








THE INDUSTRIAL SELFINSTRUCTOR.






THE

INDUSTRIAL
SELF-INSTRUCTOR

AND TECHNICAL JOURNAL.

CONTAINING INSTRUCTIONS IN

The Leading Branches of Technical Science and Fndmstrial
Arts and Processes.

COMPRISING

BUILDING AND MECHANICAL DESIGN AND CONSTRUCTION -
MATERIALS USED IN THE ARTS AND SCIENCES—
MANUFACTURKS — CHEMICAL INDUSTRY—

ART MANUFACTURES—RURAL WORK—
TECHNICAL DRAWING AND DESTGN;

WITII PRACTICAL USEFUL AND TECHNICAL NOTES, FACTS, AND FIGURES,
FOR READY REFERENCE.

BY NUMEROUS PRACTICAL WRITERS AND TECHNICAL EXPERTS

Profuselp Jilustrated
' WITH
WORKING DRAWINGS, DESIGNS, AND DIAGRAMS.

VOLUME 11. SNy )

WARD, LOCK, AND CO. '
LONDON: WARWICK HOUSE, SALISBURY SQUARE, EC,
NEW YORK: BOND STREET.

(AU rights reserved.]

B O it & o Bomlay.



2 THE DOMESTIC HOUSE OR HOME PLANNER OR DESIGNER.

called upon to erect or see erected, he must not
suppose that wo forget or overlook the claims of the
design, or as it is popularly called the style of archi-
tecture, of the house. We are fully alive to the high
purposes of what, for lack of a better term, is known
somewhat vagunely as “the beautiful in art” in the
life of man. 8o high, indeed, that no architect or
builder should, even if he could, ignore its claims to
his most careful consideration. But while we must,
and to the fullest, admit the high purposes which
beauty of form and of character give, say to a casket,
we still contend for the accuracy of the principle
which demands that the casket should itself be truly
fitted to fulfil the purposes for which it is confessedly
or professedly made. Fitness, therefore, must be
considered in every design of a house —fitness for the
purpose for which the house claims to have an exist-
ence. On the importance of fitness in design or style
of architecture, we could say much here, but the
reader interested in the points of the discussion
connected with it may find something of practically
suggestive value in the several papers in this work
more or less directly concerned in what is popularly
called design,—such as those under the heads of “The
Cabinet Maker,” “Form and Colour in Industrial
Decoration,” and in the papers on “Ornamental
Construction in Wood, Stone, and Metal,” or in the
paper “The Ornamentul Dranghtsman.”

The Design or Style should be subordinated to the Plan of

the House,

But this principle of “fitness,” which cannot be
ignored, or if mnot positively set aside, minimised,
without loss, demands that while the design or style
of a house chall be carefully attended to, it must be
subordinated to, and tend to secure completely the
object for which the house is to be erected, which
object is, in fact, the very reason of its intended
existence. That object is neither more nor less than
this. That the house be fitted to live in, and that
living in the widest sense demands, not only attention
to health, but to comfort, this being, as we have in
preceding paragraphs attempted to show, dependent
upon what are called the conveniences of the house.
Simply obvious as this consideration is, it nevertheless
is true that to its being so often overlooked by somo
architects and builders we owe the fact that we have
so mauy ill contrived, most inconvenient houses,
characterised by more than one of those faults in
planning, to some of which we have already directed
the attention of our readers. This unfortunate result
—unfortunate in but too many ways for those who
‘nhabit the houses so designed and planned—arises
from the fuct that young or inexperienced architects
are so much interested in the external design, that
their plan is entirely subordinated to this. There are-
many considerations existing to account for this ten

dency of some young architects, but which need not
be alluded to here further than to say that there exists
a temptation to make n house design a vehicle, so to
say, for the conveying of certain notions or crotchets
they may have as to what style of architecture is
best applied to house decoration or beautifying. 'This
should be met by a strong determination to resist
it. As also in the case of that other temptation,
go strong with some architects at the beginning of
their career, which nrges them to make a ¢ design,”
the characteristies of the style of which shall at
least be this. Tt will show to all men who look, or
care to look upon it-—or advertise the fact, so to
say—that they sre able to design pretty, clegant,
fine or beautiful houses, or by whatever title their
claim to consideration may be called. But whatever
be the inciting cause, whatever the temptation, it is
nevertheless the practieal fact, in such a supposed ease,
that the design or external style of the house being
the main thing with such avchiteets, its plan is so
entirely subordinated to the design or style external,
that it may or may not. be inconvenient, but whether
or no, or how, it must give way to the demands of
the style or external design.

Practice of Careful and Experienced Architects in relating and

subordinating the Design to the Plan.

The extreme case above named may not be met
with very frequently, but met not altogether
scldom it is.  Experienced and true arehitects know
well that there is something more than external
design or style of the house required, and that it
will he but a poor place to live in if the claims of
the plan are overlooked or their importance mini-
mised. They know that the only safe rule to follow
is that the plan shall dictate the design, not the
design the plan. They keep steadily in mind the
vital truth that a house is a plwe to live in, not
primarily to look at only. They remember that,
as living comprises many details, the first thing to
do is to make sure that the plan or internal arrange-
ments and the conveniences of a house shall, to the
utmost extent, meet the requirements of this “ living,”
and that he will be but a poor architect who cannot
conform his design to the plan or internal arrango-
ment of the house thus carefully considered to be the
best, and yet make the external design in all respects
good. Our belief, in fact, in this matter is that this
system of working—and which we maintain without
fear of its accuracy heing disproved—-gives an in-
finitely wider and higher scope to ability to design
or adapt a style or design, than the other system of
making the style the primary point, and torturing
more or less the plan or internal arrangement, so that
it can work in as best it may with the form of
outline which the design or style primarily decided on
hss more or less necessitated.
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THE ROAD MAKER.

His WORK IN THE LAYING-0UT OF ROADS IN RURAL,
SUBURBAN AND TOWN DISTRICTS, THEIR (CONSTRUC-
TION, REPAIR, AND IN THE CHOICE AND USE OF THE
VARIOUS MATERIALS EMPLOYED.

CHAPTER T1II.
Tue last paragraph in preceding chapter concerned
itself with the cross section of the road, and we there
gave the proportion of convexity to a given breadth.
This small curve or rise shonld not be by two planes
meeting in a ridge at the mid-brendth of the road ; but
one-third of the horizontal breadth of the road, at each
side, should be divided into four equal parts, and the
rise at cach segment sheuld be increased in direct pro-
portion as the distance increaves from the extremities
of the breadth of the road.  These slopes will then be
straight planes; and the connecting arch spanning
over the middle third part of the horizontal breadth of
the road, and to which the slopes at the sides are tan-
gents, iu order to oblain a correet form of conveaity,

!
¥
particularly in roads of great breadth, should be divided
into eight equal parts.  The best form for the middle
convexity of a road is a parabola.
Rule and Diagram for describing the Curved Form of a Road.
Tn order that the rule about to be given for describ-
ing the curved convexity of the middle portion of the
road may be more readily comprehended, the following
dingram, representing ome-half the section of such
convexity, is given in fig. 3 ; in which a b ¢ d ¢ is half
the parabolic arch; 7 o half the ordinate termi-
mating in the curve at the point of centact, a, of the
inclined plane of the slope of ono of the sides with
the arch of the curved portion of the convexity of the
road ; /' @ is a portion of such inclined plane; A b,
t ¢, k d, are three abscisse of three diameters of the
curve, at equal distances from each other, and extended
without the curve to meet the tangent /@ produced to
g in the several points n, 0, p; [ ¢ is an abscissa of the
axis of the curve by the semi-ordinate { a, and extended
beyond the curve to meet the tangent produced to ¢ ;
and « ¢ is o portion of u diameter of the curve from

the horizontal level of the breadth of ‘he road, and
meeting the curve at the point of contact, «, of the
inclined plane of the slope of one of the sides with
the curved convexity of the middle of the road. The
length of the diameter of which @ ¢ is a portion, or
the height of the inclined slope of the side above the
horizontal level of the breadth of a road, is the product
of the height of the crown above the horizontal level
of the breadth of a road multiplied by *8,

The semi-ordinate { « being piurallel to the horizontal
level of the breadth of a road; the straight line « g
being the extension of the tangent of which « fis a
portion ; the lines &, <0, & p, and 7 ¢ heing parallel
to each other, and at right angles to « {; then, the
right-angled triangles a 2 n, « ¢ 0, @ & p,and « 1 g
are similar to each other, and to the right-angled
triangles formed by the dinmeter of which « ¢ is a
portion, one-third the horizontal breadth of a road,
and the length of the slope of the side.  The nhscissa
f b is [ths of 4 m, the same abseissa produced to meet
the tangent at n; the abscissa ¢ ¢ is Jths of ¢ o; the
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abscissa & d is fths of L p, and the abscissa e is )
of Iyg. (For the mathematical terms here used see
the series of papers under the hend of “The Geo-
metrical Draughtsman.”)

Supposing a road to have u height at the crown of
its surface of 1 above its horizontal to n breadth of 60
feet when completed, and a height of 1 to 80 previous
to the covering being laid on, the following table of
the heights for both rates of rise at the several divisions
of the breadth when it is 1 is obtained from the fore-
going facts, by which to caleulate the suid heights for
any given breadth of road :

Height at the

crown 1 to 60
of breadth,

Hoight at the
crown 1 tn 80
of breadth.

1. 1-12th of breadth . o . 22 ( 003’ '0021}’
2. ., . N ”:_ ! (06’ 008 ,
s " - £% o’ 0075
4, woowte) o ZEl o 01 )
9. 1-24th wooatsls o 0147916 01100375
0. ,, Pooaters 22V oy 001875
1n. ., " at d)™= BT | ‘016 4885 01231376
1., » atcrowne @7 1 016’ 01,6
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Rule to find the heights at the seceral potnts on the
surface indicated in the last diugram.--Multiply the
breadth of the rond by the multiplier in the foregoing
table, for the height at the point of the breadth that
may be required, and the product will be the height
sought. The following are examples of the above :—

Required the several heights of the surface of the
cross section of a roaud when completed, the breadth
being 45 feet.

The product of 45 multiplied by 003’ is 1p
» ” . -um';’ ” -3’_’
” ”» ” 0] ) y ‘:')
” 2 ) ‘013 ’ 6 )
" " " OITIE 66
» ” ” 01583 " 'i] '
» »” ” 0161583 " '14,
» " » 016 M £

Required the heights above the horizoutal of the
surface of a rond previous to the covering heing laid
the breadth being 36 feet, and the iate of convexity
being 1 foot at the crown for 80 feet of breadth.

The product of 36 multiplicd hy 0025 is 00
” " > 000 " l:«'
”» ” M 0075 “ :_: X
» ” " 01’ Y '.lm(r,
” ” " OTO93TE w3y
) " 9 '“”."w.»'—-’ . ‘42’
” N ” O1234875 . '4:-]’
” 9 " 012y “ 40

The Matcrials for the Covering of Roads known as ** Road
Metal '~ Macadam's 8ystem of Road Making.

The soil on which a road is to he made, after being
thoroughly drained, and its surface brought to the
form preseribed above, and made even, will then be in
a condition to receive its covering of stone.

Under most circumstances of traffic and soil, the
covering of a road may be entirely of stone broken
into small picces; but in some eases it may bo
necessary to underlay the surface covering with a
rough pavement. The first-mentioned deseription of
road was introduced, and afterwards brought to great
perfection, by the lute Mr. John TLoudon McAdam,
in the early part of the present century, and it has
from that circumstance been generally known as a
McAdamized rowd, and being adequate to the require-
ments of most circumstances at & much less cost, the
consideration of its construction will have priority
over that of the latterancutioned, which, however,
will afterwards be treated of.

In the system of road making now to be discussed,
a smooth surface and good road may be made of any
description of stone, provided it he properly applied ;
but the durability of such covering of a road will be
according to the combined properties of hardness und
toughness of the material,

Materials used in the Macadam System of Road Making—
Green Whinstone—-Granite.

Of the materials suitable for the covering of roads,
the following is an enumeration, in order of fitness,
with the specific fitness of each for the purpose.

Ist. Green Wihinstone is undoubtedly, of all other
materials, the best adapted for the covering of roads.
It combines great hardness with toughness, it breaks,
with clean, solid angles in its fracture-——a property
which adapts its particles for binding into a solid mass
with a smooth surfuce. This stone, when of the right
variety, possessex every property for forming the best
and most durable road covering. There is, however
a variety of whinstone stone, or basult of a very dark
colour, which, although very hard when quarried,
speedily disintegrates into a soft. powdery substance
by the action of the atmosphere, and is thercfore un-
fitted for the covering of roads subject to heavy traffic.

2nd.  Granite, equally ax tough, if not tougher
than the best whinstone, is coarser in texture, not
50 hard, or the fracture so clean as whinstone; from
which it will readily be understood not to have an
equal property of binding into « solid mass with so
smooth o surface as whinstone,

Materials used in the Macadam System of Road Making.—

Flints, Limestone, Gravel, Sandstone.

3rd. Flints are extremely hard, but deficient in
toughness, and therefore casily break down into
sand under heavy traflic; althongh, to the extent of
their durability, they form a smooth surface when
properly prepared.

4th. Liwestones, with the exception of soft chalks,
which are unfitted for the covering of roads, all bind
well into @ smooth surface ; but all being aftected by
atmospheric action, even the hardest is less durable
than any of the materials previously noticed.

Sth. Gravel, by which term is to he understood the
mixture of various sizes and deseriptions of water-worn
stones, frequently found in beds of viwious thicknesses
near the surface of the soil.  The ¢, of cowrse, partake
in their leading properties of the character of the
When
the gravel is elear of soil; and the nodules of a homo-
gencous charncter-

nodules which mostly prevail in the mixture.

which is scldom the ease—broken
into angular pieces, it frequently makes an excellent
and durable covering for roads.

Gth. Newdstone has its particles too slightly co-
hering for the purpose of rond making where there
may be a considerable amount of teafie. Tt is, how-
ever, a most suitable material for the pitching or rough
prvement for underlaying the surface when a road is
80 construetod.

Besides the natural stones noticed above, the slag
from the smelting of iron ore mikes excellent roads
in summer, and ju dry weather; but, it heing fre-
quently a solnble silicate of lime, it generally dissolves
into & viseous mud in winter, and in wet weather, In
order to avoid the expense of cost of carriage, the
material for road making will generally be what can
be obtained in the neighbourhood of the road o Le
made,
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THE GEOMETRICAL DRAUGHTSMAN.

His WORK IN THE ('ONSTRUCTION OF

AND PROBLEMS OF DPLANE
TECHNTCAL WORK.

THE FIGURES
GLOMETRY, USEFUL IN

CIIAPTER TII1I.
Oblique Lines.
OBLIQUE lines are lines which are neither vertical
nor horizontal. The surfaces of the declivities of
roads, or of the roofs of buildings, are illustrations
of oblique lines. Assuming the lines « b, b e, fig. 3,

e \f 4 !C
x\ /’Li
a 33

Tig. .

to be the Jower edge and right hand edge of a sheet
of paper or a drawing board, the lines d f, ¢ ¢ , are
all oblique, or placed at angles to the sides a b, ) c.
This brings us to the consideration of

Parallel Lines.

Parallel lines are lines which are placed in such
relation to each other that they ean never meet, to
whatever distance they may he prolonged or extended.
The tracks of the wheels of a carringe on the snow
or on the road, or the mectals of a railway, are
examples of parallel lines. All vertical or horizontal
lines are parallel to each other, as at « and b, fig. 4,

e

NN

N ~— N
Tig. .

drawn when the drawing board is made use of, by
means of the T-square, which is placed along the
lower edge or n side edge or end, according to the
kind of parallel lines desired.  When the drawing
board is not used, or when we wish to draw lines
parallel to one another, but oblique to the edges of
the paper, ax the lines ¢, d, fig. 4, we use one or other
of the two forms of parallel ruler.

Tho Parallel Ruler.—Its two Forms, and Methods of Using

them.

This is of two kinds, one of which is shown at « ),
fig. 5. In this the rule or ruler is made of ebony or
of box, or other hard wood, and has a bevelled edge, cc,
fig. b, which is covered with an ivory scale divided
generally into inches and tenths or eighths, from
which measurements can be pricked off to the paper.
The rule is made to slide along the surface of the

paper on the small rollers or cylinders, d d, grooved in
their suvface longitudinally. In using this care
must be taken to keep the ruler advanced equally, as
any undue pressure of the hand may cause one end,
as b, to advance quicker than the other end, as «,
which would, of course, destroy the parallelism of the
ruler to the line originally dvawn along its edge, ¢,
and to which another line is required parallel to it.
The old-fashioned form, which, if slower in heing
used, is, for beginners at least, less liable to errors of
adjustient, is shown at e fig. 5. It ix made with
two flat rulers, each with a bevelled edge, but on
The rulers
ce and ff are jointed together by hinges, ¢ ¢, con-
Thus,

when o line has heen drawn along the edge of ce,

opposite surfaces or faces of the rulers.
nected at opposite ends to ench of the rulers,

and another line to be parallel to it is drawn, say at
the poirt /4 ; while the ruler ff is kept in position
on the paper by the left hand, the ruler e e is moved
upwards by the right, till the edge cuts or comes up
to the point 2. It is then held down by the left
hand, which is now taken off the ruler f7, and the

'vl;; BRI e S A S T, 1 1 <
"4 < e
a 3
I e A -m—-==-n
T 14
L I
& V4
P T
1, O,

line is then drawn along the edge ¢ ¢ by the pencil
held in the right hand.  The pupil will perceive that
great care will be required in using these instruments,
so that the original adjustment to the line first
drawn must be maintained in moving the rulers
across the surface of the paper, otherwise the lines
drawn through other points will not be parallel to
each othier,
Angles: Their Varieties and Peculiarities.

We now come to the consideration of “angles.”
When two lines not parallel to each other mect in a
point common to both, as the lines «, b, ¢, d, fig. 6, to
the lines ¢, , g, &, meeting in the points 4, j, b, [, we say
that they form an angle, and that the indefinite space
comprised between the two lines which meet in one
point is an angular space. The lines which form an
angle are called the sides of the angle, as « ¢, and
the poini of intersection, as 7, the “apex” or point.
Two angles are equal when the distance hetween,
or degrec of slope of their sides, is the rame. We
mensure angles, then, by the distance between, and not
the length, of their sides.  Of two angles, the lnrgest
is the one the sides of which are farthest npart, and
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conversely. Thus, with the two legs of a compass,
which bhave always the same length, we may make
angles of all extents and varieties. The following
are the different kinds of angles.

Right Angles.
‘When a line meets another so as to form two
adjacent equal angles, these angles are called right
angles, and the lines which form them are called

5

\x} ,
c
e/ \ %
' 4
' Fig. 6.

perpendicular to one another, whatever be their
position in space or on the paper. Thus the lines
ed, gh, kl, mn, fig. 7, are all at right angles to the
lines a b, e f, ¢j, and o p, although those last are all
of different kinds of lines, as horizontal (a b), vertical
(¢f), and oblique (¢, op). And all the angles are
right angles, and therefore all are equal to one
another—z.e., as the angles @ ¢ d,e gk, ¢ k1, and nmp

are all right angles, and are equal to the adjacent
angles on the opposite side of ithe line, as the angles

Z -4
g
@ c N
. ION
l P
k ”
v °

Fig. 7.
ded, fgh, jkl, and pmn. Al right angles are
equal. A vertical line is always perpendicular to a
horizontal line. Every line' which is not perpen-
dicular to another may be considered as oblique with
reference to it ; and the kind and degree of obliquity,
as the relative lines in fig. 6, decide the character or
kind and the extent or measure of the angle.
The Drawing or Delineation of Right Angles.—8et-Squares.

In drawing right angles quickly —that is, in
drawing lines which are perpendicular to another—
the instrument or implement called the “set-square” is
ysed. This is shown at a bec in fig. 8, and is made of
hard wood, varying in thickness according to the size
from one-sixteenth up to three-sixteenths of an inch,

vof large dimensions a& small hole, as d, is cut’

through the square, near oune of the apexes, by which
the implement can be hung up on a nail to be
within easy reach. The hole also affords a grip or
hold to the fingers in moving the set-square over the
surface of the paper. If the T-square and drawing
board be used by the geometrical draughtsman, when
the blade of the T-square is set or adjusted to draw
horizontal lines—which in drawings are those placed
parallel to the long side or upper and lower edges
of the board-- lines at right angles to those horizontal
lines, or perpendicular to them, can be drawn in any
number and at any distance required, by adjusting

@ 4__" [4

\ZW//J/////////.////{’J’EW//W///?
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b ¥

D
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Fig. 8.
the set-square, a bed, to the edge of the blade of the
T-square, as shown at ef, g/4<. All lines drawn
along the edge, %1, as that at j, are at right angles
to a line drawn along the edge of the blade, ¢f, of
the T-square.
The Varieties and Use of Set-squares.

The same use can be made of the set-square (“right-
angled,” as abcd, fig. 8), when the geometrical
draughtsman does not use the drawing board and

.T-square, but only a ruler or ¢straight-edge,” as

at k47 in fig. 8. Here all lines, as before, drawn
along the edge, m n, of the set-square, are at right
angles to' the line drawn along the edge, %47, of
the straight-edge or ruler. A right angle is always
one of 90° (For the division of a circle into certain
parts called ¢ degrees,” written as just given—thus, °,
see a paragraph and illustration farther on.)
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THE TECHNICAL STUDENT'S INTRODUCTION
TO THE GENERAL PRINCIPLES OF
' MECHANICS.

LAWS AFFECTING NATURAL PHENOMENA—MATTER AND
MorTION,

CHAPTER VIL

The Torml used in Converting Heat into Power. —The ¢ Unit "
of Work done, or the Mechanioal Power or Force exersed
by Certain Amounts of Heat.—The Unit of Heat.

WE have said that the most convenient way of

converting heat into physical force is through the

agency of water submitted to the powers known
scientifically as evaporation, popularly and familiarly
a8 boiling, and this through the direct agency of the
combustion of fuel or coal, which has been aptly, and
indeed truly, described as ¢ bottled-up sun rays.” This
agency gives us the nomenclature or terms for stating
the convertibility of heat into force, or force into heat.

The unit used is, of water “one-pound,” of heat

“one degree” (Fahrenheit scale). A very distinct and

conclusive set of experiments has been made by

various able scientists, amongst whom Dr. Joule, of

Manchester, is conspicuous, not only as having been

practically the first to lead the way in this most

valuable line of physical investigation, but from the
accuracy and variety of his experiments, and the
elaborate way in which he has formulated them for
practical purposes. The result of these investigations
has been the establishment of the relationship sub-
sisting between heat and force, or that which gives us
what we conveniently, if not very scientifically, call
mechanical power. This relationship is shown thus.

The amount of heat required to raise, or which is

absorbed by, a pound of water one degree in tempera-

ture, is precisely equivalent or equal to the mechanical

work done or physical labour exerted in raising 772

pounds a vertical height of one foot; or as it may be

expressed in units in both cases, heat taken by one
pound of water raised one degree in temperature,

Fahrenheit scale, is equal to the force or the mechanical

work done in raising one pound through a helght equal

to 772 feet.

