rise to,
some of our most advanced sanitarians wish that it
were only possible to return to the old or first
system, which we have just been considering, which
in itself and if properly worked possesses all the
advantages demanded by a perfect system of drainage.
And we shall see, as we proceed, that the most ad-
vanced or perfect systems of house drainage now
being practised are simply efforts to attach to our
system of. house drainage those peculiarities which
constituted the chief and the safe features of the
old or open channel or drain system. How this
combination is proposed to be effected, and what are
the features of the modern system of drainage, will
now be explained.

Two Eras or Periods of Drainage Work,

In preceding paragraphs we have glanced at the
two eras or systems in the history of house and street
drainage—those being the open channel or gutter and
the closed channel or drain systems. In the chief
features of the older of these two—or the open
system—there is a close application of some of its
principles to the method of close drainage. This,
the last or most recent development of the art, is
found to be divisible into two methods or systems,
each characterised by its own peculiar features.
Those are, first, the earliest period of the closed
drain system, in which the drains were constructed
of brick or stone, sometimes of wood ; the forms of
these being as various as the notions of various
artificers, each of whom was guided by some empirical
rulgggr other—often, indeed, dictated by mere chance
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or whim, but of all of which it may be said that they
were in no wise based on what correct principles
indicated., The work of this whole era of brick or
stone drains seemed to be done in almost every direc-
tion as if there were no scientific rules to guide at all.
And as the work of this class is by no means extinet,
and is followed with great pertinacity by not a few
artificers in many districts, it will be productive of
gome practical results if in due place we notice what
its faults and errors were and are. The recond period
of the modern system of closed drainage introduced
with a far higher scientific aim a class of work so
distinguished, alike by the shape or configuration of
the drains and by the material of which they were
made, that it may be named as the age or period of
stoneware tubular drains. The forms which these
stoneware or vitrified drains assumed were two in
number : the perfectly circular—to which the term
tubular is perhaps most correctly given ; and the ovi-
form or egg-shaped, sometimes the oval or elliptical
shaped. The circular tubes were the smallest in
diameter, and were used for the minor or special house
drains, from which comparatively small volumes of
liquid refuse had to be carried away. The egg-shaped
or elliptical drains were used for branch drains or for
large houses, and where the volume of liquid refuse
was considerable. The same form was also used for
the large street sewers, and which according to their
dimensions were made either of vitrified stoneware,
as in the case of the smaller tubes circular in section,
or of brick in the case of the very large sewers
required for populous districts, or for the sewers of
final discharge into which the whole of the minor
drains led, as place or locality required. These forms
or sections of the tubular drains of the last or most
advanced period of house drainage were based on the
strictly accurate deductions of hydraulic science, of
which house drainage is in reality an important
department.
Characteristios of the Tubular or Modern System of
House Drainage.

In this system the drain tubes were laid in con-
tinuous lines, and so provided with means of forming
water-tight joints, that when laid ¢n situ or place of
permanent position the collective series of individual
tubes formed practically a long continuous pipe,
capable of passing liquid from end to end in such a
way that none of it passed through the joints to the
soil in which they were placed or bedded ; percolating
through and saturating it with the foul matter of
the drainage liquid—designated almost universally

as ‘“sewage.” The form or interior section to the -

tubular drains was not only that which the principles
of hydraulic science showed to be the best adapted for
conveying as quickly as possible the liquid refuse from
the houses to the place of final deposit ; but the tubes

were 50 bedded on an incline that this quick removal
was still further facilitated. The small-sectioned
pipes were all led as directly as possible to the street
sewer, and a junction between the two carefully
made. Practically, therefore, the smaller drains and
the larger street sewers or drains formed a continuous
hollow chamber or conduit of varying length—the
primary opening of which was at or within the house
the liquid refuse of which was to be removed, the
secondary or final opening at the drain. There was
thus formed an underground or subterranean passage,
which, while it afforded facilities for the liquid to flow
from the houses to the street sewer, as clearly afforded
facilities for such air or gases as were from one cause or
another forced or allowed under pressure to pass in the
opposite direction—that is, from the sewer or from
any part of the smaller drain, where gases were being
formed, towards and often into the house. That this
was an obvious evil will be at once perceived, and
to obviate it various contrivances and methods were
devised. We shall see, in explaining these, how far
they were calculated to effect the object in view—
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