Vast Importance of the Science of Thermo-dynamios to the
Engineer in making Motive Power Machines, of what-
ever Kind,

*We shall in future chapters, and also in other
papers, such as “The Bteam Engine User” and
“The Furnace Builder,” see how important this law
which gives the relationship of heat and force is
to the engineer in applying heat to the production
or creation of mechanical power, whether he so
applies it through the agency of the mechanism of the
steam engine, the hot-air ar caloric engine, or the gas
eagine, For it gives him, as we have already hinted
at, the clue, so to say, by which he can discover

whether he is getting the greatest amount of work
done of which the heating agent is capable, and the
way in which heat is lost by the oreation of notion
which doee not give useful mechanical work; for as
force is but another expression for the expenditure of
a given amount of heat, and as force, to be useful to
man, is to create motion, all foroe must by consequenco
be expenditure of heat, and if motion be not wholly
useful in the doing of mechanical work, it must be
wusteful of this heat. The field thus opened up to
the engineer of the future is as important for tho
mechanical issues it involves as it is wide in extent.
Investigations made in experimental working carried
out with the various mechanisms by which heat is
converted into force or mechamical power, will not
only tend, as they are already so tending, to our
getting the highest degree of working or practical
efficiency out of our steam engines, which at present
have been truly characterised as wasteful in almost
the highest degree, but may in course of time bring
out an altogether new mechanism, by which heat may
be converted into force in the most direct way, and
with the highest degree of mechanical -efficiency.
‘What has been said on this point will have abundant
illustration in future paragraphs. In its statement
the student will have perceived that there has been
a term frequently used, and one which is, so to say,
perpetually recurring in all mechanical disquisitions ;
this will be quite as appropriate a place for giving that
explanation of it which it is necessary for the student
to have as any other which might be chosen, as it
has such a close connection with the subject of this
present paragraph. The term here alluded to is—
¢« Work done’’ by the Exercise of Energy, Foroce or Power,—
“Mechanical Work”—¢ Mechanical Eficiency’ —* Effsctive

Work ""— Effective Force.—Bome Considerations connected
with those Equivalent or Convertible Technical Terms.

For this term “work done,” the terms effective
work " or the “ mechanical efficiency” or the  effective
force” of a machine or piece of mechanism is sometimes
substituted as synonymous; but there is a distinction
or difference between them, more or less precise, which
may be treated by the reader as we proceed. The
term which forms the title to this paragraph i,
however, that which is generally employed, and gives,
if not precisely the most accurate, certainly the most
easily understood, indication of what is meant to
be conveyed by it. There is no term so universally
understood as that of “work done,” in connection
with which there are so many associations, not a
few of which are suggestive of painful labour. But
notwithstanding this general application of its mean-
ing, there exists such a confusion of ideas as to the
methods by which work is done, that many have a
difficulty to understand that the work done by a
aman or by s horse is, to use the term we have
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decided on, as much mechanical work as that done
by & special machine with the operation of which
the term is alone popularly used; and that the
method of expressing the value of mechanical work
o8 applicable equally to manual and animal labour,
ir work done, as to that of & machine. Indeed, it
is from animal power that the measure usual in all
calculations of mechanical work—say, as done by a
steam engine or a water-wheel—is derived : hence the
well-known term horse-power, contracted forms of
expression being H. P., or still more contracted, IP.
What is meant by this we shall immediately see.

Elements or Faotors used in all Caloulations of ‘¢ Mechanioal

‘Work " or * Eficiency " or ** Effcctive Foroe,” ‘‘ Weight"
and Space "—Practical Statements in Connection therewith.

The two elements involved in all calculations of
“ mechanical work ” are weight and space or distance ;
the equivalent terms of weight are force or pressure.
Weight itself is expressed by the term gravitation,
the phenomena of which, forming so important a
department of mechanics, will be described and illus-
trated in future paragraphs. The “unit” of weight
used in calculations of mechanical work is the
“pound”; the “unit” of space or distance passed
through by that weight is the ¢ foot”—1 ft. The
space passed through is generally considered as ver-
tical space or distance, being usually expressed as so
many feet high ; and this more from the character of
the experiments made by Watt in estimating the
value of a horse-power—he having, as the most con-
venient way of applying this kind of muscular force,
used a weight attached to a rope hanging vertically
and passed over a pulley which gave the character of
the horizontal line of draught of the horse as it
walked along a level surface, dragging, pulling or
raising up the suspended weight. But the unit of
space is equally applicable whatever may be the direc-
tion in which that space or distance is passed through,
horizontal as well as vertical, the term *‘high” being
so long established, and being that moreover in general
use, denoting vertical space or distance passed through.
If we suppose we have one unit of weight or force
represented by a mass of metal, and this of course 1 Ib.
in weight, and if it be passed through a space of
twelve inches or one foot, we have as the result a
“unit of work ”—q.e., one unit of mechanical work has
been performed. If we have a distance or a space of
a thousand feet passed through or over by the one-
pound mass, we have as the result a thousand units
of mechanical work performed. The expressions here
used are convertible, so that if we have different pro-
portions of unite we still have the same equivalent of
units of mechanical work performed, Thus, if in place
of having a mass of metal of one pound weight to deal
with, which is passed through a given space, we have
one of one hundred pounds, and the space or distance

through which it is raised or over which it is passed
is only ten feet, we have the same number of units of
mechanical work performed as if the weight had been
one pound and the space a thousand feet—namely, a
thousand units of work. The simple rule being, that
if we multiply the pounds force or pressure exerted by
the space through which this is passed, we have in
the result the number of units of mechanical work per-
formed, so that if 1 x 1000, 100 x 10 are both equal to
1000, then 500 Ib. of weight raised through 50 ft. of
space is precisely equal in units of mechanical work to
a weight of 50 lb, raised through a height of 250 ft.
This simple law, the convertibility of units of space
and weight, is so to say necessary, inasmuch as the
mechanic has to do with varying forces and pressures
and variable spaces or distances, but its application
is alike simple in all cases,

The ¢ Units "' of ¢* Mechanical Work " expressed in the Term

¢ Foot-pounds,”’

The units of mechanical work performed by given
weights or pressures passing through spaces are
generally known by the term compounded of the two
elements—namely, “foot-pounds.” This term is appli-
cable to any expression of mechanical work, no matter
whether calculated in connection with machines in
which it be small or large in amount. But if
“work " done or ‘“duty " performed is high or great in
amount, a term expressive of a higher value than a
foot-pound is much more convenient, if for no other
reason than this —that the number of figures required
to denote foot-pounds in powerful machines would be
very cumbersome. Hence the term of a higher value
to which we have already referred—namely, ¢ horse
power "—is that used in connection with machines
exerting what is called great power. The horse-power
unit, or that which is taken to represent the mechani-
cal work done by a horse, is 33,000 ‘ foot-pounds,”
or a weight of 33,000 pounds raised one foot high—
which is, from what we have said above, convertible,
so that 10 lb. raised through 3,300 ft. would be equal
to the above, just as 11lb. raised through 33,000 ft.
would give the same result. The foot-pounds indi-
caing the power of a man amount to 3,300 ; this term
“ man-power” has only come into use practically or
conveniently since the introduction of gas and caloric
or hot-air engines of small powers for the doing of
general work, as driving sewing machines, working
printing presses, and the like. In place of using the
term “amount,” or “total quantity of work done,”
by any exertion of force, power or energy, the term
“rate” is used as the “rate at which work was
done,” the “unit” rate being a horse-power or
33,000 foot-pounds per minute, as above explained.
We shall have something more to say hereafter about
those terms oonnected with work done or power
exerted. :
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¢Time " the Final Factor or Element in Qaloulations as to
Mechanioal Work.

The application of this principle of estimating the
amount of mechanical work done by various machines,
acting under one or other of the natural forces we
have described in the preceding paragraph, is com-
paratively simple. But another element is introduced
into the caleulation—that of ¢ time "—exemplified in
the expression with which even our most youthful
students in mechanics will be familiar: so many
pounds raised, so many “feet high per minute.” The
three elements or units are of weight (1 1b.), of space
or distance (1 foot), of time (1 minute), If we know,
for example, the pressure of a certam force passing
through a certain space during a certain number
of minutes, multiplying these into one another and
dividing the result by 33,000, the horse-power unit,
we ascertain the horse-power of the machine in
which the above calculations are met with, The
most familiar example of this is the steam engine.
In this the pressure of the steam on the surface of
the piston, representing the “ weight” or *force” in
the cases named above, multiplied by the *space”
or distance passed through or over in the given
“time " per minute, and divided by the horse-power
unit, 33,000, gives the power. But- this is not the
effective, but only the nominal power. The various
practical considerations connected with the conditions
known as ““effective” and “nominal” horse-power will
be found fully discussed in the chapters which take
up the subject' of the steam engine in its various
forms. (See “The Steam Engine User.”)

Theoretical Mechanical Efficiency,—Losses of it in Practice
—General Glance at the Causes of Loss.

In no case do we derive the full or effective power;
in other words, we never get all the ‘ work” done
which the force agent is able to give, or what is
¢ theoretically” due to it. The sources or causes
of loss of power in the adaptation of the various
“forces” we have named (see a preceding paragraph)
are numerous. Some are inevitable, and depend upon
laws hereafter to be noticed; others-«and those
constitute the great majority, and are the most
fruitful causes of loss of power or of work done—arise
from the-defects either in the character of the machine
we uee to adapt the force or power, or in the mechanical
construction of its parts, and the mode hy which we
“take"” or “lead” off the power of the machine to the
work which is to be done. Those latter sources of loss
of power should indeed be classed as ‘“waste” of it.
For while a machine, as the steam engine, may be—
and the latter indeed seems to be—the most effective
arrangement by which we can adapt, or so to say yoke
to our work, the natural force at our dicposal, and we
thevefore, for the time at least, cannot make a better

use of it, any loss of power arising from positively
defective arrangements or construction, which the
mechanic can avoid or prevent, is neither more nor
less than waste; and this is wilful if a mechanic is
indifferent about giving the very best work he can
give, or if, knowing that there is a better way than
his own, he is careless to learn what that is, or if know-
ing it, from the force of pure prejudice against it, no
matter how or from what motives arising, he will not
accept it. We shall have occasion to see, in the various
notes on practical mechanism in the series of papers
entitled “The General Machinist”), how in those
directions just noticed we lose or waste so much
of the pownr which the natural forces we employ
can give us,—-so large a percentage, indeed, even in
the best forms of what are called prime movers or
motors, that the youthful student in mechanism may -
rest assured that there remains a vast and wide field
in which he and his compeers can do great work in
the way of economy of force yet. He need not fear,
as some seem to fear, that so much has been done
in the past in the way of inventing and constructing
machines, that there is little left to be done in the
future. So far is this from being the case, that it
may be said, so far at least, of our motive powers,
that we have but as yet taken up the hem or fringe,
of the subject; the great expanse of the material
being as yet practically untouched. In all considera-
tions connected with the adaptation to mechanical
work of the natural sources of power other than those
of wind and water, the student must ever bear in
mind that heat is the only source of power. This
heat being of necessity applied or made practically
available in combustion with something natural, such
as water in the case of the steam engine, common air
in the case of the caloric or hot-air engine, and gas in
the gas engine, the student is apt to consider those
elements as the “be all and the end all” of his
mechanical work ; they are, however, but the vehicles
by which he applies the power of heat force, and as
it is heat which gives those elements what power
—if we may use this mode of putting the point
—they possess, it is obviously to heat that the
mechanic must direct his attention. How to use it
—that is, how to adapt mechanical arrangeraents and
combinations so that the maximum of power contained,
so to say, in the “heat force,” will be obtained with
the minimum of cost—is the problem which the me-
chanic has to solve. That it has not yet been solved—
is far indeed from being so, despite all the advance
mechanics has made—may be learned by even but a
cursory examination of the whole subject. The various
practical points unsolved in this problem will engage
our attention either in succeeding chapters of this
section of our work, or in the special papers “The
Steam Engine User ” and “The General Machinist.”
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The Terms ‘‘ Motion " and ‘ Force,” as used in Preceding
Paragraphs.

In the paragraphs of the preceding chapter the
student will have noted the frequency with which
the torm “motion” has been used. It is one of the
peculiarities, a8 indeed, in one sense, it may be said to
be one' of the difficulties, in arranging a descriptior of
the science of mechanics, in which the subjects will
be perfectly consecutive, that terms are of necessity
used in discussing one subject, before they can be fully
explained, and which can only be done in discussing
another subject, and that the one to which the terms
naturally belong ; the difficulty, such as it is—and it is
one which appertains to the exposition of nearly, if
not quite, all other branches of science—is not, how-
ever, 80 great ag it appears to be. When we adopt, a8
.in the present series of papers we have adopted, what
appears to be the most natural way of treating a
subject, the different parts flow out naturally from
one another; and although terms are employed to
explain the subjects first treated of, those must for
the time be taken as granted. And no practical loss
to the student will arise, inasmuch as those terms will
be fully explained in the proper sequence of place;
and as a rule it will be found that when there used in
anticipation, the particular force of their application
to the point being discussed will not be lost.

We have, in the preceding chapters, begun the
general subject with that of force, assuming—and the
agsumption is a safe one—that the machinist can do
no work through the agency of mechanism without
a force of some kind, and that, therefore, we may
begin with this; and we shall see, as we proceed,
that all the other subjects to be considered flow
naturally out of this, the leading one. And if the
reader will refer to the special paragraph, he will see
that in our definitions of what force is, or rather what
scientific men have decided to call by this name
—a “something,” the phenomena or effects of which
are well known and can be practically availed of, but
but how it is caused they do not know—in those
definitions the student will perceive that this “force,”
this ¢ something,” is that which causes ¢motion.”
Those two terms embrace every consideration con-
nected with mechanism. With force the mechanic
knows that he can have motion, and with motion
he can do the work he designs to do. He knows
this, so to say, intuitively, without any teaching; but
unless he knows a vast dea]l more than this, he will
be unable to apply to the best advantage those two
characteristics of all machines doing work. To the
points constituting this additional and absolutely
necessary knowledgé we now direct the attention of
the student, leaving the definition of the term force
a8 given in a previous paragraph. It would seem

that. the natural way would have been, to have first
examined or defined what motion was, as the “some-
thing " called force seems always to be productive of
motion ; although, in looking further into it, it will
be remembered that force may produce rest. But
a8 far a8 the machinist is concerned, it matters little,
practically, whether he has “ motion” defined and

. considered first, or, on the contrary, “ force” ; still we
- have taken the latter first, as from it flow naturally

the other points, energy and power, which, as we
have seen, are often confounded with force and con-
sidered synonymous with it. And in one way this
sequence of consideration of certain subjects which
we have adopted may be looked upon as the most
natural, inasmuch as under ordinary circumstances
the machinist knows that he must have the energy
and the power or force of some kind, before he
can have his machine to do work, and being assured
of that, he proceeds to design his mechanical arrange-
ments by which the motions he desires are obtained.

Motion,—8ome Points connected with this Condition of
Matter.

As in the case of force, o in the definition of
motion, some have indulged in metaphysical abstrac-
tions leading to statements and expressions which
have a much more powerful tendency to confuse
the mind of the reader than to enlighten it as to
what the subject is. Here again the practical reader
will do well, for the present at least, to refrain from
all such abstruse considerations, and content himself
with what he knows—we may say intuitively almost—
as to what motion is. Derived from the Latin motio,
and this from movere, signifying to move, he knows
that motion is something quite different from that
position or condition to which he gives the name
of rest. And further, that in his mind, when it is
applied to himself, or any part of himself, or to any
other body exterior to himself, he invariably and with-
out any hesitation associates with the term a change
of place of the body. If at one space of time we see a
body in one place or position, and find it at another
time in another place, we have not the slightest doubt
in our own mind that the change of place must
have been the result of motion. We thus have the
simplest of all definitions of the term metion—*“a
change of place of a body.” And this involves.the idea
of a comparison with other bodies or another body.
Motion in bedies is therefore relative, and can only
be described or conceived of in relation to another
body ; it is thus an object of comparison. We have
said that the readiest, and we might call it .the
popular way of conceiving of, and in a manner there-
fore defining motion, is that it is the condition of a
body oppo:ite to that which we call rest.
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THE STEAM ENGINE USER. _
THEE DIFFERENT OLASSES OF ENGINES USED CHIEFLY FOR

MANUFACTURING AND AGRIOULTURAL PUnPOSES.~THE |

L¥ADING DETAILS OF STEAM ENGINES-~CONSTRUCTIVE
AND OPERATIVE.—THEIR PBACTICAL WOREING AND
ECONOMICAL MANAGEMENT.

CHAPTER IV,

Ar the conclusion of preceding chapter, in deseribing
gonerally the two classes of steam engines, high-
pressure and condensing, we stated that the latter
derived: its name from the fact that the steam was
condensed in the “condenser” after leaving the
cylinder, The condenser is in connection directly
with the main steam cylinder, and when the steam
in the steam cylinder or main cylinder has finished
its work it rushes into the condensing cylinder. A
stream of cold water is continually flowing into this,
and therefore causes a vacuum, more or less perfect,
and as soon as the communication is opened betw&n
the steam cylinder and the condensing cylinder the
steam in the main cylinder is drawn from it.

The “high pressure” steam engine is so called
chiefly from its uce of steam supplied at a very
high pressure. There is no particular or fixed pres-
sure of steam used for either class of engine, but we
may expect to find in the generality of cases that the
high-pressure engine will have about double the pres-
sure of steam to that of the condensing engine. The
high-pressure engine is better known, because so much
more extensively used, and it allows the steam after it
leaves the cylinder to be conducted through a pipe into
the open air, It will be clearly comprehended, from
the description given of the two classes of engines and
their requirements, that there is no difference in the
indicating appliance in principle or detail. The same

indicator will answer either—i.e. for both kinds of .

engine—only the high-pressure engine must have a
spring in it strong emough for the steam pressure
which is in the boiler, as no greater pressure—prac-
tically, for reasons hereafter described, a lower—
can be in the cylinder of the engine than that
which is in the boiler. A The same spping which is
in the indicator for the high-pressure will also
answer for the low-pressure or condensing engine.
The objection to the use of a strong spring for
indicating the condensing engine is that the steam
in the cylinder is of a less pressure, and therefore the
dingram is smaller. The smaller the diagram the
more difficult it is to read it. Therefore the indicator
is provided with two springs, one for each class of
engine. The difference is perhaps in the following
ratio: say, low-pressure spring, 20 lb. to the inch;

high-pressure spring, 40 Ib. to the inch. The two,

springs fit the same cylinder of the indicator.
- The drawing given of the indicator chows the

arrangement of the springs, the cylinder, and the drum
round which the paper is fixed, and how this is
moved so as to give upon the paper the dingram
representing the form of figure which is so caused
by the operation of the steam in the main cylinder
of the steam engine,

General Remarks as to the Features and Use of Steam Engine

Indicators.

The use of the indicator, and the way by which
it acts in describing or writing upon the paper which
is on the drum or cylinder, so as to give information
of how steam operates upon the steam engine, and
how it gives out the power which is needed, and
further to understand how it should form a diagram
go that the proprietor might have the best result
as to the working of the engine for safety, and that
of being so regulated as to produce the greatest
amount of economy as to the consumption of fuel, will
now be generally gone into. To those whose curiosity
leads them to look out for causes of such effects as are
produced from the use of steam through a machine
which gives out appavently unlimited power, as the
steam engine, the labour will be well remunerated
by studying the mechanism of an indicator and the
way in which it performs its work. It is, as we have
said, a trustworthy instrument,—never known to fail
in its work when manipulated by a careful hand, even
by one with but little practice in taking dingrams by
its means. Its simple form and the simple mode of
its action renders it capable of being used by any one
of ordinary capacity when once seen at work. Many
other mechanical appliancesare socomplicated that they
cannot be relicd upon except they are operated upon
by those who have had years of experience in the use
of them—in short, that of an apprenticeship—and then
serious doubts are often entertained of the results
being correct. The mechanism of the indicator is,
however, simple in its action, and its result may lead
an ‘inquiring mind to design mechanical appliances
of importance for other purposes, of a simple and
reliable form. The indicator being of small size, it
can easily be removed ; it is therefore less objectionable
in use, being only a few pounds in weight—two, three,
or four pounds—different makers having different
weights and different forms. But they all produce
the same result; all have to be applied at the same
place and in the same way, and to be worked in the
same manner. The difference in form of the indicator
does not in any degree disqualify the operator for using
another maker’s indicator; nor does one maker's
instrument limit the calculator of the figures (dia-
grams) to one particular form of calculation,—and
thus the knowledge of one is available for all that
come under the notice of the engineer, We think wo
have secd all the differcat makers’ that are in use.
We have alluded to that class of indicators which
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have cylinders or drums on which to fix the paper
which has to receive the diagram, and this we have
done for the best of reasons—namely, because the
cylinder indicator is almost the only one in use. We
have indicated engines with one which had a plate
attached to it in the place of a cylinder, to receive
the pencil impression. The only reason we have for
referring to the last named is, because it is barely
possible that such a one may in some way or other be
accidentally seen in use, but this is not very probable.
The application of it to the cylinder of a steam engine
would be precisely the same as those we have so fully
referred to as regards the working when attached
to the cylinder and also in the calculation of the
diagram. The figure would also show the state of
steam—i.e., how it was operating —exactly as those
indicators having the cylinder. It is not found to be
so convenient in the operation, or for moving about.
‘We believe what we have here stated to be the cause
of its want of success.

There are, as we bave before remarked, several
makers of indicators; but the principal makers of the
instrument show but one great difference, which though
we call it a great difference, is but in the arrangement
of the cylinder upon which the paper is stretched.
In one form the paper cylinder is detached, in the
other arrangement it is placed round or encircles the
working part.

Mode of Attaching the Indicator to and Conneoting its

Working Part with the Interior of the BSteam Engine
Cylinder.

In the early days of the indicator employment, the
operator had to make use of the tallow or grease tap,
in which to fix the tap of the indicator. A variety of
sizes of plugs had therefore to be provided by those
who were engaged to test 'engines by indicators, and
for some time ruch an operation was only performed
by special persons. Forty years ago perhaps not
more than one or two steam users in Lancashire made
much use of the instruments; therefore no conveni-
eut arrangements were made. As they came more
and more into use a proper and convenient plan was
hit upon, and the contrivance adopted is now attached
to almost every steam engine cylinder, and is known
by the name of the “indicator tap.” It is a simple
tap, much like a common gas tap, with a thread on
both ends—t.e., one end outside, the other end inside,
One end is screwed into the cylinder cover, and by
this means a communication is opened to the steam
in the main cylinder of the engine. The opposite
end of the tap has also an inner thread, and this
receives the screwed end of the indicator (see fig. 1).
At one time the tap of the indicator when it
was closed shut in a portion of steam; this pre-
vented the pencil from adjusting itself for a short
time, on account of the steam that was left in the

indicator above the tap; the pencil being attached
to the epring of the piston in the indicator. Like
many other little troubles, it in course of time was
remedied. This was done by drilling a small hole in
the plug of the tap. When the steam was turned off—
i.e. the connection between the cylinder of the steam
engine and that of the indicator cut off—the hole
thus allowed the steam which was penned up to
escape, and therefore the pencil was dllowed to go to
the proper place, and that is opposite to the cipher
or zero point, which is on the plate attached to
that portion which contains the spring.

Importance of attending to the Position of the Pencil in rela-

tion to the Zero Point or Cipher of the Indicator.

‘When there is neither steam nor vacuum acting
on the piston of the indicator, the finger or pointer
should be directed to the zero or cipher point. This
must be observed always whenever an indicator
diagram is to be taken. It is all important in the
condensing engine, because the true state of the
vacuum is required ; if it be deficient, then the super-
intendent at once sets to work to find out the cause
of the incompleteness. In the case of indicating a
high-pressure steam engine the little leakage of steam
makes but a trifling difference—nothing to be con-
cerned about.

The arrangement of the finger or hand or pointer
should not be neglected. It is necessary that it
should be set correctly in'case of indicating a high-
pressure engine. In case more pressure is shown on
the diagram called ¢ back pressure” than is con-
sidered necessary, it requires attention, as that tnkes
away & portion of power from the engine. Therefore
the pointer should be directed to the cipher on the
plate. 'We have many times witnessed cases where
the pointer has been neglected with those who have
not sufficiently considered those important points we
have named. Once well done, twice done. How-
ever simple an instrument is, and however easy it is
in its use, there are always some little but important
points to be observed, in order that its full benefit
can be obtained. Some of our readers may consider
our remarks on these small matters as unimportant ;
but we refer to them because we wish to give the
full benefit to them of experience and observation
on the various, but important parts which ought to
be observed, whereby the fullest advantage which
can accrue from the system of using the indicator may
be guaranteed.

Goneral Description of the Indicator in its Mechanical

Arrangements,

We shall now describe the indicator as to its
mechanism. The indicator is made of brass. The
only parts which are other than brass are the spring
and piston rod, which are steel. Perhaps no other
metal is so suitable for springs as steel, on account
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of its adaptability to the changes to which it is sub-
jected—that of continual contraction and expansion.
It is of the greatest consequence that the spring
should be made of the most improved steel, and the
most suitable for the frequent changes which it has
to undergo. The other part, which is also made of
steel, is termed the “piston rod.” It is also of par-
ticular importance that this should be of steel, and
also of 'a “firm " class, because much depends upon the
rigidity of so thin a piece of metal. It is about one-
eighth of an inch in diameter, and the slightest defect
as to the truth of it would materially affect the re-
gistering on the paper, and therefore the diagram
would be unreliable, being incorrect, and would thus
mislead, by producing what was not the real state
of affairs. It would be, in other words, a guess,
and not a reality. This rod being very thin, but stiff,
of course keeps its original position—q.e., when it leaves
the hands of the maker it is quite straight. It is
attached at one end to the piston, and at the other end
is passed through a small gland or hole at the top or
opposite end of the indicator ; and therefore the reader
will at a glance see the importance of it keeping
its original position, otherwise a binding would be
caused as it pa<ses up with the pressure of steam
which presses against the piston once in every stroke
of the engine, and therefore so delicately a constructed
instrument would be at fault in its registration. Un-
necessary friction must be always avoided in all
nicely adjusted machines, The spring and the piston
are two important items in an indicator. Both
require to be carefully handled when taken out to be
cleaned or in any other way removed.

The working part is the piston, which is contained
in the cylinder. The “cylinder,” ¢ piston,” and
“piston rod” are in reality the same in arrangement
and principle of action as those parts of a steam
engine, but of course in miniature. The ecylinder
contains the piston, and the piston rod is secured to
the piston. Instead of the piston and piston rod
producing any motive power, the spring already ex-
plained is the resistance which only allows the piston
to move to a distance, according to the gmount of
pressure which comes in contact with it. The spring
is calculated to move a certain distance vertically for
each pound of pressure of steam per inch acting upon
the piston of the indicator; and as the steam leaves
the main steam cylinder, or in any other way alters
its pressure, the diagram registers the result. The
cylinder is brass, cast solid, and then bored out to the
dimension required—say half an inch. The cylinder
is fitted with a piston, a piece of brass. This piece
of brass is turned down to the size required, or nearly
s0. Then it is very accurately ground to fit the
cylinder—.e., 80 as to prevent steam from passing it.
For condensing engines it is necossary to have it so

well fitted that & pressure of steam (equal to the
perfect vacuum) of fifteen pounds could not escape,
because the vacuum would be incorrect. A little
steam passing the cylinder where a very high pressure
of steam is required is a matter of no great practical
consequence. The piston rod is secured to the piston
by being screwed into it. The remainder of the

cylinder is bored out much larger, so that it is but a

mere shell, and in this enlarged part the spring is

contained. This larger part of the tube gives the
opportunity of having the spring larger in diameter.

The spring is a coil, and upon it is attached the pencil

holder. As the spring is acted upon by either steam

to raise the pencil holder, or the vacuum to depress it,

50 is the line placed upon the paper which is upon

the cylinder, and thus the line registers the result

and leaves the operator to read that which is drawn
upon it. Upon the higher part of the cylinder, that
which contains the spring is furnished with a scale
marked with pounds, commencing with 0 or zero; at
the centre, and above it is numbered in pounds, for
the use of a condensing engine, up to twenty pounds
or a little more, and below the 0, on the same scale,
it is marked in the same way down to fifteen pounds

—Dbeginning in both cases at the cipher, the number

1, and so on up to the extent the spring is calculated

to work or register upwards ; but in numbering down-

wards begins with the number 1 to fifteen pounds

from the cipher 0.

The Cylinder or Drum of the Indicator on which the Paper is
Fixed to receive the Penocilled Diagram.—How the Drum
receives its Motion.

The drum by which the paper is folded round is

a hollow one, having a bottom in it. As we have

before referred to different arrangements, we shall

now explain how they are attached to the cylinder.

Only one principle can be adopted on one indicator.

It is necessary that the drum should, by some means

or other, have an arrangement by which it can be

moved backwards and forwards—that is, made to turn
horizontally round, first in one direction and then in
another. This motion must be done systematically,
because the steam acts upon the cylinder of the
steam engine with order and regularity at every
stroke of the engine, and therefore the drum of the
indicator must commence its stroke precisely at the
same time as that of the steam engine from whence it
receives its steam, to cause it to register the result of
the steam and vacuum which is going on at the time.

This is done by having a cord or string, as j &, fig. 1,

round the bottem part of the drum g g, and at the

other end of the string a hook is secured %o it.

From some part of the engine another string (twine)

is fixed, and the hook is attached to its end. In

beam engines the string is tied round ene of the radius
rods of the parallel motion (see a succeeding chapter)
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near that part where it is sccured to the spring or
working beam, so that the traverse or turn-round in
a circular direction of tue drum will not go quite
once round, and as it reverses the stroke it allows
the drum to go back to the same position as it was
when it was first moved. This alternate circular
motion of the drum corresponds to the vertical up-
and-down motion of the engine piston, and makes
the same number of back and forward movements as
the piston of the steam engine does. It is needful
that we shouid inform the reader that a provision is
made to draw the drum back to its original position
during every stroke of the engine, and that is done
by the aid of a spring which is attached to its interior.
We need not further explain how the spring performs
its work in drawing the drum back to its first position.
It is understood by most men that when a round
coiled spring, like that of & watch, is extended but
is set at liberty to return, there is no longer that
tendency $o draw, but the reverse, leaving it to
take its natural course, of coiling again; and every
time this is done the drum is brought back, and
80 the motions continue as long as the kook is
attached to the string which is fixed to the radius rod.
It seems necessary here to give the reader, if he is
unacquainted with the different forms of steam
engines, & word or two on the beam engine—which,
however, will be fully described in a succeeding chapter.
A beam engine 1eceives its name from the fact that it
has a central beam which passes frcm the top of the
piston-rod at one end of the engine, and at the other
end of the beam is attached to the connecting-rod at
the opposite end, and the connecting red is fixed to
the crank., The beam must have a place sumewhere
between, mpon which it can rest. It is supported in
the midway by a centre which passes through it and
works in a pedestal, one on each side of the beam.
It is often called a sway-beam, on account of its being
in the position that it can be moved up and down
by the motion of the piston-rod. The other kind of
stationary engine we allude to here is called * hori-
zontal,” which make of engine has received its name
from its geweral position. The cylinder of a beam
engine stands on'one end, but the cylinder of a
horizontal engine lies on its foundation or bed plate
lengthwise. The motion required to work the indi-
cator as above is differently arranged when indicating
the horizontal enginé. The motion has to be arrived
at in a different way ; but it must be in such a form
that the drum of the indicator must be at the extent
of its motion one way, when the piston is at one end
of the main cylinder, This is precisely the same as
the beam engine in that respect. The motion is
therefore arrived at by fixing a rod of some kind at &
distance from the piston-rod, which is allowed to rest
against a cross-head eonnecting the piston-rod and

the connecting-rod. The motion required being but &
short ome, the string attached to it and then hooked
to the one which is connected to the drum, must be
to that part of the rod which gives but a short
distance or short stroke, the length being thus
regulated. The only difference between the beam
engine and the horizontal engine is in obtaining the
required length of traverse or turn-round of the drum
on its axis,

The Method of obtaining the Pencilled Lines of the
Diagram given by the Indicator,

A pencil is fixed to the spring, which moves up
and down the cylinder of the indicator, and it travels
up and down as the piston of the indicator is moved
by the pressure of steam or vacuum. It will be seen
from the following diagrams that either the drum or
the pencil must rise and fall to indicate the various
forms of the diagrams. The pencil rises and falls
with the diffeent pressures which act upon the
spring, through the piston. The general motion has
been already explained in describing fig. 1.

Keeping of the Indicator in Good Order.—Some Points

oonneocted with its Adjustment,

It is of the utmost importance that the working
parts of the indicator should be kept clean.  The
piston requires to be tuken out occasionally and
wiped very clean with a dry cloth, and when put
into its place it should have a few drops of clean
oil put into the cylinder part, and the piston should
be worked up end down several times by band, to be
sure that it moves freely in its place. We have
already hinted at the method of fixing it upon
the cylinder. The most general way which is now
adopted is by having a tap screwed into the cylinder
lid, and then the indicator is screwed upon it. It is
also desirable to have a tap for the same pwrpose
fixed at the lower part of the cylinder. In arranging
the valves of the steam engine, they are regulated to
admit the steam on the bottom side of the piston, so as
to force the piston up—and also to admit of steam to
press it down—and in this way the engine is kept
in motion. In order to have the valves adjusted in
such & form that about the same quantity of steam
can be disposed to each side of the piston, and thus
insure an even motion of the engine, the use of. the
bottom tap is indispensable if the engine is to be set -
perfectly even on both sides of the piston. It some-
times happens that the indicator has to be worked
horizontslly at the bottom of the cylinder, as a
matter of convenience for adjusting the string to
the motion of the engine, and thus enabling it to be
kept from friction on any part of it, and therefore
avoiding any irregularity (tight and slack string).
The string should be kept {ree frcm anything that
would retard its free motion,
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THE ORNAMENTAL DRAUGHETSMAN.

His BTUDY AND THE DETAILS OF ITS PRACTICE, CHIEFLY
1N RELATION TO TECHNICAL WORK IN MANUFAC-
TURING DESBIGN. ‘

CHAPTER VIIL

Ar the end of last chapter we referred to Plates L.

and LI ns examples of the “acanthus” leaf, of which

also fig. 38 is an example, fig. 37 being the block.

The student will find this form of ornament—the

acanthus—pervade the Greek, Roman, Venetian and

Renaissance styles, and he will do well to study

carefully its form, as we shall have to speak of this

We shall proceed now to a new subject, and give
the student some drawings of leaves from nature.

Tig. 39,
These play an important part in ornamental art.
With the exception of one (figs. 42-3, the mallow),
they are frequently found in decoration. The first is
the ivy leaf (figs. 1 and 2—fig. 2 being the “block "
of fig. 1—Plate XVI.). This leaf the student will
find is used to decorate mouldings very frequently.
Fig. 40 is the oak leaf, which the student will draw
very carefully. Of this fig. 39 shows the block shape
on a smaller scale. It will be good practice if the
student will get an oak leaf and draw it from nature,
after he has drawn the copy. He cannot too soon ac-
custom himself to draw from nature. At whatever
time of his practice he begins to draw from it, he will
find it so difficult, that the sooner he begins to face
the difficulty, and to overcome it, the better for him-
self, as it will hasten his progress. The student will
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observe these leaves are what is technically termed
“blocked in.”

In the examples given in figs. 29 to 38, and figs.
1, 2, Plate XV1,, and figs. 39 and 40, and descrited
in the preceding chapter, the student will have
observed that each “study” or subject is illustrated
by two drawings, one composed of a simple outline
only, straight lines alone being frequently employed.
These outlines are what are termed the *“blocking in "
of the subject to be drawn or copied. This work,

e
ey
L

Fig. 40.

preliminary to making the finished drawing, with all
ite details more or less minute, should be done by tha
student in every case. This part of the student's
practice is so important—although some altogether,
and to their great loss as draughtsmen, omit it—that
we specially draw attention to it.
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The student has now had some practice in straight
and curved lines. The example, figs. 1 and 2, Plate
XV1I., before him, is a new departure ; he will see that
the form he is about to draw (fig. 2, Plate XVL) is
composed of straight lines, giving something like the
shape of the leaf in fig. 1, Plate XVI. This we call
the ‘“blocking in” of the leaf. We would particu-
larly direct the student’s attention to it, for he will
find all his subsequent studies blocked in, and this is
done in order to save his time and hasten progress.
Therefore let him draw the blocking in very correctly,
and it will save time, as it is easier to rub out a simple
shape, which takes less time to draw, should it be
wrong, than a more complex one. He ought not to
begin the finished drawing until he has done his

[A)

2

////

{,

blocking in rightly. When he has finished his block
correctly, proceed to draw within it your curved lines.
‘When he has drawn all his curved lines correctly,
having compared it with the copy, he may rub
out the block and finish the drawing like the copy.
Whether it be a simple leaf, like the copy in fig. 1,
Plate XVI,, or a complex design, such as in Plates
LXVII., LXVIIL, the shape should be blocked in
first, so that the pupil may see what space the design
will cover on the object to be decorated. He can then
fill in the block with any shapes he pleases. He will
find this blocking in extremely useful in practice,
and when he comes to draw the ¢ human figure,”
which he must do if he is going to be an orna-
mental draughtsman, he will find blocking in indis-

A

Fig. 41.

THE ORNAMENTAL DRAUGHTSMAN,

pensable, for the figure should stand right upon its
legs, blocked in in straight lines, before ever he
attempts to draw the shape of a single part.

The pupil will observe that we say, that he must learn
the “ human figure.” We say so, from the knowledge
of the history of ornamental art, that there never was
a good school of ornament which was not founded on
a knowledge of the human form, And observe, we say
“draw ” the human figure: it is not necessary that
the pupil should paint it, for that is a long process, but
he should draw the figure both from the antique
and from life. For drawing from the living model will
teach him to appreciate the antique, and will also show
him what use the ancients made of the human form,
and how beautiful they made it. He can compare

the shapes of each part of his models with the
antique, and he will see that they made each part
beautiful and well shaped, so that they appear to have
selected the best developed forms of each part of the
human body.

‘We recommend the student to draw from the life
and the antique together; beginning to draw from
the life from the first. Thus, say that the draughts-
man is going to draw a head, we would recommend
that he should draw a skull, and compare all the
planes of the skull with the planes of the hnman
head. We have said thus much in order to impress
on the student the importance of the study he is
entering on. We are addressing students who mean
to be ornamentists, or art workmen, and whose aim,
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we hope, is to raise the art industry of the country,
and to establish a national style in ornament. But
there is one outlook for them, and we tell it them
candidly here, and that is “ hard work.” To learn art
they must remember the words of Milton, and “scorn
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Fig. 48.

delights and live laborious days,” and they will find

happiness in them. We shall have more to say in a

succeeding chapter on the subject of figure drawing.
We would now direct the student to & practice

which too often retards the progress of those learning
YOL. 11,

N

Fig. 42.

to draw. Weallude to measuring the lengths of lines
either by a pencil or bits of paper. What we would
impress on the student is, that he should first draw
the line as exactly as he can, and then measure it. By
that means he will learn to draw accurately by his

Fig. 44.

eye, and he will find that this delicate organ of vision,

if he will cultivate and train it, will measure more

accurstely for him than any compass or other artifice

or mechanical help. For the last court of appeal in

all drawing is, or ought to be, the eye. The drawing
2
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when finished must look right. The student may does not look right. The student must cultivate his
measure his lines, and find that they measure right eye from the first, and he will find that after some

Fig. 45.

in length, and so far as he can test them by mechani- practice he will pot think of measuring, as he will
cal measurement they are right, and yet his drawing regard it as waste of time. - '
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THE FARMER AS A TECHNICAL WORKMAN,
His. TooLs, IMPLEMENTS, MACHINES AND MATERIALS,
—THE PRINCIPLES OF HIS WORK IN ITS VARIOUB
DEPARTMENTS.

CHAPTER IIL

Ar the conclusion of the preceding chapter we
stated that circumstances had concurred in giving
the popular impression that farming was a mere
collection of confused risks, to which might be added
that farmers were men who carried on their business
without method, as if they had nothing fixed to
go upon—each man being, so to say, a law unto
himself, each asserting that law to be the right one.
The general public may well be excused for holding
opinions like this, as they can scarcely be expected to
know the conditions which bring about what seems
to them to be but a collection of contradictory
opinions. For some farmers the same excuse cannot
be offered, unless that be an excuse that they have
not applied themselves to ascertain, not what are the
leading principles of the science so far as the science
is established, but what are simply the facts which
they can derive -from observation, or failing that
labour, the lighter, if it be as it is the more limited
one, of hearsay., For lack of observation there can
be no excuve, for lack of knowledge which implies
labour there may be some—although the “some” will
not by all be accorded them, as if a thing is worth
doing at all it is worth doing as well as it can be done ;
and this will not be unless the laws and principles
affecting their work be studied and, as far as may be,
applied to its practice.

Difficulties connected with the Soil.

Some conception of the difficulties attendant upon
the elimination or deduction of a set of laws upon
which practice in farming might be based, and of
what the usual results of actual practice or of
experiment may be dnd are, may be gathered by
supposing the soil in its interior or hidden mass to
be a huge chemical laboratory. In this are stored
up & vast variety of substances, some lyimg inert,
and, so to say, dead; others in the active life of
chemical combination with others—those forming
compound bodies or resultants. These in turn
come, or are brought by one agency or another
into contact with another set, or in contact with
other simple substances. Now, all this work, more
or less extensively, but gcnorally in some degree
always going on, is, be it remembered, going on
In the dark, wholly beyond the region of possible
detection, the mere substances present, and how they
are present in the eoil, being only supposed or con-
Jectured-—of which nothing is absolutely known. So

quite unknown is the condition in which the

soil is, its physical properties, or what is called its
mechanical state; the fact also whether water is or
is not present, and what are the constituents of ths
water, is unknown; also the facilities or the reverse
for the admission of air to any part of the mass.
Bewildering as all this is, how infinitely more puzzling
the problem beeomes when to this unknown condition
of the great mass of soil with which we must deal if
we attempt to grow anything at all, we add other
substances, such as seeds and manures, and by this or
that cultural or arable treatment change the con-
dition of the mass, bringing it under other and new
influences ! These all bring about new combinations;
but what they are, and of course what the results
are, while we may conjecture, and that so reasonably
and closely, that we almost hit—often in fact do—
upon what such effects are, we cannot positively say.
This is difficult indisputably when we consider the
whole as a question or series of questions of chemistry
alone ; but how much more difficult does the position
become when we begin to deal with questions of
physiology, which we must do in dealing with the
plants, the growing of which is the ultimate aim, the
primary object of all arable cuiture! And here we
are brought face to face with life, True, it is only
vegetable life—a life o low in the scale, as we
conceive it, that some will hesitate to call it life at
all, But life nevertheless it is, and life with all its
own peculiarities. These the farmer must take note
of as influencing his work ; and influence it they do
whether he takes note of them or not, or believes or
the reverse that they are worth taking note of.
CGreat Progress made in Farming, notwithstanding the Diffi-
culties connected with its Practice— Farming as a SBcience.
All these circumstances and conditions of what the
farmer has to deal with make up, as the reader will
now perceive, such a complicated array of difficulties
that one might be justified in assuming that to
attempt to reconcile them and to eliminnte or deduce
from them what will be anything like a practically
useful set of laws or rules, or even hints, for use
would seem to .be utterly hopeless. It is well for
the advancement of civilisation that such a view
has not been taken by all. It is the proud pre-
rogative of man to investigate, as it is one of his
highest privileges to carry investigation into all
things unknown to him. And the man of mind
is ever ready to work in adding to the little he
does the more that he may know. The chain, so
to say, of circumstances which he desires to forge he
knows must be made link by link—and that chain he
has not seldom to lay completely in the dark. And
the chain may be broken, or a link lost, and all
that he knows is that it is so. But because he does
not know at what point the rupture is, or of what
kind, still he does not sit down to mourn at the loss.
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He cnly the more determines that he will if possible
haul up, so to say, the chain, and mend it as best he
may, or, failing that, forge another. Idle he will
not, cannot be, so long as the necessity to have a
chain at all exists. And it is just one of the great
encouragements which the learner, or he who daily
working wishes to work his best, has, that the more
knowledge one gains the greater becomes the power
to gather and store up additions to it. Attainment
is often confounded with progress, but progress is not
satisfied with attainment; when one point is reached
or attained, another step forward is made to reach
another point, to attain a new thing. And thus step
by step from ignorance we reach to knowledge. How
step by step progress has been made in the science of
farming we shall see as we proceed.

Climatic Influences as affeoting the Results and modifying

the Practice of Farming.

Returning, after this not useless but in fact
practically necessary digression—if such therefore
it may be called—to the sequence of the points we
were naming, we would observe here ‘that the effects
of climatic influences or manurial and cultural results
as regards seed and soil, although singularly over-
looked even by many in the present day, was not
80 in olden times. This may be more or less directly
proved by the existence of old saws and sage proverbs,
worth remembering for the practical knowledge they
carry with them. Thus, however well calculated the
manure may seem to be to suit the particular soil
and seed, the absence or presence of sunny or rainy
weather at a particular stage or at stages of the
growth of the plants may just be the circumstances
which may modify, as they in practice generally are
found to modify, the action of the manure, and to
set aside and defeat all the calculations and predic-
tions of the farmer. So that it not seldom happens
that the scientific farmer, who has taken extra pains
with his land, and has manured it in accordance with
the rules of science, is beaten in every respect as
regards the value of his crop by the old-fashioned
farmer who laughs at progress and has a quiet sneer
at science, who has only given his land a good stirring
and cleared it well, and kept the after crops well from
weeds and left the rest to nature. Ko that in this
wise it results that science with rome does not make
the progress it ought to make. Not that science is
wrong, but that the peculiar circumstances modifying
its influence or practice are not tnken into account
as they ought to be. That this arises from ignorance
of them there is no doubt, and it will only be when
they are widely known and fully considered that we
shall see fewer examples of disappointment and loss
arise. That climate has a remarkable influence upon
the effect of manures upon seeds, and not less upon
the growth of resulting plants, is beyond a doubt;

but how it acts, and at what precise period of their
growth, or whether it extends over a long period or
through the whole of this, we do not as yet know.
We have only arrived at that stage of agricultural
progress when the most we can do is but to conjec-
ture, and following up this, make experiments in the
hope that we shall thus deduce laws—if laws there
be, which some doubt—that regulate the action of
manures, the growth of the plants to which they are
applied, and the climatic influences which act upon
them during their various stages of growth, We
all are well acquainted with the fact, for example,
that some winds are more detrimental to the growth
of plants than others. The east and north-east winds
are pre-eminently unfavourable to rapid and healthy
growth —possessing the same influences upon plants
apparently that they do upon the human body, few
not knowing from experience how disagreeable that
influence is. Those who have closely noted the effects
of those winds upon certain crops have some very
curious and somewhat startling experiences to narrate.
But how about winds which we are accustomed to
consider genial to vegetation }—they sometimes will
act most ungenially, sometimes in quite a startling
way. And the influence of some winds in bringing
up or on insect attacks of the most pernicious kind
is but too well known.

Difficulty in ascertaining with Definite Scientific Precision
the Results of Farming Work.

At present it must be confessed—and there is more
hope of the future in plainly looking difficulties in
the face than turning one’s back upon and ignoring
them—we are surrounded with many difficulties as
regards the action generally of vegetable life. We
cannot—with the utmost degrec of precision open to
the farmer or the chemist—tell of what the soil con-
sidered as a whole consists, what are its constituents
and characteristics: even the sample, so to say, of
one part of a field affords no guide as to what that
will be of another; and even if we find this with
accuracy we cannot tell how they all act upon one
another as individuals, or how they act as a whole
—*“behave,”—to quote a chemist’s term. Nor, to
open up still more widely the field of difficulty, can
we tell how they act individually or as a whcle upon
the manures we apply, and—still further incicasing
the “ whirligigs of the problem ”—how the soil con-
stituents and those of the manure act upon the
plant. We in truth cannot yet say what are the
causes of fertility, nor how what we call, and to &
certain extent really know to be fertilising substances,
are assimilated by the plants under all conditions,
nor how what constituents are in the soil are im-
parted to and give life, vigour, and increase to the
plants. ' '
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THE STEEL MAKER.

THE DETAILS OF HIS WORK—THE PRINCIPLES OF IT8
PROCESSES—THE QUALITIES AND me'mnlsnos or
118 PRODUOTS,

CHAPTER III

Ix connection with the subject of last paragraph in
preceding chapter, which is here, referred to, let the
reader carefully note that we are now concerning
ourselves with the old, or what might be called the
ordinary steel, alone used; for it was that which
alone could be obtained before the metals of the
new processes we have named were discovered or
made in practically useful and available weights or
quantities. It is much easier to say what steel is than
what it is not ; but neither the one nor the other is
positively easy to say. Here it is necessary to state
or assume that the reader knows the two forms in
which iron is usually met with: namely, pig iron,
which, being capable of being when in a fluid state
run into moulds, is termed also cast iron ; and malleable
iron, which, capable of being hammered or wrought into
any definite form or shape desired, is also known, and
generally, as wrought iron, Of those two, the great and
broad distinction between them is that cast or pig iron
cannot be hammered or rolled into various forms, its
chief characteristics being hardness and brittleness ;
wrought or malleable iron, on the contrary, can be
hammered or rolled or drawn out into yarious forms,
its chief feature being its toughness and ductility.
We do not lose sight of the fact here, that there is a
malleable cast iron; but this, the result of a special
process which ordinary cast iron undergoes, is a
new product with new characteristics. Neither do we
ignore the fact that, although wrought iron is not cast
by being run out into moulds in a fluid state, still
there is a product of the Bessemer process which is
wrought iron, and which yet is produced in a fluid
state—the ingot metal which the same process claims
to be a steel being, in fact, in the opinion of not a few,
neither more nor less than good, or rather very
superior, wrought or malleable iron. But those two
exceptions are only g0 in name, if even they be that;
and do not affect the very broad and marked distinc-
tion between the two irons, cast and wrought, we have
specifically named above,

Various Definitions of Stesl—The Old or Recognised Metal
s0 called.

Now, steel—the old-fashioned steel, universally
admitted by all to be this—is neither pig or cast iron,
the produce of the blast, nor malleable or wrought iron,
the produce of the puddling furnace (for description of
iron making see the papers under the title of “The
Iron Maker,” etc., etc.). It is a body or substance
intermediate between the two—distinct in itself, yet
Possessing the characteristics of the two. If a defini-
tion be axiomatic, it is true to say that it is safe; but

if it be based upon unknown qualities, not points pre-
cisely and acourately determined upon, it can neither
be precise nor safe. Is it true, then—as the above
definition, such as it is, states or holds—that steel is an
intermediary material between cast and wrought iron,
any given ‘“make,” merely one of a number or series,
which begins ¢ with the most impure pig iron, and
ends with the softest and purest malleable cast iron”%
If this be s0, even the reader who may not be well
versed in the facts of metallurgy will be able, on think-
ing the matter out, to see this: That there must be an
uncertainty as to the product, seeing that the two irons
of which it is composed, different in character as regards
the classes, are, in the wide varieties of which each
class is composed, so uncertain as vegards their own
condition and composition. For it requires no great
knowledge of what the qualities of different varieties
of iron are, to know that there is a very remarkable
difference between them —this being perhaps specially
80 in the case of pig iron, which is that form of cast
iron used in the manufacture of wrought iron. When
the value of the factors of a question is uncertain,
uncertainty must be the characteristic of the value
of the product. And if one fact be more clearly esta-
blished and more generally agreed upon than another
in the subject of iron, it is that ordinary pig irons are
notorious for their impurity or impurities, even if they
be not, az they have been said by high authority to
be, merely “a medley of impurity "—the best being
bad at the best, as possessing what it would be better
if it did not possess. Let it be noted carefully here
that we include in this statement only the ordinary
cast iron made in the usual way--what in fact is com-
mercially known as “ pig,” not including the superior
quality made by improved precesses which we shall
elsewhere describe, and which is perhaps best known
as “ingot iron.” Now, apart from the fact that defi-
nitions dependent upon unknown, at least uncertain
things, must be more or less uncertain, there remains
this objection to the usually accepted definition of
steel,—that difficulties are incurred in the way of arriv-
ing at a clear and precise definition of the term, from
the fact that there are so many varieties of the iron
from which steel is made, and which from the terms of
the above definition are the ends of the chain of which
steel is, so to say, the connecting intermediary or
central link.

Contrast now the definition of steel that we have
given above, and which is that which has been repeated
again and again, and is still being so, “even in our
best text-books,” with the simplicity and precision of
this of an authority who certainly has some—we might
safely say high—claims to be one on the subject.
“Bteel,” says this authority, “is simply a compound
of iron and carbon.” Thus, as this authority states,
“ perfect stcel would be that in which nothing olse
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existed but pure iron and pure earbon; and although
this may not be attainable, the excellence of any given
sample of steel is proportionate to its approximation
to this standard.” But, as we have already stated, the
accuracy of this, or indeed any other definition, save
that we have above named as the popular one, is
keenly contested by many. The opinions on the sub-
ject are in truth, what we have said they are, “ very
different and conflicting.”

8till it is, we think, obvious that a definition of this
character is more scientific simply because it is more
precise, dealing with but two elements, each of which
are known and the qualities of both also known—
pure iron and pure carbon—in place of dealing with
elements more or less numerous, and which are not
well known—some not known at all. At the best,
what we know, or presume to know, of them is but
conjectural. We trust the reader will perceive that
there lies more in the mere definition of a material
than some are disposed to admit—that the mere
consideration of the circumstances which affect the
decision as to what the definition is to be, is likely to
lead to a better and clearer understanding of what
the material is, and this the more careful the con-
sideration given is. Ceitainly it is but in vain to
expect good results of any kind to flow from that
ready acceptance which so many are well content to
give of any definition, no matter what, simply because
the majority accept it as correct; and this on the
ground that what everybody says must be true. A
haphazard method of deciding a point, we fear, but
too often adopted ! Not a few, indeed, in their igno-
rance on the whole subject, and of the important prac-
tical point it involves, and up to which it leads, deem
the question What is steel ¥ absurd—its reply, at all
events, of no great moment in any case. Such readily
getrid of the whole matter by considering it or treating
itin the way not seldom adopted in daily life, as thus:
“ ‘What is steel?’ what's the use of asking !—any fool
knows what steel is.” No doubt each fool does know
what it is, just as he knows everything or anything
else—that is, if he himself is to be accepted as the
guarantor of his own knowledge. And no doubt his
reply would be paraphrasing the well-known saying
of a man—some other “fool”—in similar circum-
stances : “ Why, iron and steel are just- -are just—-are
iron and steel ! ”

Great Antiquity of the Art of Steel Making.

Having glanced in the first chapter at some points
of the general subject necessary to be understood, we
are now prepared to enter iuto the practical details of
steel making. This may be said to be one of the
oldest arts in which man now excels. If we except
bronze—which, from all evidence, seems to have
been the first metal used for the making of tools
used in the peaceful avocations, or of swords und

spears in the warlike occupations of life—steel is
literally the oldest of all the metals used by man.

‘We should probably use the term iron, as it is used by

most writers, to indicate the metal used by man in the

earliest stages of his civilisation; but not merely from

certain definite expressions used in ancient writings,

even in the Homeric poems, there is abundant evidence

that the metal so long known as steel, with all its dis-

tinguishing peculiarities—specially that of its capability
of giving a sharp cutting edge—must have been known

at a very early period in man’s history. Iron in its
ordinary state would not have answered the conditions
of the cases named in ancient writings ; and from the
very nature of the metal we know that it would be so.

The distinction —although not formulated precisely—
between iron, with its capability of being hammered,
rolled or welded, and steel, with that of having a fine
or cutting edge given to it, was practically known to
the earliest workers in iron. But so far as researches
have shown, though chiefly after all as far as con-

jecture has gone, it is questionable whether they had

for long a knowledge of a process of iron working by
which they could get, at will, merely malleable iron,

or steel with its different characteristic.

Steel a Chance Product of the Early Methods of Making
Iron.—Buggestive Points conneoted with this.

The probability is that, at least for a long period, the
iron workers did not really know what would be the
actual product of these operations ; that while making,
they thought, only iron, they in fact not unfrequently
stumbled upon steel; discovering, at those early periods,
modes of making this moetal which are now looked
upon, and indeed claimed, to be quite new discoveries.
We are inclined to the belief, in looking at the mate-
rials they were from their circumstances compelled to
use, and which will be noticed presently, that the early
so-called iron workers were, if their proper term be
given to them, in point of fact, steel workers, to a
much larger extent than what some of us are inclined
to credit. That steel, even at a very early period in
the history of civilisation, must have been made in
large quantities, or rather weights, is evident enough
from all we read, and all that we conjecture-—and
that with so much reason that we may accept of it
as fact; the use of weapons of war, such as swords,
spears, javelins, arrow-heads, and the like, and at
later stages of the terrible weapon of the middle ages,
the battle-axe, must have been vastly more extensive
than a merely passing thought given to the subject is
likely to lead one to conclude. Those numerous hordes
of powerful warriors, yet undisciplined, and the even
still greater armies of disciplined troops, must of
necessity have required weapons which in the aggre-
gnte must have represented really enormous weights
of metal.
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THE MARKET GARDENER.

His WORK IN PRODUCING IN BULK, VEGETABLES, FRUIT,
AND FLOWERS,

sttt

CHAPTER IIL
Barly History of Vegetable Culture—England continued.

FroM what in the preceding ‘chapter we have said «f
the condition both of farming and gardening in the
Low Countries of the Continent, and of the traffic in
vegetables carried on between those localities and our
own country, the reader will be prepared to learn that
market gardening first began to be practised as a speci: 1
trade in the vicinity of the Metropolis. This arose not
merely from the fact that the port of London was the
centre of such Continental traffic as then existed, but
because the wealth of the country being chiefly concen-
trated there, and the population being of the densest,
there was naturally a better market offered for such
produce as the market gardeners could supply, and in
which higher prices could be obtained than in the pro-
vinces, It was long indeed before the trade extended
its operations to the outlying districts of the country.
Kent, Essex, and Surrey for long monopolised it ;
and it is in those counties that it flourishes now on
the largest senle and in its" most complete develop-
ment. Now, of course, other large cities have their
localities and systems of market gardening—to wit,
Manchester in the northern and Birmingham in the
midland counties. In the neighbourhood of those
cities—and in naming them we exclude from the list
other large and populous places simply from lack
of space—the work done in point of scientific utility
and practical technical skill in market gardening, is
second to none.

Importance of Market Garden Produce, Vegetables and
Fruit, as Yood for the People.—Inocreasing Consumption
a Feature of the Times we live in,

Such is the growing taste for vegetables amongst
all classes of the population, that there may be said to
be a difficulty to make the supply capable of meeting
the demand. Already the production of what may be
called the common vegetables, as cabbages in all their
varieties, carrots, turnips, peas, and salads, can only

be characterised by the term ¢enormous” ; while even

of the less commonly used and much higher priced
produce, such as asparagus, the supply is each day
becoming larger and larger. The land occupied in the
growing of market produce cannot be far short of
forty millions of acres for the United Kingdom, while
the capital employed can only be guessed at; it may,
however, be put down safely as embracing a few
millions—probably four or five. But great as the
consumption of vegetables is in this country, it may
perhaps surprise many of our readers to learn that in
our culinary system, nationally considered, vegetables

play a very secondary part. We have to cross the
Channel before we can understand how much more
important a part they could play in our domestic
economy if we willed that they should. The further
north we go, the less important a position do we
find vegetables occupy in our domestic cuisine or
cookery., And just as we find that not only is
there a much greater variety of individual crops,
but a much higher rate of consumption, through-
out England than there is in and throughout
Scotland, so do we find that the comparison can
be made with similar, but much more pronounced,
results between England and the Continent, Half,
if not all, the pleasure of Continental travelling
lies in the bhabit of taking advantage of the wide
and varied fields of observation; and nothing sur-
prises the observant traveller who for the first
time goes what is generally called “abroad ”—as if
there were no other places in the “ wide, wide world”
deserving the term—as the wide variety of vegetables
placed upon his table, to say nothing of their large
consumption by all classes of society, and at almost
every meal. He meets for the first time with vege-
tables he may not have read of, even though he
may be called a widely-read man ; but even of those
familiar to him he sees such a wide variety, such a
number of *species,” as completely to surprise, if not
to bewilder him, There is no doubt that we have
yet nationally much to learn in the matter of the
“economy of vegetables,” as it may be called—not
merely in the way of adding so materially to the
food of the people, increasing its economy, but also
as playing a most important part in promoting and
maintaining sound and vigorous health, At present,
large as is the consumption of vegetables amongst us—
very large as compared with that only of some forty or
fifty years ago—it is confined almost exclusively to the
rich, atd to the better-off people of the middle classes.
We here re'fer, of course, to the regular consumption
of vegetables as forming an important and integral
part of our daily food. Occasional consumption of
vegetables may, of course, be said to be the character-
istic of all classes, even of the poorest. But with the
great majority of the industrial population the only
vegetable seen regularly on the table is the “universal
potato.” It is only occasionally that a cabbage or
turnip is met with at their meals; they form no part
of the daily cooking, daily looked for and enjoyed.
Indeed, amongst the very pocrest it may safely be said
that if they get potatoes they consider themselves well
off; and it is only the rarest chance which affords
them the taste even of a simple cabbage. But there
is no doubt that, nationally, we are learning much
this great and important department of domestic
economy. A good deal of the indifference met with
about it has arisen largely from prejudice.
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THE CALICO PRINTER.

THE CHEMISTRY AND TECHNICAL OPERATIONS OF HIS
TRADE.

CHAPTER V1L
ON THE DIFFERENT CLASSES OF PRINTS OR
“ smn""
Ir is frequently possible to produce the same printed
effect in two or more different ways—that is, by using
different kinds of dyes and adopting different processese
Thus, a print consisting of a pattern containing, say
scarlet, black, green, and blue, and having almost
exactly the same appearance in each case, can be ob-
tained in at least four different ways, which may be
enumerated thus: (1) Fast extract style; (2) Turkey
red discharge style ; (3) Pigment style; and (4) Loose
steam style ; besides one or two other methods kept
secret. Of these the first three are fast effects, the
last loose ; but in each case a print differing but little
in appearance will be obtained. It is also possible
to produce the same by a combination of two of these
styles; thus, the extract method may contain pigment
colours,- For convenience, however, we class calico
printing into nine great styles, according to the deserip-
tion of colours of which the print is chiefly or entirely
composed. These ¢“styles” may be classed as follows :—

1. Pigment style, in which the colours consist of
“pigments ” or mineral substances which are fastened
to the cloth by the action of albumen and heat.

2. Loose steam style, in which the colours mostly
wash off in cold water. The dyes are dissolved in
water, alcohol, acetic acid, and applied with starch, etec.

8. Fast steam style, comprising the great majority
of colours in common use. The colours comprising
these are frequently used in combination with alizarine
extract colours.

4. Extract alizarine style, containing alizarine
colours ; these are fast colours, .

b. Alizarine dyed style.

6. Resist style.

7. Discharge Turkey red.

8. Di charge indigo.

9. Discharge bronze,

Although these divisions include the majority of
colours in general use amongst calico printers, yet it
does not embrace every class of work; for instance,
Printed Indigo style is a modern and highly developed
department of printing which is not referred to above,
but which finds treatment appropriately elsewhere,*

1. Pigment Btyle.
This style comprises prints in which the whole or
part of the colours are pigment—or mineral—colouring
* The author has treated this subject briefly in a “ Note " in

vol, i. of the TECHNICAL JOURNAL, page 186, to which the
reader is requested to refer.

matters, which are insoluble before being applied. The
pigment, in a very fine powder, is intimately incor-
porated with a glutinous paste containing some such
substance as will, by the action of heat, fix, cement
or glue it to the cloth. The agent now almost in-
variably employed is albumen, Albumen dissolves
in cold water, and forms a thick glutinous paste,
which can freely enter the fibres of the cloth. On
mixing the pigment with this paste, printing and
steaming, the albumen coagulates or becomes insoluble,
and firmly holds the pigment—by simple mechanical
adbesion—to the fabric. We give a few practical
recipes for the preparation of various pigment colours
for the printing machine.

ULTRAMARINE BLUE.

Deep Bl . R
Ultramarine, deep blue shade . . . . 174 1b,
Water . . . . 1 gall,
Mix smooth, and add gmdually, vmh cu‘eful stirring,
Blood albumen (8 Ib. paste) . . ., ., 2} galls,
Pigment paste* . . . , ., . 1 ,
Pale Diue,
Ultramarine, light shade . . . . 2% 1b.
Water . . « « + + S8}pints
Egg albumen (6 Ib. paste) T ()
Gum dragon (8 oz. paste) e e e o220,
PIGMENT SCABLET.
Derp Shade (aeldom used).
Vermilion . . . . . . 20 1b,
Water . . e o 2gl,
Mix into a smooth paste and mix mto
Pigment paste . . . . . 2
Blood albumen, 6 1b. per gallon . . ¢ ,
Vermilion is largely used in discharge indigo stylc.
PIGMENT RED,
Deep Shade (seldom used),
Pigment red paste (lead oxide), . ., , 20lb,
Water . . e+ s+ o 2}galls,
Mix into a smooth pa.ste thh
Pigment paste . -
Blood albumen (6 lb per gallon) . . .3,
P1aMENT RED ULTRAMARINE,
Pale Shade (aelri(rm used),
Ultramarine red PN e .. B0In
Water . . . . 4l
Gum dragon (8 oz, pnr gallon) . . . 2,
Albumen . . . . B . 4,

PIGMENT GREENS,
Darlk Chrome Green,
Chrome green paste (mostly hydrate of chromium) 15 1b,
Mix gradually into a smooth paste, if necessary

P TR N

wauoL . . . 2 galh.
Add gradually, w1th oonstant sti.rrlng, to a paste
consisting of

I’igment paste . . . . . . 1 gnll

Blood albumen (6 Ib, per gallon) . . . 8 galls,

* The composition of the pigment paste referred to in thes:
recipes is given in Chapter III., page 170, vol. i. of the
TEOHNICAL JOURNAL., See also Chapters II. and III, for
paste, eto.
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- Light Chrome Green,

Dark green, as above . " v v .. bgals
Gum dragon (8,0z. pergallon). . .. ., &
Extract paste . . . 2

These two shades of gresn, and others near them, are very

largely used
PIGMENT BROWNS,

Pigment brown (mostly hydrate of iron) . 12} 1b,
Water, mixed smooth . - . e e 1} galls,
Pigment paste . . . . 8
Blood albumen (6 1b. per gallon) . . 2y,
Gum dragon . . A

Mixed in the same manner as dark pigment green. Many
qualities of pigment brown in the market, when made into

#colour ”’ in the above manner, and reduced with gum dragon

about 10 to 80 times, give various shades of duf.
Pi1GMENT BUFF.

" Pigment buff (hydrate and carbonate of iron) 10 to 40 oz,
Water, mixed smooth .. . 1to4 pints.
Added gradually to
Gum dragon (8 oz. per gallon) . . . b galls.
Egg albumen (4 1b, per gallon) . 1 to 4 quarts.

Buffs are also produced by reducing brown mixed with yellon
pigments.
PIGMENT YELLOWB AND ORANGES,
Deep Clarome Tellow.
Pigment yellow paste, containing 60 per cent. of solid

yellow chromate of lead . . . . 1 gall.
Mixed gradually with
Gum dragon (8 oz. per gallon) -, . . . 1,

Pigment paste . . . . . 1,
Blood albumen (4 1b. per gallon) 2,
or if it be neccessary, use egg albumen in place of blood.

Light Chrome Yellon.
The above reduced with an equal measure of gum dragon
gives a moderatcly pale shade.
Deep Orange.
Pigment Orange paste, containing 50 per cent. of red

chromate of lead . . . . 8} quarts.
Mixed in same proportions as ycllow
Pale Orange is seldom applied.
PIGMENT OLIVE.
Pure Shade.
Dark Pigment Yellow . . v e e b galls.
21b. Pigment Black o o 1 to 8 pints,

To obtain a bluer shade mix with pigment chrome green.

PIGMENT OLIVE.
Dark Brown Shade,
Dark Pigment Yellow . N . 2 galls,
Dark Pigment Orange . . . . . 8
2 1b, Pigment Black . . % pints to 1 gall.

Dark Mixture Green, No. 1

Dark Ultramarine Blue colour, as above , . 8 galls.
Deep Chrome Yellow,as below . . , 1,
Gum dragon . . T

Dark Mixture Green, No. 2.
Bubstitute the Ultramarine in Green No.1 by Prussian Blue,
and g rather duller shade of green is obtained, which has the
disadvantage over the latter that it does not stand dilute
alkalies nor strong soaping,

ents used more or less
kry and America and the
mixed in & similar way to

There are other pi
extensively in this cou
Continent, but which arp

the above, and therefore need not here be further
noticed,

Most of the pigments, when fixed with the
requisite amount of albumen, form colours unsur-
passed for fastness against friction, light boiling
soapsuds, and air. We may mention, however, as a
notable exception, Prussian blue, which is readily
destroyed by strong soap solution. Ultramarine,
although fast against soap, is at once destroyed
by dilute mineral acids and many salts.

2. Loose Steam Work,

This consists of effects produced by printing solutions
of any colouring matter with or without mordant, and
steaming, which either partially fixes them or simply
brightens them. It need hardly be added that, as the
name implies, they give colours which are mostly not
intended to withstaud washing in water, or other
strong influence. The most important colours which
are chiefly used for this style are cochineal, aniline
scarlet, many loose aniline colours, and many wood
colours. In most cases the solution of the dye is
simply mixed with starch paste and printed on, and
the goods then steamed and passed through cold
water open, and dried. In some cases a little of
a tin salt, or cream of tartar, or other substance, is
added, in order to “spring” the colour or brighten
it. All the examples of loore stenm colours given
below are for moderately deep shades.

LoosE STEAM SCARLET.

Aniline Scarlet, Ponceau, or Croceine 34 1b.
Pour on this, with stirring, boiling water 3 quarts,
Pour the hot solution, with stirring, into hot

starch paste (1 or 1} 1b. paste) . . 17 quaris.

This gives an exceedingly brilliant scarlet, which, of course,
washes off in cold water, Beforc the discovery of aniline
scarlet, cochineal served the same purpose.

Loosk STEAM BLUE.
Alkali Blue . . . . .
Acetic acid at 4° T, . .
Warnm till dissolved, pass thx ough ﬁno calico,and
.add toalum in a starch paste (sec p.170,vol.i.) 44 galls,
This is an exceedingly bright and pure blue.

. 10 ounces.
4§ gall.

LoOBE STEAM YELLOW.

Auramine powder . . . . 2} 1b,
Acetic acid at 3° T. . . 1 gall.
Heat till perfectly dlSBO]Ved :md mix into
alumina starch paste 4 galls,
. 10 ounces.

Then add citric acid, powder . . .
Mix till all dissolved.
LOOSE STEAM GREEN.

Aniline Crystal Green . 15 ounces,

. . . .

Acetic acid at 3° T. . . . . 1 gall.

Alumina paste . e e . . 4 galls,
Loose STEAM VIOLET.

Methyl Violet, powder . . . . . 10ounces

Aceticacidat83°T. . . . . « . lgall

Starchpaste . . o o+ .« . 1y
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THE BOAT AND SHIP BUILDER.

OUTLINES OF THE PRINCIPLES AND PRACTICE OF HIS ART.

CHAPTER V.
Ix the last paragraph of preceding chapter we drew
attention to certain points connected with force and
motion to be taken into consideration, and stated if
forces were equal in amount, there would be no motion
in the body. If they are unequal, the stronger force
will influence the wenker, and not only destroy the
force of the latter, but impart what may be called

il
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the surplus of its forces to it, so that the wenker
will be compelled to go back, as it were, and follow
the direction of the stronger force. Thus we can
suppose a steamer capable of going along under steam
at the rate of ten miles an hour, but to be under the

THE BOAT AND SHIP BUILDER,

of ten miles an hour. Two boats or floating bells, one
of which (a, fig. 7) was driven in the direction of' the
arrow b, with a certain force calculated to carry it to
the point e, meeting another boat, as ¢, driven by a
force d, equal to force b, would meet at a point e, ‘central
to both, and would stop there—motion being, so to
say, destroyed, the two equal forces b and & havipg
neutralised each other, as explained in the paper on
mechanics above alluded to. Motion is always in
straight lines, The boats or balls f and ¢, acted
upon by forces g and j, will proceed in the straight
lines g /& and j %, coincident with the lines of direction

of the forces g and j. The forces we have named act
either in the same direction as nbove just alluded to,
or in opposite directions, as at b and d, and may be
either single forces or each the sum of several forces.
But a vessel, asat a, fig. 8, may be placed under the

influence of a tidal current which we may suppose to
run also at the same rate of ten miles: if the direction
of the current exerting a force equivalent to a motion
of ten miles an hour be the same as the direction in
which the vessel is working under steam, the force of
which is equivalent to an equal rate, the speed of the
vessel will be twenty miles an hour. If the vessel
were steaming against the current she would make no
headway at all, but would simply remain stationary—
the forces being equal; but if she ceased steaming
she would be carried back by the current at the rate

influence of two forces, one of which acts in the
direction of the arrow b, and the other in that of the
arrow ¢. In this case we have two forces acting in
directions quite different from each other—so much so
that they diverge from a point which is common to
both at right angles. We shall see presently that
the angle may be other than a right angle, and how
the difference of the angle made by the two lines b ¢
and d f influence the direction of motion. The young
reader, in thinking over the condition of a vessel, as g
in same figure, as acted upon by a force represented
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by the arrow %, and by another force represented by
the arrow ¢, but in another direction, mjght and at
first probably-would suppose that the vessel under
the influence of the two forces would, to use the
popular phrase, be hauled or “slewed” rouad, as it
were, somehow in a direction be'ween the two direc-
tions of forces % and i, intersecting in the point j,
thus going in a curve more or less pronounced, as
shown in dotted lines. But, as already stated, motion
is always and paturally taken in a straight line; the
new line of motion will therefore not be as just
stated, but be in a straight line, oblique, or at an
angle to the lines % £, </, and g, as in the line j m.
This course, somewhere between the two lines of
forces, which is the result of the action of these on
the same body, as g, depends for its direction on the
obliquity of the angle, as % j m or A j m, and this upon
the relation which the two forces represented by the
arrows & and ¢ have to each other.  Thus, suppose
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Fig. 9.

that, as in diagram fig. 9, we have a body, say a boat,

a, placed under the influence of a force represented

by the arrow 4, which would, if acting alone, carry the

body @ as far as the point ¢, at which it would come

to rest. The body a is, however, placed under the
influence of another force represented by the arrow
d, which, if acting alone, would carry it to*the point
e, where it would come to rest. As the result of
those two influences, which the reader must remember
are acting on the body simultaneously—that is, pre-
cisely at the same moment of time—the body moves
off in a direction between the two forces b and d, as
shown by the arrow g, and to a distance £, just as if
there were but one force, acting in direction of arrow
k. This point f is at'the angle where the two lines
produced from points ¢ and e, and parallel to a ¢, a ¢,
meet. In other words, the direction of the new
motion is the diagonal of a square, and the length of
‘the line is equal to that diagonal, and is just as much

b4

longer than the length of line, as a ¢ or a ¢, due to one
or other of the forces b and d taken singly, as the
diagonal, a f, of a square is longer than the side of it,
asaeor ac It follows, therefore, that this diagonal
will vary in length as the difference between the two
forces varies: where the forces are equal, as in fig. 9,
the diagonal is that of a square;- where they are
unequal, as in fig. 10, the diagonal is that of a
parallelogram. And this is found thus: Let « be
the body placed under the influence of a force, as b,
which, acting alone, would carry it to the point ¢,
where it would come to rest; let d represent a force
which would carry the body o to the point e: the
length and direction of the diagonals are found Ly
drawing lines parallel to a ¢, a ¢, which meet and
cut each other in a point, as /. We thus have a
parallelogram, « e f ¢, the dingonal of which, as « f,
gives both the length and the direction of the line
of motion. This new line is called technically the

“resultant” of the two forces, and any one of the
diagrams we have obtained in figs. 9 and 10, as a e fe,
acf e is known as the “parallelogram of forces.”
In all cases the body, as @ in figs. 9 and 10, will move
in the direction under the influence of two forces no
further from the point @ than the extremity, as f a,
a line which s the dingonal of a parallelogram the
sides of whicharea ¢, a e. And this holds equally true
whether the lines of direction of the two forces are
at right angles to each other, as in diagrams 9 and 10,
or oblique to each other, as in fig. 11, at a and b, acting
onc¢. If these forces acting upon the body c are equal
to each other, the distances to which each will carry
the body, if acting singly, will be equal, say to points
dand e¢; and by producing from these points lines
parallel to ¢ e and ¢ d, they cut or meet in the point
J» forming a parallelogram known geometrically as a
rhombus, the diagonal of which, as ¢ £, is the length
and the direction of the new line of motion, as if
the bady ¢ were acted upon by a single force, as at b.
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The length of the diagonal and the form of the
parallelogram of forces depend upon the relation of
the angles of the lines or direction of the forces to one
another. Thus, in figs. 9, 10, and 11, we show forces
acting at different angles ; these acting as at b d, fig. 9,
will form either squares, as in the diagram, or
rectangles if acting as at b d in diagram fig. 10. The
forces acting at the angle ¢, fig. 11, will form a
rhombus, a8 in diagram ; and those forces acting as
at o and b, fig. 12, will form a lozenge-shaped figure
or rhomboid, as in the diagram. The more closely
the lines of the forces act together, converging towards
the body on which they act, the longer will be the
diagonal. Thus, in diagram fig. 12 we have the
lines of the two forces ¢ and b approaching pretty
closely to each other as they strike the body at c; the
direction in which the force b tends to drive the
ball ¢ is in the line & d, that of the force a on ¢ is
the line c e; the resultant of these two forces is a
long diagonal ¢ £, and a narrow compie :ed-looking

If the forces act in

parallelogram of forces,e d fe.
opposite directions, but crossing each other’s path

obliquely, the diagonal is short. The parallelogram of
forces in this case is shown in fig. 12. In this the
body g is struck simultaneously by two forces 7 and <
acting in opposite directions, but obliquely—the force
h tending, if acting singly, to drive the body g in the
direction & g j, that of force ¢ in the direction< g % ;
the resultant of these is in the direction of the short
diagonal g !/, the parallelogram of forces being com-
pleted by drawing from points j and % lines parallel
to the lines of direction of forces g %, g j, meeting in
point I; the points j and % are those to which the
forces & and 4, supposed to be equal, would carry the
body at g, if acting singly. 'We thus see how the
length to which a body moving under the influence
of two forces striking it simultaneously is dependent
upon the relation or position of the two forces or
their lines of direction have to each other. Thus, in
diagram fig. 9, the body @ runs but a- very short
distance, as a f, but in first diagram fig. 12, it runs

a long distance, as ¢ f, the forces in both cases
being equal. It will be obvious that the less oblique
the lines, as . 7, diagram fig. 12, are, the shorter
will be the diagonal, as g/; and we can conceive of the
forces approaching nearer and nearer the porition of
a straight line till they are exactly opposite each other,
but in the same straight line, when all diagonals
would be obliterated, and if the forces were equal the
body would be kept at rest in a position central to
the two. When we have a combination of forces

4

i
Fig. 12.
acting in different lines of direction, and with different
pressures or degrees of force, we may have a series
of parallelograms of forces which have all the same
diagonal, this being common to the whole of them.
This we illustrate in diagram fig. 13, in which the

Fig. 18. )
line « b is the dingonal of the parallelogram a b ¢ d,
being ‘the res:tant of the two compound forces
eand f.
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THE GRAZIER AND CATTLE BREEDER AND
FEEDER.

THE TECHNIOAL 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 VII.

In last paragraph of preceding chapter we stated that
at one time the breed of the West Highland or Scotch
black cattle were scattered all over the hill-pastures
of the north of Scotland. But in many of those
Highland districts the breed has almost, in some
wholly, disappeared. 8till over the exteusive pastures
of the counties of Inverness and Argyle, on the
exposed pastures of the islands on the coast, and
throughout the uplands of Perthshire, Dumbartonshire
and Stirlingshire, the breed is met with in herds,
more or less numerous. By far the largest, if not
indeed the finest, herds of the breed are to be met with

Fig. 6.

in the islands of Skye and Uist; but, as stated, they
are to be met with throughout all the western islands.
The pasturage there met with seems to suit the breed
admirably ; though the inland pastures, such as those
of Perthshire, are said to give better bone than up-
land or sea-margin pastures. The moisture and the
general geniality—at least, absence of extreme cold
weather during the winter months—of the climate of
these sea-washed islands seem also to contribute greatly
to the high development of the breed. In fig. 6 we
give a sketch showing the characteristics of this most
interesting breed, from which will be seen its claim to
be distinguished as & long-horned animal. In some
cases, indeed frequently, the horns, while they have a
fine curvature, branch out laterally—thyt is, more
horizontally than those in the sketch ; and this to
such an extent as to make a “horned head” of a
West Highland ox a meet and a striking ornament for
the hall of a Highland laird, or to adorn the *shooting

box ” of the “rich southron,” who now so frequently
represents him, The following is a description of the
breed, from the pen of a well-known authority on it :—

‘“There are perhaps few animals familiarly known
to us so graceful in form, colour, and movement as a
thoroughly well bred Highland ox or heifer. In form
it possessesall the characteristics so much and so justly
prized in the shorthorn—the straight buck, the short
legs, the broad chest, the breadth of loin and depth of
rib, and, in short, the ‘ squareness’ and solidity of form
which always imply weight, whether in man or beast ;
while the noble branching horns, the fine, full, and
fearless eye, the short, broad, well-bred muzzle, the
shaggy coat of richest black or red or dun or brindled
colour, impart a picturesqueness which is still further
enhanced by that grace and deliberation of movement
so distinctive of all animals reared in perfect freedom.
All these characteristics of the breed are frequently
found in the Highland oxen exhibited at our Christmas
shows ; but there the most attractive appearance does
not carry the prize. The more sentimental anc less
earthy points, however much they may denote purity
of breed, are overlooked by matter-of-fact judges of
fat stock, and the prize goes—very properly perhaps—
to the futtest, but not to the finest beast.”

The Bussex Breed, one of the ‘‘ Middle-Horn "’ Class,

As an example of the ‘“middle-horn” class of
English fattening cattle, we give the following illus-
tration and description of its leading characteristics.
The breed is chiefly confined to, at least is most highly
esteemed in, and seems suited to the localities of the
county which gives it its name. But it is one of the
now many varieties of the original or native breed
of England to which we have already referred: In
general appecarauce it is somewhat like the Devon—
is, like it, red in colour; but, larger and coarser, it
lacks the fine qualities which make the Devon so
highly prized. 'The Sussex breed has a high repu-
tation as a draught beast ; but animuls subjected to
the heavy work of plough and waggon driving, how-
ever well fed and otherwise cared for, can scarcely be
expected to yield the fine quality of flesh so valued by
the butcher.

Of the breeders of this class of animals the name
of Mr. John Ellman, of Glynde, stands perhaps the
highest. But other breeders, as Mr. H. Colgate, of
Bramfield, Mr. Vittle, of East Farley—in Kent, not
in Sussex, Mr. Carr, of Bidingham, and Mr.
Carnegie, of Westham, should be recorded as amongst
early breeders, Of the more modern ones there
is a long list, all recorded in the “herd book” of the
breed, amongst which stands most honourably the
name of Mr. Edward Cane, of Berwick’s Court, who
has done much to improve the breed. The following
from the pen of a high authority gives a description
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of the characteristics of the breed—a bull—of which
the illustration in fig. 7 shows the head of an ox.
“Head rather long, muzzle fine, eyes prominent
and lively; ears thin; horns fine, white, and pro-
jecting horizontally from the head, turning up a little
at the points; the neck rising to a curve from the
shoulder, and small where it unites with the head—
top of the shoulder joining full to the chine; bosom
and chest broad ; legs straight and fine ; broad loin,
hips projecting, with round and springing ribs,
quarters long and level from the rump to the hip,
leaving but small space to the first rib; the tail
round and thin, laying close between the wide rumps;
colour a dark red—sometimes dappled with spots of
lighter red, tending to yellow over the loins and
rump ; tip of the tail generally white. The true
cow, of good shape, has u red colour; fine hair; skin
soft, mellow, and thin; small head; fine horn, thin,
clear, and transparent, projecting horizontally from
the head, and turning up at the points; neck very
thin, and clean; small bones, straight top and

. Fig. 7.

bottom, with round and springing ribs, thick chine;
loin, ribs, and rump wide ; a fulness in the chest and
twist, added to the properties required of a dairy cow,
making a complete character ; but it is in Sussex as
in most breeding counties,—the dairy has become a
secondary consideration.

“The colour varies, like the cattle of Devonshire,
from a light red, or even sandy, to a dark liver colour,
with gold or flesh colour round the eyes and muzzle,
the nose and horn seldom so near a light wax colour
as the Devons, nor is the tip of the horn so commonly
black, the whole horn being more of "a mixture of
red and yellow, tending to black at the tips. The
length, turn, and colour of the ox-horn will often
be found to take a medium character between the
Hereford and Devon, from which some idea may be
formed that the breed partakes of a cross between
these two; and, however some individuals may re-
semble the best Devons so strongly as to make it
difficult with the first judges to determine, yet it will
be found that they have generally a larger frame

than the Devons, and considerably more bone than
either of those breeds.”

Midway between the middle-horn and the hornless
or polled breeds comes the “shorthorn,” which we
have fully described in preceding paragraphs, and of
which, as filling vp our illustrations rhowing the

heads of the various breeds, we give in fig. 8 a sketch.
The Polled or Hornless Breed of Fattening Cattle,

Of this class there are several varieties, the first
we name being the Suffulk polled—with which are
classed the Norfolk polled cattle. Of this class of
hornless cattle we give in fig. 9 a sketch of a head.
The two breeds now named are by some writers
considered, in point of fact, but one, and that is
the Norfolk. Certainly more than one herd was
named as “ Suffolk” when they nevertheless were in

Fig. 9.
reality * Norfolk ” polled cattle, having keen brought

from that county. The native or original Norfolk
breed of cattle are of hardy constitution, thriving
under circumstances whkere other and finer breeds
would not do so well. They are small-boned, stand
sbort in the legs, and the loins are good and clean,
thighs thin, and bodies or bowels well rounded. The
flesh of the -later breeds is highly esteemed by the
butcher, and under favourable circumstances the cattle
fatten pretty rapidly. The favourite colour is & blood
red, with a mottled, sometimes a white face. The
“Suffolk ” breed have much the same peculiarities;
but if early history is to be trusted the colour was
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dun,—red, red and-white and mottled were the later
colours, The breed is very hardy, and feeds well upon
the thin pasture, grasses of the county, where other
breeds would do little more than hold their own, if
they did that. The breed has been much improved
of late years, It is a disputed point whether the
present or modern Norfolk polled breed is not a cross
breed ; the cross having been taken almost wholly
with the Scotch polled breed known so widely as the
« Galloway.” That large numbers of this Scotch breed
were from a very early period in the history of the
county brought into Norfolk is a well established
fact. There is therefore every probability, in the face
of this, that the native breeds were crossed with those
animals, But whether the Norfolk native qualities
dominated, or those of the Galloway, some writers
hesitate to decide definitely upon., Others hold
that the Noifolk and the Suffolk—for this breed
also was under the same circumstances as its sister
county—dominated the cross, giving its peculiarities
to the breed as it now is. One point in favour of this
view is that the deep blood-red shade of the Norfolk
is not thared in by the Galloway, in those animals
of the breed which are red, the shade of this being
lighter. The following is a description by a good
authority of the points of the “ Suffolk polled ” breed :—

“ The points admitted are a clean throat, with little
dewlap ; a snake head ; clean thin legs and short; a
springing rib and large carcase; a flat loin, the hip
bones to lay square and even; the tail to rise high
from the rump. This is the description of some
considerable dairymen. But if I were to describe the
points of certain individuals which were famous for
their quality of milk, it would vary in several points—
and these would be such as are applicable to great
numbers,—a clean throat with little dewlap; a thin
clean snake head; thin legs; a very large carcase;
rib tolerably springing from the centre of the back,
but with a heavy belly ; backbone ridged ; chine thin
and hollow; loin narrow; udder large, loose and
creased when empty; milk-veins remarkably large,
and rising in knotted puffs to the eye. This is fo
general that I scarcely ever saw amongst them a
famous milker that did not possess this point. A
general habit of leanness, hip-bones high and ill-
covered, and scarcely any part of the carcase so formed
and covered as to please an eye that is accustomed to
fat beasts of the finer breeds. But something of a
contradiction to this, in appearance, is that many of
these beasts will fatten remarkably well; the flesh of
8 fine quality ; and in that state will feel well enough
to eatisfy the touch of ekilful butchers. The best
milkers I have known have been either red, brindled,
or yellowish cream-coloured.”

Beotoh Breeds of Polled or Hornless Cattle.

Galloway, the locale of the Scotch breed above
alluded to as having probably given a cross with the
Norfolk breed of polled cattle, is in the south-west
coast of Scotland, end is made up of the counties
of Wigtown and Kirkcudbright. The breed has long
been a celebrated one, was highly esteeme d as early
as the beginning of the sixteenth century, and up
to the beginning of the present century has held
the position of the most important breed of Scotland
—when its supremacy was challenged by other and
now more celebrated breeds. The colour of the breed
is generally black, but red is met with, especially in
the herds which can boast of the highest lineage.
The following is a graphic description of the Galloway
polled breed, from the pen of a high authority :—

“These are less stately, less magnificent, than the
Angusshire oxen, the pride of Aberdeen and the
northern feeders, and with which Scotch farmers
astonished the Parisians at the great lnternational
Exhibition ; but they are perhaps more characteristic
and more distinctly stamped by nature as an original

breed than their weightier rivals. The Guallowsy ox,
like & good hunter, is long and low, having a well
rounded body upon short legs. His hair is long,
soft, and glossy; the ears are large and shaggy, and
well supplied with hair inside, the excellent provision
of nature to meet the wetness of the climate. When
slaughtered, the flesh and fat are found distributed
in & manner fitted to produce the most satisfactory
roasts and rounds.”

The other polled breeds of Scotlund are the
Aberdeen and the Angus—and of these the last
named is perhaps that to which the greatest atten-
tion of the grazier has of late been paid. The
“ polled Angus” (see fig. 10) breed owed its existence
to the late Hugh Watson of Keillor, as noted for
his high character as o man as he was energetic
and successful as a breeder. Watson, in fact, did
for the polled breeds of Scotland what Colley did
for the shorthorn.
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76. The Working Condition of Belts.
As we did not exhaust all the points in connection with
the condition of belts as regards their pliability in our
lust note (No, 62, p, 338, vol. i.), we take up what remains
to be said on this subject before proceeding to other
and interesting points connected with this important
subject of belt and pulley driving. The following is
one of the somewhat elaborate softening stuffings for
a belt alluded to in the last note: “Two pounds of
tallow, one pound of bay-berry tallow, and one pound
of beeswax, heated to the boiling point, and applied
directly to both sides by a brush—after which the
belts are held close to a red-hot plate to soak the
beeswax in, which does not enter the pores of the
leather from the brush.” Before applying this mix-
ture—which ordinary good tallow and beeswax would
represent very well, as the other ingredient is not
easily or generally obtainable—the leather must be
perfectly dry, otherwise there is a chance of burning
it during the process. The engineer who recommends
this mixture to render the belts plinble states that
while a piece of belting, thoroughly dry, was boiled
for nearly an hour in the very hot composition,
withou’ sustaining injury; another piece, but which
was damp, by being subjected to the same process,
was burnt up or made quite crisp, immediately on
immersion in the hot fluid. We confess to feeling
that in the hands of some careless workmen and
apprentices we have had from time to time to deal
with in our work, the chances of loss or injury from
this cause would prompt us to be cautious in trying to
gain what advantages there may be in this special
application, seeing they were to be gained at a certain
amount of risk-—what, indeed, some would pronounce
to be great risk. If belts are to be treated specially at
all—which, as we have seen, some seriously object to,
and do not consider necessary—certainly a mode of
treatment should be adopled which is likely to change
the condition of the leather as little as possible;
and not to introduce more than the ordinary amount
of risk run by treating it on any method. For all
methods are distinctly stated by some authorities to
carry risks with them. The whole subject is indeed
surrounded with the uncertainty which is the result

<

of numerous systems or methods having been carried
out, without any attempt even—so far as we know—
to conduct the trials in a systematic way, in order to
arrive at some definite trustworthy result. The points
certainly seem to be very definite indeed, just as they
are as contradictory in principle as they can well be.
When one class says belts (.. the leather) should
never be “doctored”—that is, subjected to any applica-
tion which, if used at all, is generally greasy or oily
in composition, but should be left in the natural or
normul condition—and when another class takes pre-
cisely the opposite ground, a third class may well be
pardoned if its members say, ¢ Well, those two views
are totally irreconcilable: which of the two is the
right one %—both cannot be right, unless indeed a new
law is found to exist, so that in place of six and six
being twelve, they may with perfect truth at one time
be nine, and at another with equal veracity be eight
or ten.” What can the tyro in machine and belt and
pulley gearing do when he hears one practical man say
—uas practical men have said—-“ Frequent application of
neat’s-foot oil promotes regularity of speed, durability
of leather, economy of use,” and on the other side
listens to another practical man—* The application of
neat’s-foot oil to belts opens the pores of the leather
and destroys the adhesion of its parts, and in a very
short time renders it flaccid and rotten,”—in brief
terms, ruins it? At the same time the -young and
inexperienced machinist may have this ground of hope
opened up to him,—that such remarkable discrepancies
of opinion may be reconciled if it be remembered,
what in scientific investigations is but too frequently
forgotten, that the conditions of the trials may make
all the difference in the practical result. Have the
results of the so-called comparative observations been
obtained by using the same materials? For comparison
cn only be made when the case is the same. Now, as
there are faggots and faggots, so there is leather and
leather, and neat’s-foot oil and neat's-foot oil; and,
though these may be agsumed to be the same in both
trials, they may be vastly different in composition, and
this will make a great difference in the value of the
so-called experiments. Now, many of the somewhat
startling discrepancies which are found to exist be-
tween the results of experiments sa¢d to be conducted
in the same way, may be accounted forin this. They
have not been the same—quite different, indeed, in
reality. Asthe habit of making experimentsis a very
useful one, and should be cultivated and carefully
trained, we would counsel the young machinist to
try some experiments himself to test this much dis-
puted question of dressing of belts or the non-dressing
of them with softening oily or greasy unguents.
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Let him obtain from the same piece of leather two
belts——or two belts the leather of which is pronounced
by competent judges to be as alike in quality as can
possibly be obtained ; and let him try one belt in
driving without any preparation, and the other
dressed or stuffed with some dressing of which he
is inclined to think favourably, or which is highly
recommended. The experiment would be all the more
valuable if he could have more than two belts, so as to
test more than onedressing. The young experimenter
must keep strictly in mind what has been said as
to the ¢ conditions ” in which the relative trials are to
be made, and that these affect all the circumstances.
If, for example, the pulleys were of different diameter—
one much less than the other, in one of the trials—
the results would be quite fallacious. The young
machinist will see how this is so if he remembers what
was said in one of our early notes on pulley and belt
gearing as to the greater wear and tear on a belt run-
ning on a small pulley or on small pulleys compared
with a belt running on larger-diametered pulleys.

A point which must not be lost sight of in con-
gidering the condition of belts is the circumstances
under which they are working. We know what may
be called the climatic effects on the working of belts ;
and this is much more marked in the case of rope or
round or cylindrical band driving with grooved pulleys
than in the case of leather belts. But a belt which
works habitually in a dry and comparatively hot
atmosphere will obviously work under different con-
ditions from another belt running habitually in a
moist and hot atmosphere; while one subject to
positive damp or wet will still more clearly be placed
in conditions very diffecent from the others. And
yet such conditions are by many not taken into
account at all, although they must and do exercise a
marked influence on the working results. And it is
only where there is something very striking and
palpable in the relative circumstances under which
belts work—as, for example, where a belt is sub-
jected to a positive drip or spray, or an atmosphere
of unmistakable dampness—that the point receives
serious attention, at the hands of some. In the latter
case indiarubber belting will have to be substituted
for leather, which would give most unsatisfactory
results,—even although there might be a prejudice
against indiarubber, as some have a prejudice, in fact.
The materials also of which the driving belt is made
?ther than leather, must or should dictate the way
In which it should be treated, or prepared if some
Preparation be considered necessary. Thus, cotton
belts have been lately introdueed, and even for driving
Where great power is to be tranemitted ; and these
have been used with such success that their makers

it is said, sanguine enough to believe that they

| ultimately, if not ccmpletely yet very extensively,
oL, 11,

supplant the old and still general favourite leather
belting. Be this as it may, it is obvious that the
condition of working cotton as a material for the
making up of a broad surface, and this comparatively
thin—very thin indeed in relation to the breadth in
some belts—is very different from that of leather.
Cotton is a material greatly subjected to atmospheric
influences. A condition of the atmosphere of the
room in which it regularly works, either as regards its
relative dryness or humidity, which would affect
leather in no appreciable degree, will affect cotton—
which consequently gives and takes within consider-
able ranges. The inquiry, therefore, is practical
enough in its outcomes which takes up the points
connected with the preparation, or the reverse, of
cotton belts which will enable them to work as
uniformly and economically as possible within the
usual range of ordinary atmospheres in working
rooms. Hence some insist upon cotton belts being
varnished, and recommend linsced oil for this purpose.
This, as most know, is a very drying oil, and is
employed with singularly good effect in cases where
it is important to guard against the effects of damp.
And those who advocate the use of linseed oil for the
varnishing of cotton belts maintain that it will make
them practically so free from atmospheric changes
that they will neither give nor take, neither stretch
nor contract. The linseed oil is to be applied with
a brush till the cotton fibres will take in or absorh
no more. The belt may be put on and driven at once,
without waiting for the drying of the oil ; and greater
flexibility will be given to the belt by starting when
the oil is wet or moist,—it will then harden equally
all over. After the belt has run for some. time
another application should be given of the linseed
oil. Before concluding the present note—which is by
no means the last of our serics of notes on this most
important subject—we may refer, as bearing on the
point of ¢ conditions” under which experiments or
trials should be made, that while some do not object
to the stuffing or dressing of leather belts with oily
or greasy substances, they maintain that the success
of the operation depends altogether on the way in
which the dressing is applied. Thus they insist upon
applying the dressing to the flesh,. not the hair side
of the leather ; others maintain the contrary; while
those whe go in for a thorough soaking of the whole
belt put both of these out of court altogether, as
they have then both sides or surfaces of the leather
dressed, and the solid part between them as well. If
the young machinist is, in view of this and of other
points we have stated, apt to ask the old, old
question, “ Who can decide where doctors disagree §”
he may perhaps, in such cautions as we have given
him, be able to find a better wry of deciding for

himself.
K]
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77. To find the Weight of & Bar of 8quare Iron.

Take the square of the side of the bar in inches or
in fractions of an inch, and multiply it by the length
in the same factors, Divide the result by the con-
stant 36, and the quotient is the weight in pounds
of the given bar.

%78. To find the Weight per Square Foot of Cast Iron.

Take the thickness of the plate or piece of uniform
thickness throughout, and multiply it by 144, the
number of square inches in a square foot; divide the
product by the constant 3:84, and the result is the
weight in pounds.

79. Rule to find the Weight per Bquare Foot of Plates of

Wrought Iron.

The rule is the same as the above, the divisor
or constant only being different—that is, 3'6 in place
of 3:84.

_ 80. To find the Weight of Plates of Wrought Iron, Length
Breadth, and Thickness being given.

Take the breadth and multiply it by the thickness,
and this by the length in inches, and divide the product
by the constant used above—that is, 3-6.

81, Weight in Pounds per 8quare Foot of Cast Iron of thick-
nesses from an Eighth of an Inch to an Inch and a Half,

3 of an inch thick = 461 lb.; }" = 9:36; §' =
14:06; 3" = 18:72; §” = 23'43; §" = 2812; §" =
32:81. Onme inch = 3754 Ib.; 1" = 42:18; 1}’
= 46:37; 1§" = 51:56; 14" = 56:24 Ib.

82, Cubical Contents or Bolid Measurement of Flooring Joists
covering & “Square.”

(That is, 100 superficial feet. For example, a
-surface 10 feet by 10 feet, = 100 feet, is what is
technically termed a ‘“square.” The term is also
applicable to flooring and roofing boarding, to slates,
cement flooring, etc.). In the following table the joists
of which the “scantlings ” or dimensions in depth or
breadth on face or side, and width or thickness on
edge are given, are presumed to be “set ” or placed in
position at distances twelve inches apart from centre
to centre :—

Boantling or | 80lid Measurement Somtlinf or| Solid Measurement
Dimensions | in Cubic Feet and | Dimensionus| in Cubic Feet and
of Joiste. Inches, of Joists. Inches,
Inches. Ft. In, Inches. Ft. In.
8 by 2 3 7 8 by 2 9 7
3, 8 ] 0 8, 8 13 4
4, 2 4 9 9, 2 10 8
4, 8 6 8 9, 8 16 0
5, 2 (] 0 10, 2 15 11
5, 8 8 4 10 ,, 8 16 8
6, 2 7 2 11, 2 18 2
6, 8 10 0 1, 8 18 4
7, 2 8 4 12 , 2 14 4
7.8 11 8 12 , 8 20 0

83. On seme Points of Practical Art-Manufecturing Design.
In the series of papers in the text entitled “ On
Form and Colour as applied to Industrial Decoration,”
and in that under the heading of “The Ornamental

Draughtsman,” the reader will find the whole subject
of “ design " discussed. The term itself, which hasgot
oconcreted into our daily language in the everywhere
known title * schools of design,” is one of those vague
words which give rise to many misleading views. What
design really means will be found explained in the
text in the earlier chapters of the series of papers
given under the title of “The Workman as a Tech-
nical Student—how to Study and what to Study.” But
by a curious perversion of a French word, or rather a
misunderstanding of what ¢ really meant, the word
“ design ” is now with us so universally understood to
be connected only with the ornamentation or decora-
tion of the materials and objects of daily life, that it
seems quite hopeless to attempt to divorce it from this
restricted use, and to give it the infinitely wider
application which it naturally possesses. This being
so, it is in the narrower sense that we employ—as
nearly all writers on the subject have employed—the
term ‘design.” In the new name given to that
Governmental Department of Education which at one
time was alone known by the term “ Government
Schools of Design "—namely, the ¢ Department of
Science and Art "—there is a slightly more accurate
conception conveyed of what design in the restricted
senseinvolves, and which would be best met, perhaps, by
the title of ““ Art applied to Industry,” or more tersely
# Industrial Art,”—although thisis also confining the
term art within limits infinitely narrower than it really
means, as if art were alone the delineation or depicting
of natural objects, and the application of its work to the
purposes and objects of daily life—whether for the
gratification of what is vaguely termed “taste,” the love
of what is no less loosely called the ¢ beautiful,” or for
the decoration or ornamentation of what are known as
“objects of utility.” Precision of definition of terms
used by us possesses a much higher and more practical
value than is generally supposed, and of this statement
many illustrations will be found in various papers in
the text; it is therefore to be regretted that, in so
important a subject of technical or industrial art as
that we are now giving a brief note upon, a lack of
precision in terms used should be a very marked
characteristic. There is indeed scarcely one of them
on the meaning of which, and all that that meaning
conveys, we find two authorities agreed. So wide is
the diversity of opinion, even on what might be called
the foundation of art as applied to industry, that the
very term itself which we have seen to be so univer-
sally accepted as the name of this department of work
—design—hag given rise to discussions as numerous
and earnest as they have sometimes been warmer in
tone than the importance of the subject, great as that
is, would seem to warrant. Seeing, then, that the term
“art” is really an exceedingly wide one in its mean-
ings, a more definite and precise signitication to the
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term is attempted by prefixing the term fine—* fine
art” being defined to be “that which affects the passions,
intellect or soul pleasurably by the aid of form and
oolour.” Unfortunately for this attempt at precision
of definition, in the popular mind the term “fine art”
is almqst without exception associated with the work
of those who, curiously enough in this present connec-
tion, are called “artists” par excellencs, as if there
were no other artists but those who were concerned
in the production of what are called * pictures "—that
is, representations of natural objects existing in all
their wide and ever-changing diversity in the world
around us, And it is with those pictures, or the prac-
tical work or results of “pictorial art,” that the term
“fine art " in nine cases out of every ten is always asso-
ciated. In the definition of fine art as given above, it
will be perceived that its agents are two in number
—form and colour ; and every development of these,
seen singly or in combination, has its source in nature,
and in nature alone. In considering those develop-
ments as apart from what the popular mind has agreed
to call “ pictures,” the work of “ artists” as alluded to
above, there is another term almost invariably used,
and which is known as “ornament”; and the application
by form and colour as drawn or derived from natural
objects is described by a name the meaning of which is
known to all—* ornamentation.” But while “fine art”
in its popular acceptation ahd ‘“ornamentation” are
both dependent for their exi- tence on precisely the same
agents or elements, “ form ” and “colour,” and both
have to go to nature as the source of their inspirations,
the popular mind has no difficulty in grasping, on the
contrary, comes at once to a direct understanding of,
the essential difference which exists between the works
of “fine art ” and *‘ ornamentation.” This difference
may here be explained by referring to terms we have
already used, as thus: that while fine art—the work
of “artists "—pictures— minister to a gratification of
“taste” or to the love of the “ beautiful,” ¢ornamen-
tation ” is always associated with “ objects of utility.”
And in this distinction the popular mind is right in
its conclusions. And this, while it by no means
lessens the worth or lowers the dignity of fine art—that
is, purely pictorial art, the work of *artists”— does
not admit, what many ¢ artists " claim for i, that it
ulone is true or high art, and that the work of orna-
mentation is per se a lower, if not a degraded manifes-
tation of fine art, If it be, as we fear, that to a large
extent it is true that the work of the ornamentist, or
ornamental art—that is, form and colour as applied
to objects of utility—is held in lower esteem than that
of the artist, or pictorial art, we haveno hesitation
in saying that it is the fault of the ornamental artist
chiefly, if not wholly. And this simply because he has
forgotten, overlooked, or what is worse, been ignorant
of the true principles of his work; has formed in place of

& high a low ideal or stendard of excellence—indeed,
as not a few have shown, been quite indifferent as to
having any standard at all. With a high ideal, an
accurate conception of what his work is, the more
fully it is gone into the more clearly we think it will
be perceived that the practical outcome, both in its
material and moral aspéots, of the labour of the orna-
mental artist, will be higher and more valuable than
that of the pictorial artist. Beyond all doubt the field
of labour of the ornamental is much wider than that
of the pictorial artist ; his work appeals to an infinitely
larger class ; and, when once the field is not only fully
occupied, but wisely, carefully, and assiduously culti-
vated, we predicate for it a material and moral national
influence very much higher than many seem to think
it is capable of exerting. We have thus arrived at a
definition which is for all practical purposes precise
enough : ornament is form and colour applied to pur-
poses of utility—and it is to its principles that the term
“ design,” now so imbedded in the popular language
as to be considered a permanent fixture, is applied.
The points connected withit will befound fully discussed
in the papers in the text we have already referred the
reader to; instray “notes” in this department we hope
to gather up a few hints and suggestive remarks of
utility to the practical designer. Claiming thus for
design or for ornamental art, whichever of the two
titles the reader may prefer, such a high place as in
the preceding sentence we have shown it is capable
of occupying, we have room here only for a notice of
three leading characteristics of the art which we have
seen is always associated with objects of utility, or,
to use the more fashionable term, art manufactures—
a term which includes them all. The first of the rules,
canons or pringiples which are essential to be at{ended
to in applying ornament to objects of utility is, that
their usefulness be not impaired or lessened in any
degree. This is simply to say, what may be thus
paradoxically put, that the useful object must be so
ornamented that it remains useful—that is, affords
the highest degree of convenience in use. Some of our
young readers, new to the subject, or having given
no real earnest thought to it, may at fir.t sight be
disposed to think it, if not an impossible, at least
a very unlikely thing for an ornamentist to do, this
rendering a useful thing not useful, or greatly im-
pairing the convenience of its use, by the way he may
ornament it, either by the ornament being given to
it by the mere form of the object, or by the way in
which he attaches extraneous ornament to it. But those
who know the past history of art manufacture—and
not a few phases of its present condition—know how
numerous have been the examples of objects so
ornamented as to have lost all their practical utility.
The second canon or principle is, that the matcriale
used in ornamentation shall so be dealt with, or
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treated in a way so consistent with their nature or
character, that constructive truth shall not be
sacrificed. The third canon or principle is, that the
style and amount of ornamentation be subordinate
to the object to be ornamented, thus securing what
is called, for lack of a better term, artistic truth.
Those three, if they do not embrace within their
limits all the rules of ornamentation of objects of
utility, go far at least towards a contribution to
rules or canons which, as yet at least, have not been
formulated and generally accepted as standards to
which all could refer. And although not thus
ubsolutely comprehensive, they will, if thought well
out, be seen to underlie all good and sound ornamen-
tation, There are, of course, what may be called
sub-rules or divisions branching out from the three
rules named, and these again have a variety of details
which together make up a pretty full supply of
material aids or helps to the ornamental artist. Those,
or the most important of them, will be found treated
in the text in the papers we have referred to ; but in
connection with them we may find in the present
department space to give occasional notes useful as
supplementing them.

84, Roducing s 8tiff, Obdurate Clay to a Fine Garden

Tilth or 8oil.

Those who have had, or have the misfortune now to
have, a soil so well known as “stiff,” know well how
difficult a thing it is to work it for garden produce;
and how its hard lumps or clods in dry, or its bird-
limy adhesive masses in wet weather, are so well
calculated to “vex the soul of the husbandman.”
And they will be all the more vexed and inclined to
grumble if they have formerly had to deal with that
soft yielding and crumbling earth known as the * best
of garden soils,” the cropping and culture of which
is a8 much a delight as that of the clay soil is a
dilemma to the gardener. He knows, however, that
when once, by patient toil and careful cultivation and
treatment, he gets a clay soil into good heart and
tilth, how valuable it is as a rich crop-bearing one.
To reduce quickly a stiff obdurate clay soil to a fine
clayey loam, we know of no substance so valuable as
coa] ashes, A great deal has been written and said
as to the value of these as a manure, and some high
authorities have stated that in point of fact this
phrase is quite a misnomer, as they possess no value
at all. Practical men not a few -deny this, and
appeal to a wide and successful experience in proof of
their belief that coal ashes are valuable as & manurial
agent. But be this as it may—and we may hereafter
give a ‘“note” on the subject—no one has as yet
disputed the high value of coal ashes as an agent in
reducing hard stiff (lays to that fine, loose, open
and “crumbly ” condition which all gardeners like
to work with. The action of the ashes may be

mechanical only, as dividing and opening up the clay
masses ; but if the many practical men above alluded
to are correct in their estimate of the manurial value
of the ashes, we by their use in clay soils gain & two-
fold advantage. The rapidity, indeed, with which a rich
and comparatively easily worked garden soil is obtained
from hard, close, adhesive clays—otherwise to a large
extent unworkable—would seem to favour the idea
that the coal ashes exercise, an.. that powerfully, &
favourable action otherwise than one purely mechanical.
The student in agriculture and horticulture should
never forget that it is exceedingly difficult to decide
what is or will be the result of certain operations or
experiments. The experimenter may decide that he is
using only certain substances, and that his soil is only
of a certain character ; but there may be present other
substances of which he is quite ignorant, which may
bring about an action of a kind wholly or greatly
different from that anticipated. There may, moreover,
be an action brought about by the mere mixture of
certain substances placed in the manure, for example,
and those present naturally in the soil, of which the
experimenter has had no knowledge, and which he
cannot trace. The very seasonal characteristics may
bring about changes of which no prevision is possible.
We could cite numerous instances in proof of the
extremely varying results of trials made, so far as
could be seen and provided for, under precisely the
same circumstances. It is dangerous to dogmatise in
matters connected with the treatment and uses of soils
and manures. The best way of using the coal ashes
in bringing clay soils into good tilth and heart will
be obvious to the practical gardener—the great point
is to get them mixed with the soil, and they should
not be spared. One point is essentinl ; that in the
antumn the land should be thrown up into deep
ridges, to get all the benefit possible of a good winter-
ing. In bringing a piece of land :0 stiff that it often
resembled & “bricky ” surface and substance into good
tilth we spread the ashes between the drills, and in
spring they got mixed up with the wintered soil in
digging and preparing the surface.

85. Average Yield of the Cereals or Corn Crops, in Grain

and Straw, per Acre.

“Wheat,” 5 to 6 quarters, 25 to 30 bushels;
weight per bushel, 60 Ib. Weight of straw may be
calculated at twice that of the grain, so that a thirty-
bushel to the acre crop will give 3600 lb. of straw.
Botanical name of wheat — Tritioum Sativum.
“ Barley,” 46 to 50 bushels; weight per bushel, 53 to
55 'b. Averaging the weight of straw at one-fifth
more than that of the grain per acre, we have
for a fifty-bushel crop at 55 lb. to the bushel a
weight of 3300 Ib, of straw. Botanical name—
Hordewm. “Oats,” 48 bushels; 62 lb. to the
bushel ; straw, calculated at half as much weight
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as the grain, will give 8024 lb. Botanical name—

Avena Sativa. * Rye,” 26 to 80 bushels per acre;

weight per bushel, 54 1b. ; weight of straw, 4000 to
48001b, Botanical name—Secale Cereale.
86. Oements, Varnishes, Enamels.

We purpose under this head to give a number of

notes and recipes, selected without any great regard

to any particular order of classification. The principle

of thic would not be easy to define, or if defined .

could not be followed with a due regard to the wants
and wishes of so wide and varied a class of readers,
who for widely different purposes will consult the
various paragraphs which under the above general
head we purpose to give. To serve, in some fashion, the
purposes of & ready reference to the different recipes
and notes, each of which will be given under a specific
number, we have it in contemplation, at the expiry
of certain definite periods—say every six or twelve
months, or shorter if need be—a generally classified
catalogue. The collection we have at command is
very extensive, as additions have been made to it from
time to time, extending over a period of many years,
Nevertheless, we shall be pleased to consider the
giving a place to such notes and recipes as any
of our readers may think worthy of being recorded.
With this help we may thus be able to give to the
series a completeness and comprehensiveness of a
very practical and useful character.

(1) “Fluid” or “Liquid Glue.”—This, which will
be found useful for the wide variety of purposes for
which ordinary melted glue is used, is also well
adapted for joining together the pieces of earthenware
or glass vessels, etc., which are large, and where the
colour of the glue is no objection, Keeping dissolved
or liquid or “fluid,” it is always ready for use, unlike
glue made in the ordinary way., Take of the best
glue three parts (the weight of each part will be
determined by the quantity of fluid glue required),
and place them in eight parts of water, allowing them
to soak or melt for some hours, Take then half a
part of hydrochloric (muriatic) acid ; and three-fourths
of a part of sulphate of zinc; add these to the dissolved
or partially dissolved glue, and keep the whole at a
moderately high temperature for a length of time
sufficient to reduce it to the required degree of fluidity.

(2) “ Cement for uniting glass, china, eto., ete.” An
exceedingly strong, easily applied, and very cheaply
made cement, useful for a variety of purposes so wide
that we have not as yet, in the course of many years,
exhausted its adaptations—is made with ordinarygum
arabio -by melting it in the ordinary simple fashion,
in any conveniently sized vessel or bottle, taking care,
for obvious reasons of cleanliness and facility in using

it, that. it have a wide, not a ocontracted mouth.
piece, such as that possessed by ordinary phials or
domestic medicine bottles. In place of using water,
as ordinarily done, acetic acid is the Ifquid adopted
for melting the gum arabic. This is all; nevertheless
there is good reason to believe that some of the cementa
soldin the shops with high sounding names, such asg
“ Oriental,” “ Diamond,” or the like, but at very high
prices, are made in this cheap and simple way. Cheap,
for a large quantity may be made at a mere tithe of the
cost of & small bottle,—some which in years gone by
we have purchased containing, for sixpence, scarcely
a teaspoonful. Simple, for there is no nicety in
proportioning or weighing or measuring out quanti-
ties; all that is necessary to be done is to secure a
melted product, neither too thick nor too thin—one,
in short, easily spread or applied over the surfaces of
parts to be joined, without being so thin as to run
offi By adding a portion either of the gum
or a small quantity of the acetic acid, and by a
little practice in its use, the maker will soon hit
upon the right thickness to make and use. One
caution only is necessary. The gum must be melted
in a hottish place: the most conveniently applicable
is the fire-grate hob, or the oven of a kitchen range,
or the hot plate of the same. And while on this
point of the necessity of a warm, if not a positively
hot melting of the gum and the acetic acid, it may
be worth the while of some of our readers to know
that this is the secret of making the strongest gum
liquid or mucilage, which is now sold by all stationers,
and in some of the weakest, distinguished more
by the absence than the presence of gum. Let the
reader, by one or two simple experiments, test the
adhesive strength of a gum or mucilage made by
dissolving gum arabic in cold water, and another quality
made by dissolving the gum under the influence of
8 moderately high heat, and he will soon be con-
vinced of the advantages to be obtained by the latter
method. Generally the temperature of an ordinary
kitchen-range oven—that is, its normal temperature
when not heated specially high for baking, roast-
ing, etc.—will be quite sufficient to give the warm
or hot melting required. Where superior articles of
glass or crystal have to be mended or pieced by means
of this cement, a light colour, so desirable, will be
obtained by using the finest quality of sheet gelatine—
the modern and cheap substitute for the old-fashioned
and dear isinglass. Although this gelatine is dearer
than gum, it can be had at such a price as will give'
a large quantity of the cement for a moderate sum.
We have said that it is difficult to limit the uses to
which this cement can be put. "
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(31) In Note No. 26 we gave an explanation of
the terms “saturated” and ¢supersaturated” in
relation to “solutions” of substances which are capable
of being what is called “melted” or dissolved. The
youngest student in applied science knows that sub-
stances are more readily dissolved, “solutions” of them
more easily made, when the dissolving or melting
liquid is heated or warm, than when it is cold. As
most phenomena of physical bodies generally follow or
are regulated by certain definite laws, it has been
found by M. Poggiale—a Continental chemist who
has experimented extensively upon the saturation of
liquids or the melting of solid substances capable of
being dissolved—that there is a fixed or determined
relation between the points of ¢ saturation” and
“supersaturation” and the temperature at which
the solution is made. Thus, taking the ¢ boiling
point,” 212° of Fahrenheit, corresponding t6 100° of
the Centigrade scale; and *freezing point,” 82° Fah.,
0° or zero Centigrade, as the extremes of temperature,
M. Poggiale found that if of a substance the liquid
became supersaturated at the point when 357} parts
had been dissolved or taken up, at the temperature
of 82° or the freezing point some 3:90 parts only
were taken up. At 194° Fah. or 90° Cent. 269}
parts were taken up; at 176° Fah. (80° Cent.) it took
134} parts; at 1568° Fah. (70° Cent.) the number of
parts taken up was over 904; at a temperature of
140° Fah. or 60° Cent. the liquid took up 66} parts.
When the temperature was 122° Fah. or 50° Cent.
the number of parts taken up was a trifle over 44.
.With the temperature at 104° Fah. or 40° Cent. the
perts taken up amounted to nearly 31, and when
the temperature was at 86° Fah. or 30° Cent. the
liquid took up 22 parts. At 68° Fah. or 20° Cent.,
six degrees above the normal or average temperature
of the air, the number of parts taken up was 156%.
Lastly, at a temperature of 50° Fah. (10° Cent.) the
number of parts taken up amounted to 93.

(32) In extension of our notes on “Cements,” we
- give this other of what is called a “new cement—to
fasten iron tostone.” If this is as good as report tells
of it, it will prove of great utility in many jobs of
frequent occurrence in practice. While it possesses
that valuable and, of course, essential characteristic
of adhesive strength, or a capability to resist foroces
tending to separate the bodies or tear them asunder,
it exercises no deleterious influence upon the irom.
The base of the cement is the cheap and readily

obtained one of piecer of good brick broken into small
nodules and finally pulverised or crushed into the
condition of a fine dust. The binding or cohesive
material is resin. This is first melted over a fire—
care being taken not to allow it to catch fire—the
brick powder is put gradually into the melted resin,
and carefully stirred till a kind of putty-like sub-
stance is formed : the finer and more uniform the
brick powder, and the more intimately mixed, the
better the cement. When required for use this putty
can be melted by heat, and run readily into any
cavity, for example, into which the iron body is to
be fixed. As soon as “set,” the iron will be found
firmly secured to the stone. Should the cavity be
much larger than the iron body to be fixed in it, a
species of concrete of the putty cement and small
pieces of sharp-cornered brick may be used. This will
save the putty or cement, as less of it will be required.

(33) At end of Note No. 29, on the subject of com-
bustion of fuel, we drew attention to the importance
of attending to the condition of the fuel. And it may
with all truth be said that it is largely to the neglect
of this principle in stoking that the steam-engine
boiler furnace is such a wasteful producer of heat.
Of two stokers, one will do his work so well that the
cost of fuel per horse-power per hour will not be one-
half of that which another stoker expends, although
the circumstances are alike, quality of coal, form of
furnace and boiler, etc., ete. The secret of the success-
ful working of the one stoker lies in the fact that,
whether intuitively or from superior knowledge, he
attends to the condition of his fuel and to that of the
furnace, etc. Some men act as if they believed that
coal, as long as it gives out a certain number of incre-
ments of heat, must produce the same working effects,
no matter how it is consumed. They forget the fact
that coal is no more in itself and by itself a combust-
ible*than stone is: it is only when treated under
certain conditions that it will burn at all, and only
if burned in certain conditions that it will yield all
the increments of heat in such a way that they can be
usefully availed of. One may have heat enough, but
whether it will be economically used or the reverse,
will depend upon the way it ¢s used. A man may
have money enough, but if he throws half of it into the
sen, from which recovery is hopeless, he can scarcely
be said to have used his wealth prudently. In many
of our furnaces we throw away much more than ofte-
half of the heat increments obtained from the com-
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bustion of the fuel consumed in them. In order to
gee how far this statement is true, let us glance in the
first instance at the constituents of coal, this being
the form of fuel which is almost universally used for
the purposes of steam raising. The coals found in
different localities differ materially in heating quality,
some being of a stony, slaty character, and therefore
very poor in calorific value, others being rich in
carbon and bituminous matter, yielding the hydro-
carbons which give the illuminating or flame-producing
gases; we must therefore fall back on a quality of coal
which gives us the average calorific value. The amount
of carbon or carbonaceous matter present in a coal
determines or is the measure of its industrial value
as & heat given for steam raising purposes; and
the average of the best quality—as, for example, of
Newcastle coal, the oldest and most valued of our coal-
producing districts—yields 81-42, or say 814 parts of
carbon out of every 100 parts of any given weight or
quantity. Taking it at 80 per cent., the fifth left over
is made up of the incombustible parts termed the “ash,”
of which there are 207 or 21f4ths; of sulphur {ths
(0°74). But the greater part of the remaining fifth
is composed of permanent gases, of which oxygen
takes the lead in amount or percentage, being 7:04
per cent. of the bulk of coal analysed. The next
largest in percentage of these permanent gases is
hydrogen—equal to 5'88, or not far off 6 per cent.
Nitrogen, the third of those permanent gases present
in coal, amounts to 2°05 per cent., or a fraction (y§5ths)
over Jsth part of the whole hundred parts analysed.
As we have already said, coal—thus constituted or
made up of different parts—is only a combustible
when those constituents combine with oxygen, which is

supplied by the ordinary air or atmosphere. But the"

combustion can only take place when the air and the
coal are under the influence of what we call heat,
the degree of temperature required varying with the
quality of the coal, or with what we have already
called its kindling point, or that at which it takes
fire or becomes what we call “ lit” or “lighted.” We
have in a preceding note explained how in the starting
or kindling of a fire the fuel is primarily “lighted”;
but in the case of a common fire or a furnace which
is already lighted or in active combustion, the burning
coal—incandescent, as the term is to indicate red-hot
fuel—gives the necessary heat to the fresh coals we
feed the fire or furnace with, and also to the oxygen
of the air which passes up from the grating in which
the fuel is laid, getting heated to the necessary com-
bining or lighting temperature as it passes through
the incandescent fuel. It will thus be perceived by
the young student that a supply of air to the fire or
furnace'is just as essential to the work of heating as
a supply of the fuel itself. And the ‘“poking” of a
fire, which is done to enliven it when it is dull, is

be active and bright or languid and dull.

simply the opening up of the fuel which has got
“caked ” together, thus making passages through
which the air can freely pass to the point where its
combination with the fuel is required. In this way
also the “condition” in which the fuel is, influences
its combustion, and largely decides whether that shall
Some
coal is so full, so to say, of bituminous matter, that
when heated it to a certain extent melts and runs
together, ¢ caking” the pieces, and to a large extent
preventing the passage of the air through and between
its pieces. And many who are in the habit of using
coals of this quality know—that is, if they have
observed—how rapidly a fire made of it kindles up
or flashes into a cheery flame and active combustion
the moment the fuel is “poked.” This breaks up
the hard caked-together coal, opens up passages for
the air to go through, and the bituminous parts of
the coal being well heated, the combination between
them and the oxygen of the air, which can now get
to them in the different ¢ condition,” is quickly com-
pleted, and the bright, cheery burning of the coal in
the grate is the result. On the other hand, some
coals of good quality do not possess a high percentage
of bituminous matter, and therefore do not cake
together ; and passages are therefore easily maintained
between the pieces, and the fire requires less frequent
poking to maintain the active combustion due to its
character or constituents ; for the quality, so to say,
of the combustion of n coal depends much upon its
constituents, even although the supply of air to it is
well adjusted.

(34) Resuming our investigation of the phenomena
manifested in the process of boiling water begun in a
preceding Note (No. 25), the student will remember
that as the water in the flask approached the point
at which the whole of it was of uniform tem-
perature, the condensation of the rising bubbles would
become less and less, and on the.point of uniform
temperature being reached, the bubbles would rise con-
tinuously and with such yelocity and force as to cause
a violent agitation at the surface of the water. This
is boiling—¢ ebullition,” as it is sometimes termed—
and takes place under ordinary conditions of tempera-
ture, when the barometer stands at the level of 30
inches and the thermometer indicates 212° Fah. It
would require but small power of observation to notice
that the boiling—that is, the passing of vapour or
steam bubbles from the water—was not by any means
uniform in character : in some instances the boiling
would be gentle; in others violent. The principle of
the process being the same in all cases, there must be
somescause for the boiling in practice being at one
time gentle, and the passing of the steam (watery
vapour) from the mass of boiling water easy, and in
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another case the reverse of this. Each abnormal
phenomenon has & cause. Let us endeavour to find
out the cause which makes practicé so diverse. What
is called the “singing ” of a kettle full of water being
boiled on a kitchen fire, is the series of little shocks,
as they may be called, when the condensation of
the earlier-formed bubbles takes place. But when a
higher temperature of the water is reached, approach-
ing the boiling point, the singing ceases; and when
this temperature is arrived at, the heavy bubbling,
known as boiling, causes a series of shocks, in some
cases 8o severe as both visibly and audibly to shake
the kettle, giving it a series of bumps or knocks.
8till keeping the doctrine or law of the mechanical
equivalent of heat in view, the student will perceive
that these bumps are the manifestations of a power
or foree, This may be measured by carrying on the
boiling in a flask or vessel suspended from the end of
a delicate or sensitive balance or pressure spring, the
flask being free to move up and down. Thus arranged
should the boiling be violent—that is, the passing of
the vapour bubbles from the mass be constrained and
difficult—a series of shocks or bumps will be caused ;

and each shock, reacting on the bottom of the flask,

will cause it to descend with considerable force, and
from being suspended or attached to the end of the
balance spring, will pull it down, and its index finger
will show the amount of force which the shock has,
80 to say, created. On the effects of the shock ceasing,
the flask will rise and assume its normal position.
As the boiling of the water in the flask proceeds,
there will be, for the most part, a succession of risings
and fallings of the flask more or less pronounced or
extended, just as the shocks or bumps are more or
less frequent and severe; this indicating constrained
passage of the vapour from the mass of water, a
steady or quiet position of the flask indicating easy
boiling—that is, unconstrained passing away of the
vapour from the heated water. The bumps or shocks
thus given to the flasks or vessels in which the
chemist carries on his expenments have long been
known to him, and the results in breakages and
other inconveniences have been experienced by him.
BSo marked and pronounced has this peculiarity of

boiling or evaporating been, that the French scientists -

have given a definite name to the bumps or shocks
given to the vessels while the process is going on,
designating them as soubresauts. Now, if quick
generation of steam—the vapour or gaseous fluid of
water—be the aim of an engineer, as it is or ought
to be, i is obvious that the more rapid the passage of
the vapour from the mass of boiling water the greater
will be the saving of time and of fuel. Of time, for
more vapour—steam—will be produced within a
certain period if its motion or course through the
water be easy and regular ; of fuel, for the increments

THE PRACTICAL NOTE-BOOK.

of heat produced by its combustion will not be wasted
merely. on the production of a force which causes
bumps or shocks, and in retarding in place of expe-
diting the free passage of the vapour from the water.
And as those shocks or bumps are evidences direct
and convincing of the existence of a condition of
boiling anything but convenient and economical,
there must be a cause for them; and if this be
discovered—and further, a method of getting rid of
it—a great advance will obviously be made in the art
of boiling and evaporating. For most assuredly it is
all based upon certain important scientific laws or
principles, notwithstanding that so many seem to
think, if their action be taken as evidence, that it is
neither an art nor a science, but the commonest of
“common things.” It is so far from being this un-
important matter, this “ rale of thumb,” this “do in
any sort of way” work, that men of eminently high
scientific and practioal attainments have of late been
directing their attention to it; and with a result
so thoroughly practical, that the art of boiling or
evaporating, so useful in a wide variety of industrial
work, is likely to be completely revolutionised.

(856) As explained in the Notes on “Fuel and its
Combustion,” in this section of the work, evaporation
from liquid substances is going on at all temperatures :
the higher the temperature the greater the amount
of evaporation or vapour passed off; evaporation
proceeds, therefore, from exposed liquids in all
weathers, so that we find pools of water dry up—
although, of course, slowly—in winter as well as in
summer. The vapour of exposed paraffin oils is always
passing away more or less in volume in proportion to
the temperature. The average temperature of the
atmosphere is 60° Fah.: some place it at 62°; but
taking the lower temperature, it will be at once
perceived how little margin there is—14° only—
between this of 60° and that of 74°, the flashing point
of crude parafin oil of specxﬁc gravity 0-849. So
freely do some paraffin oils give off vapour or gas,
that under no very high temperature one does not
even require to place the lighted match or candle at
all close to the paraffin to cause it to catch fire and
burst into flame; it is sufficient to place the candle
above or near the veasel in which the oil is exposed.
It is sometimes curious to see what may be called a
train of light leading from the match or candle-flame
to the surface of the oil; this is the cloud of vapour
floating between candle and oil, which, under the
influence of heat, has flashed into flame. Many of
the accidents with paraffin lamps and with paraffin
only—in greater or less bulk, dealt with in open vessels
—have been called mysterious. But the mystery in
more than one of them would easily have been ex-

- plained, and the accidents prevented, had the parties

posseased & knowledge of-the peculiarities of the ails,
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42 THE WORKMAN 48 A TECHNICAL STUDENT.

fessional men would be the better if they had the
education of a skilled handicraftsman added to their
professional knowledge. We do not here maintain,
of course, that viewed in the mere light of what
each can make by his calling in a given time, the
handicraftsman is placed in an equal position, has a
power of moneymaking given to him equal to that
in possession of the purely professional man. For
as society is constituted—and divinely and wisely
constituted—it will ever be that it will be divided
into classes, each class having its own peculiar work
to do, which brings with it its own peculiar rate of
remuneration ; and as the classes differ, so also does
remuneration.

The Business or Remunerative Success of a Calling must be

measured by its own Standard.

But the reader must be careful to observe that
success in life in any calling is special and distinct ; it
is not relative. Success is gauged or determined by
the special calling or work, the rules or laws of which
define the measure or degree of success which it
is capable of giving. It will not, therefore, be
reasonable to measure the success of one calling, or
the amount of remuneration it gives, with that of
another and a higher, What in practical life—its
everyday work—we have to concern ourselves with
is the special class of work we have to do with; and
success in it can only be measured by its own standard,
and not by that of another class. This is simply a
common-sense view of the matter ; it would be as great
folly to measure the pecuniary or other success of a
“hodman,” who carries, and only carries, the bricks
with which the skilled bricksetter or “bricklayer”
builds up a complicated structure by that of the iatter,
a8 it would be to estimate the pecuniary or other suc-
cess of the bricklayer, however skilful, by that of the
architect from whose brain the design of the building
itself emanated—or as, keeping up the continuity of
illustration, it would be to test the success of the
draughtsman who puts on paper the ideas of the archi-
tect by that of the architect whose ideas he only, so to
say, records by his drawing. The illustration here given,
however, shows, we may remark in passing, that
all classes or callings are dependent one upon the
other, all being united in the common bond which
unites society, and transforms a race of savages who
“ran naked in the woods, feeding like swine upon the
acorns, or their roots,” into a civilised community, in
which neighbour-help and self-help have each their
value, and in which both are absolutely indispensable.
But the illustration bears most closely upon the point
we are now considering—namely, that each calling or
class has its own standard, by which success in it is
and can only be measured. And the point we draw

from it, and to which we specially direct the attention
of the reader, is that while, as we have said, the
intellectually trained handicraftsman has this great
advantage over the purely professional man that he
possesses an extra power to ensure success in life,
taking the handicraft class as a whole its members
are distinguished by the uniform success which they
obtain in their calling, or “in life,” as the popular
mind puts the point. It is no uncommon thing,
unfortunately, to hear again and again of young men
bred to some profession utterly failing to find employ-
ment even of that limited kind necessary to enable
them to “pay their way” in the most limited and
prudent style of living. Very rare indeed is it to
hear of handicraftsmen being unable to obtain their
living by their calling. We of course do not here
include what are too well known as “ hard times,” when
dulness of trade, or its positive cessation, puts it out
of the power of all or any to obtain work—hard times
which affect injuriously all classes, whether purely
professional or not. Nor do we refer to the case of
purely professional men who cannot succeed simply
because they have not within them the elements of
success—namely, a real knowledge of their calling. On
the contravy, taking even the highly gifted, who are
thoroughly able to do the.r work well, they yet fre-
gnently cannot procure the work which is necessary
to their existence. The purely professional classes,
therefore, have fewer chances of positive success in
life than have handicraftsmen ; and this we venture
to say, that the handicraft industries can show a far
higher proportion of men engaged in them rising to
high social position and ability in their calling than
can the purely professional bodies, classing those as a
whole,

Intellectual Training necessary to secure the Highest
Buccess in Work.

But let the reader carefully note that this only
happens in the case of those handicraftsmen who are
distinguished for their intellectnal training. This
may be of very limited character, and so far as it
goes, even of no great value; still we shall find
that all those who have made an advance in position
have been more thoughtful men: no matter in what
direction they did think, think they did. And for
thoughtful handicraftsmen there are, we maintain,
very much wider chances of success in their calling
than fall to the lot of purely professional men in theirs.
This necessity for intellectual training is the point
which we wish to impress upon theminds of those of
our readers who may as yet have given little or no
attention to what, in reality, is their true position as
members of the working community, and which all
our remarks and illustrations have tended to enforce.
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THE BRICKLAYER OR BRICKSETTER.

THE PRINCIPLES AND PRACTICAL DETAILS OF HIS WORK.

CHAPTER 1V.

.Wg stated at the end of preceding chapter that
the result of experience would seem to show that
the notion that stone is less liable to decay than
brick might be fairly challenged ; for we have
instances in all countries where both brick and
stone have been used for building, showing that while
the structures of stone have decayed and crumbled
away more or less, but in some instances so completely
as to destroy the original integrity of the structure,
those built of brick have remained sound and com-
plete. This is not unknown to, or not denied by,
those who have investigated the subject, coming to its
study with no preconceived notion in favour of ome
material, to the exclusion of ull points in favour of
another, but only impressed with the value of an opinion
based upon the actual facts of the case. We have
examples of buildings erected by the Romans so long
ago as two thousand years and upwards, composed of
brick, which remain as sound to-day almost as the
year they were built in—while, on the other hand,
contemporaneous buildings constructed of stone have
crumbled long ago into decay. And the Romans were
too practical a people, and too good builders withal
—knowing more of construction, and doing a wider
range, and an amount of finer examples of it, than we
even give them credit for, much as we esteem them
in this direction—to warrant us in concluding that
in those stone buildings so gone to decay they used
stone of poor quality. From what we know of the
Romans as & people, and specially as builders, we may
safely assume that they in those very instances used
stones of the best quality they could obtain. If,
indeed, we do not know for certain, we have every
reason to conclude, that in some instances at least, if
the locality itself in which a stone building was to
be erected did not yield stone of good quality, they
transported it from another locality which gave it.
Briock and Stone as Building Materials, considered from an

XEsthetic Point of View.—Their Relative ‘' Beauty.”

We are not considering here the relative claims
of stone and brick as materials giving beauty to, as
best pleasing the eye, or as giving claims for the
buildings in which they are individually employed to
be considered the most valuable, as being the most
costly. There seems, no doubt, to be an almost
universal. consensus of opinion that for public build-
ings of any importance stone is the only material
which should be used. Even in localities where
brick is the material universally used for dwelling-
houses and the like, if a church or town-hall or
museum is to be constructed, no one ever dreams of
using other material than stone. It would appear

48

as if the use of brick would be a desecration of the
purpose for which the public building was to be
erected. We have, however, shown that there is good
reason for supposing that in some countries, specially
and markedly our own, this arises from an ignorance
of what can be done with brick as a material for
giving ornamental or decorative effects; and in
public buildings these attributes are always aimed
at. Although we have unfortunately but too many
examples amongst us of public buildings built in a
costly way of stone in which their architects have not
quite succeeded in obtaining those valuable qualities.
‘We have seen also, from the allusion we made in the
first chapter to the fact, that public buildings have
in some Continental countries been built with brick
wholly, which, in point of ornamental and decorative
effect, will bear comparison with structures of the like
kind built of stone.

Olaims of Brick to be considered as the Best Material for the

Building of Domestic Structures or Houses.

But looking upon the two materials simply from
the point of view of their lasting qualities or durability,
a close examination of structures as they actually
exist amongst us will, we think, very clearly prove
that brick has at least equal claims to be considered
a durable building material as stone. We are in-
clined to go further and maintain that the more closely
the examination into the two kinds of structures,
those of stone and those of brick, is gome into, the
more clearly will it be shown that brick is the more
valuable of the two. This, at all events, when they
are examined in connection with domestic structures, or
our dwelling-houses, the term they are better and more
widely known by. In this class of buildings we have
primarily to consider the purpose which they are
designed to serve, and secondarily the condition under
which, in this island home of ours, they exist; and
how these conditions affect the primary purpose for
which our dwelling-houses are erected. The first
essential in our houses, then, is that they shall
minister to the comfort and the health of their
inhabitants ; if health, indeed, be secured by them, in
g0 far as any external circumstance in man’s life can
secure health, it may be concluded that comfort will
be secured. Although to some of our readers it may
appear a somewhat strange statement to make, dura-
bility and strength in a dwelling-house are considera-
tions purely secondary to health, A house must be
built of very bad materials, and those put together in
as careless and defective a manner, if it does not out-
last the life of the occupant who may have built it, or
if it be not strong enough to support the weight of his
goods and chattels, or resist the fury of the winds
which may blow around the walls, or the pressure of
the snow which may settle upon its roof. Not but
what in these days of cheap—or as it is in some
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districts called * jerry "—oonstruction, houses are
built, not a few of which, if they, from being built in
rows, did not receive a support and strength, would,
if left alone—possessing individually but little strength
—stand a good chance of giving way. Instances, in
truth, are not wanting to prove that building in some
localities is but a name, so little of a reality that
the structures cannot support even the weight of their
own materials,

Briock olaimed to te a better ‘‘ Damp* or Wet-resisting Mate-

rial than the Ordinary Classes of Btone used in the Building
of Domestic Structures or Houses,

Now, in this climate of ours, if it be asked what
is the attribute or quality in a domestic building or
dwelling-house which secures that health to its
inhabitants which we have seen, and all know, to
be its primary purpose, we find the reply readily
enough—freedom from damp. We do not require
here to enter into any disquisition upon the import-
ance of this point; the reader will find it fully
discussed in the series of papers entitled “The Sani-
tary Builder.” Now, it is in securing this freedom,
or let us say this comparative freedom, from damp,
that we claim a high, if not the highest, place for
brick as a material to be used in the erection of our
dwelling-houses, in which this is a prime necessity.
Aud in making this claim we base it upon the fact
of observation. To secure this one would require two
fields: a locality or a district in which stone was the
material chiefly or wholly used for dwelling-house
construction ; and another in which the use of brick
was the like rule. We have such localities in Scotland
and in England. And inreferring to those, the writer
of these lines has to note that he does not draw
his conclusions on the point now under notice from
the evidence of those resident relatively in those
localities,—he happens to have had personal experience
of the building characteristics of both. Taking, then,
the average of the materials used in those two locali-
ties, the stone on the one hand and the brick on the
other, the result of a very wide and, as the writer
hopes, a very honest and fair examination of houses
built with the two materials, is the conclusion that
there are a much greater number of houses built
of stone damp than of houses built of brick. Of
course, it scarcely requires to be said that, to make
this conclusion of any value, strict regard must have
been paid to the similarity of the local, or, as we
should rather say, the ground or site peculiarities of
the several houses examined and compared. This
regard was strictly paid in the cases alluded to.
Another Point in favour of Bricks as & Damp or Wet-resisting

Material,

Nor need this conclusion be wondered at, however
much many accustomed to stone building only may be
disposed to doubt its accuracy, if we closely examine

the physical characteristics of stone and brick.© We
here assume that those materials, so examined, if not
of the best or highest quality in each, are in each
case of fair or of average good quality. We think
that an examination, given free from prejudice on
either side, would show, almost at the first glance,
that a well-made brick has at all events the look of
a material more fully impervious to damp or moisture
than stone. In lack of a wide and a carefully con-
ducted set of experiments, we cannot lay before our
readers any authoritative statement as to the relative
powers of stone and brick to absorb or take in water
or moisture. But even if we admit that the average
quality of bricks take in more water in a given time
and for a given bulk than the average quality of stone
—which, however, we do not admit—we can, on the
other hand, claim for brick this quality of utility,
considered as a material for the construction of dwel-
ling-houses—that it gets rid of such water or moisture
as it may take up much more quickly than stone does.
Many stones, if they once get thoroughly well wetted,
scarcely ever get dry thoroughly; while those well
acquainted with brick as a building material for houses
have had abundant opportunities to see that such
moisture as it may have taken up is got rid of, not
only effectually, but quickly.

The Durability of Brick as s Building Material.—Practical

COonsiderations connected with this Feature.

A word or two on the points of durability and
strength. As regards the first of those qualities we
have given some evidence ; abundance of it is to
be met with amongst us now. While a good brick
of average quality is less impervious to moisture, or
takes up a less amount of it in proportion to its
bulk, than the stones usually employed in building,
also of an average quality, brick seems less liable
to be prejudicially influenced by the atmosphere
than stone. Granting that the bricks have not
in the first instance been soft, as also that the
stones when set up have been sound, we think a
close examination of old buildings in both materials
will show that a greater number of houses built of
brick have remained in good sound condition than
those built of stone. The brick builders of olden
times, and even those who flourished but two, or say
three generations ago, used good brick only. Their
principle was, beyond all doubt, to give the best work
possible, and to use the best materials within their
reach. This says much for the integrity of workmen
of former times, just as the fact that it is lost sight
of by so many nowadays says but little for those of
modern times. Thé same honesty in work character-
ised the builders in stone. 8o that each gave to their
work the highest characteristics they could command,
and thus it may safely be predicated that in each case
the best brick and the best stone was used, and the
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best work given in using them. Of course, in such
comparative observations it is essential that the cir-
cumstances in which the houses are placed should be
alike, or as nearly alike as possible, It would not
be an accurate comparison between a brick house and
stone-built one, in so far as their respective ability to
to resist the deteriorating influence of the atmosphere
was concerned, if a brick house built in a rural and
therefore a comparatively, if not quite, pure air were
compared with a stone house built in a town in which
the air was largely impregnated with smoke and the
gaseous emanations from various furnaces used in
manufactures. The observance of this rule, we may
note in passing, is of great importance in all technical
experiments, no matter in what branch of work, where
comparisons are to be made between two processes in
two materials; and the neglect of it, common-sense
as the rule is, is the reason why so many so-called
comparative observations have been and are still prac-
tically valueless. Now, in such observations as we
have made in connection with the point here under
consideration, and from what we know of the ex-
aminations of others, we have noticed, almost as an
invariable rule, that the brick-built houses had the
bricks almost untouched by those atmospheric influ-
ences of the locality, while the stone-built structures
presented surfaces more or less, and in some cases
very greatly, injured. Brick may, and in certain
atmospheres does, get greatly discoloured, being even
more blackened than stone; but save this, no other
deteriorating influence is observable. But in stone
the surfaces become exfoliated, and in some instances
blocks have even largely crumbled away, while as
regards damp it was always in a worse condition than
the brick. Many stones used in the present day seem
to have so little capacity to resist the deteriorating
influences of certain atmospheres, such as those preva-
lent to too great an extent—for it is largely prevent-
able—in our manufacturing districts, that decay often
begins to set in before the buildings in which they
are used are many years old. Some stones, indeed, are
8o liable to attack that decay begins to set in almost
a8 goon as erected. A very fair index indeed of the
relative value of brick and stone, in point of durability,
is to be met with in this—namely, that all the com-
positions brought out of recent years, and the methods
of treatment for preventing the decay of building
materials, and enabling them to resist atmospheric
influences, have been designed almost exclusively for
application to stone. One rarely hears of their in-
tended application to brickwork. Iv may be said by
gome that this arises chiefly from the circumstance
that, as stone is the more expensive, and much nobler,
in popular estimation at least, of the two materials, it

is only in the case of stone that the expense of such
preserving compositions, etc., and the trouble of apply-
ing them, is gone toand incurred. But this isnot the
true position of the case: it simply arises from the fact,
that brick is found per se to resist the chemical action
—for it is this, almost entirely—of the gases of im-
pure or smoky atmospheres much better—in many
cases completely—than stone. Costly enough houses
are built of brick to justify their owners in going to
the expense—and the expense in such cases would,
as a rule, be cheerfully incurred—of applying com-
positions to prevent or to arrest decay, if decay had
set in. But they are not so applied; and for the
distinct and special reason that brick to a large, if not
to a complete degree, possesses an immunity from
atmospheric attack not enjoyed, in at least anything
like an equal measure, and by many qualities not
possessed at all, or if so, to a very slight extent, by
stone.
The Strength of Bricks as & Building Material,

As regards the strength of bricks compared with
stone, we have not data to assist us in making a
proper comparison. While numerous experiments
have been made from time to time to test the strength
of various building stones, it might almost be said
with perfect truth that none have been made to
ascertain the strongth of different varieties of bricks—
that is, considered as individual masses. And tomake
such comparative observations of any valne practically,
it would be necessary to experiment upon blocks of
stone, of different kinds and qualities, of the same di-
mensions as the standard dimensions of bricks. Such
experiments, so far as we know, have not been made;
those made relating to stones have been instituted to
compare one quality and kind of stone with another, but
not with bricks. But so far asregards the strength of
bricksin mass—that is, when put together in building—
we have a wide enough range of experience open to us
to enable us to decide that brick is capable of giving a
structure as strong as a like structure built of stone,
and at a much cheaper rate. For while the very num-
ber of the individual pieces in a brick building gives
of structural necessity a strong building, by virtue of
the “bond ” secured, the pieces being of determinate
size, are ready at once to be handled and put in place ;
whereas the stone, in important structures, where great
resisting strength is demanded, have to be cut into the
various shapes, chiselled or trimmed to secure bond,
and are costly, in so far as their handling, so to call
it, demands special and often costly appliances and
machinery. The railways of the kingdom give
numerous examples of brickwork which are evidence
enough that it is capable of resisting almost any
pressure to which built structures are liable.
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THE FACTORY OR MILL HAND AS A
TECHNICAL WORKER.

THE ORGANIZATION, GENERAL DUTIES, AND SPECIAL
WORK OF THE STAFF OF FACTORIES FOR THE PRODUC-
TION OF SPUN AND WOVEN GOODS~—THAT IS, “ YARN "
AND “CLOTH"—AND THOSE CHIEFLY IN COTTON AND
W0OL—GENERAL DESCRIPTION OF THE VARIOUS PRO-
CESSES OF MANUFACTURE,

CHAPTER V.

CoxTINUING our deseription of the cotton *scutcher ”
or ‘“beater,” we have to notice that the second
beater, b, in fig. 2 (p. 371, vol. i), makes 1200
to 1900 revolutions, and consequently its arms give
twice that number of blows per minute. The first
endless apron, ¢, conveys the cotton to the grooved
feeding-rollers with a certain velocity per minute, and
the second band, d, to the second pair of feeding-rollers,
£, at an increased velocity, or nearly double the amount.
Such a machine, one yard wide, can clean from 600
to 9001b. of cotton in twelve hours, and requires a
driving power of say two-horse power. To the first
scutching machine there is a second or a similar one
attached. This machine, which also has a beater, a
perforated drum and an endless band, is called a lap
machine, beeause it rolls up a certain weight of cotton
on wooden rollers, in the form of a sheet of cotton
wadding. The beater makes 1100 to 1400 revolu-
tions per minute, and has about the same diameter as
those in the first machine. In twelve hours it can
work up about 8001b. of cotton.

Practical Points connected with the * Scutching” and “ Lap

Machines.”

The “lap machine” derives its name from the fact
that it gives the cotton, which is fed to it at one end
and brought out at the other end, the form of a
continuous ¢ lap,”—that is, the cotton comes out from
the beaters in the form of a fleece, passes under
“ calender rollers,” and so is continued in motion till
it arrives at what is called the “lap roller,” and is
wound round it until it is'so large in diameter that
it has as many coils or laps round the roller as is
required. A ““lap machine ” is the finishing machine
in the blowing room. In many mills only an “opener”
and a “lap machine” are used.

In other mills the “scutcher” or “ beater ” follows
the “opener,” and then the “lap machine,” which in
this method of working is called the “finishing lap
machine,” because it has received laps from the
scutcher, and no more opening, scutching, or lap
machining is given to the cotton. Scutching simply
means cleaning or dressing. Now, where very dirty
cotton is used the scutcher as well as the lap machine
is employed. This is the case more especially where
a very common grade of cotton is used, such as
Surat. Before describing more particularly the opera-
tion of the cotton scutcher, we deem it desirable

to refer again to the last or vertical *opener” we
have alluded to, so that the reader may be furnished
with the latest method or style of working in this
department. We know that it is & good system
which is coming into use. We cannot at present
say it is very genmeral, but it is fast gaining the
attention of practical spinners, is adopted by some of
them and carried out through their concerns, and is
spoken of as being very satisfactory. The opener we
allude to is the one last described, which has a conical
beater, and where the cotton is fed through a funnel
and not through a pair of feed rollers which hold
the cotton fast until the beater has given a series of
blows from steel blades, but where it is drawn in and
treated with comparative gentleness until it is opened
and then allowed to pass or rise up to the top, where
it is condueted by creepers or endless aprons to a cage,
and then through plain calender rollers, and from
the calender rollers to the point where it is taken up
and wound round another roller called a lap roller,
and when the lap is sufficiently large it is taken con-
veniently to the next process, This method is carried
out where the cotton is not so very dirty. Where
cotton requires more opening and cleaning an addi-
tional opener is joined to the first, similar in make,
but which receives its cotton not from feeding through
a funnel, as in the first instance, but from the first
machine through an opening, that is, a communication
from one to the other, and by this means is operated
upon a second time, and with the same mildness we
before alluded to. But the cotton being in a bettar
condition to cleanse, on account of its having gone
through the first operation of opening and being partly
cleansed, the lumps will be opened very readily.

Advantages of the Gentle Mothod of Opening Cotton, as by

the Conical Opener or Beater.

We feel assured that this mild way of treating
the fibres of cotton will in time draw the attention of
spinners generally to the fact that the fibres of the
cotton are and must be much freer from breakage
by this simple and gentle treatment than by any
other kind of “opener” we have had under our own
superintendence, or have had the opportunity of
witnessing ; and we have been favoured by seeing all,
or nearly all of them—those used in this country as
well as those in the United States. We must, in
view of the practical elucidation of the point, again
say, a8 we have before said, that if cotton is in the
least degree damaged in the first operation, and the
damage be not detected at the first machine imme-
diately it occurs, it is impossible to rectify the mistake
or misfortune in any or all of the after processes it has
to go through. This conical and vertical cotton opener
promises well to become the most favourite machine
in the trade. We know that prejudices in all ages
have had to be overcome; and the machines now, and
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such as have been for a series of years in use, will
linger long in the favour of some men, who may be
very intelligent too, but are of that class who do
not follow fashion at the outset, but often wait
until the fashion is nearly dying out. If we wait for
every one to accept a new style, be it ever so supe-
rior to any other that has before been used, we shall
wait in vain, The fact of a machine of any kind not
having the praise of everybody, must not stand in the
way of progress. As far, at present, as the facts of
this principle of opening cotton present themselves to
us, we have tried to point out some, at least, of its
advantages which we know from experience. And
others who have had much practice in the different
opening machines corroborate our views. We have,
in truth, believed for long that great injury is done
to the fibres of cotton by the rough and harsh treat-
ment which it receives from the ordinary beater and
feed-roller style of working; and knowing this, that
more cotton is damaged in the ¢ blowing room,”
where openers and lap machines of the beater style
are used, we feel it our duty to treat this part of the
operation to which cotton is subjected more at length
than otherwise would have been requisite. We do
not desire our readers to conclude that if the cotton
in this department escape damage, no injury can
be done to it in any of the future operations. We
know, to the contrary, that in all the processes to which
cotton is subjected before the yarn is sent into the
warehouse, damage may be done to it, and when
once damaged, at whatever stage it may be, it is
impossible for it to be thoroughly rectified ; though it
may not be so easy to detect, nevertheless its defect
must exist, and in some future operation it may be
discovered. 'We may repeat the assertion already made
before we conclude, and that is, that with all the
care and watchfulness which can be bestowed upon it
by the most eminent of the leading men concerned
in the management of a mill, and with the advantage
of having careful workpeople, mishaps cannot at all
times be avoided in some part of the ¢ preparation”
of cotton, or in the “finishing” department—namely,
spinning. Though we know this, it should rather
cause us to be more watchful, not only knowing the
possibility but the probability of accidents in the
different departments.

As we have stated, the vertical cotton opener, or
machine not only opens and cleans the cotton as it
comes from the bale, but it also is now used as a
lap machine—.e., it delivers the cotton to a cage in a
loose and open condition, just in the same way as a
scutching or lap machine does, and this without being
transferred to another machine as in the ordinary
way of lap-making. It then only requires the lap
mechanism to be added—t.e., that part which is used
-in the common lap machine—and then the lap is
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ready for the carding engine without any further
manipulation.

For these reasons we feel assured that the lap
machine as now made will either have to undergo

- some considerable change, or the opener above alluded

to will take its place, especially where cotton is
moderately clean, and possibly where cotton is not so
clean ; kmowing or believing that in all cases where
one machine can do the work of two,—and to be done
equally as well, probably in some cases better, and at
the same time to be done with half the labour, half
the outlay, half the room, half the power, half the
repairs, in short the half of everything in relation to
cost,— it is not more costly or difficult to work with
this kind of machine than it would be with any
other which would give similar results. We had
thought at first, when we were so well satisfied with
this machine, of which we have stated some of its
advantages at length, that it would have been almost
useless to say more on the opening of cotton, but
more particularly of the scutcher and lap machine.
But as ordinary scutchers and lap machines are now
largely in use, and probably will remain in use for
years to come, it is necessary that we should treat fully
upon them, as to their general utility and mode of
working,

The ‘¢ Scutcher " or ‘‘ Beater,” a Machine more suited for Coarse
than Fine Yarn Cotton—The Principle and Details of
its Operation— The *¢ Feeding Apron,” its Mechanism and
Operation—Practical Management of the Important Work
of ¢ feeding " or supplying the Machine with Material.

The scutcher is a machine which is in general use
where short-stapled and dirty cotton has to be treated.
This will at once point out to the reader that its
gervices are more required where coarse spinning is
carried on than where fine spinning, or even medium
spinning, is carried on. This machine is well known
by the name of a “scutcher,” Its name is appropriate,
for it does scutch, whip, and scutch and whip again.
Before describing the way in which the cotton is
treated by the scutcher, it may be as well to give an
idea of the machine in its mechanism, in addition
to what has been already illustrated in fig. 2. The
scutcher is of necessity a long machine. It must be
understood that this is generaily the second machine
which operates upon the cotton after it has been mixed.
First the opener ; second the scutcher,

When the cotton bas been “opened” it is in a
light fleecy condition, and can then be spread upon
a table or any other similar surface with considerable
evenness, The first part of the scutcher is what is
termed an endless apron, and is carried or drawn
regularly round by a roller, which is driven by what
is called a tooth and pinion—that is, positively driven
by wheels—and it moves at a very slow pace. When
the other part of the scutcher is working, it is also
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travelling at its regular pace; and when the scutcher
is not working, it is not moving, Like most other
machines, its motion is in connection with the other
working parts. The object of this endless apron will
be manifest to the reader from the fact that it is the
bearer or carrier of the cotton. On this apron the
cotton as it comes from the opener is taken to the
scutcher, 'We will add before going any further that
in the case of the opener and scutcher they are so
arranged that as the cotton leaves the opener it is
cast out as near as possible to the scutcher, so that
labour may be economised in carrying it from one
machine to the other. This machine requires in
most instances two men or women to serve it, in
order that it can be kept regularly fed, or otherwise
the work would be spoiled. This endless apron is the
first part of the machine, and the part from which
the material is carried to those parts where the
cotton is scutched or beaten, The apron is made
of thin laths of wood, placed close to each other to
allow of their going round the rollers which guide
and drive. Two or more straps (leather), 2 to 2}
inches wide, are used, and are fixed at certain
distances, If the frame is wide, three straps will
be used, placed at certain distances so as to insure
their keeping on pulleys which are on the driving
shaft, and which are 3} inches in diameter. The
thin laths being screwed to the leather strips, and
the two ends pieced, it then becomes an endless
apron.

On this endless apron is spread the open cotton.
The apron is divided into equal lengths of say 24, 28,
or 30 inches in length, and at each distance one of
the laths will be painted either white or black accord-
ing to taste, or it may depend on the kind of paint
nearest at hand. And on each division a weighing of
cotton is spread upon it with as much accuracy as can
be fairly expected, even from the accustomed hand. A
pair of scales is used called cotton scales, though much
like scales which are in use everywhere, save and except
the end where the weights are kept. No loose weights
are allowed; they are put in a tin box and then
locked up, and the key kept in the office. The end
where the cotton is put to be weighed is in a kind of
scoop, made in the best form for holding a bulky
material. The weight of cotton at a weighing in
one mill may differ from the weight used in another
mill,—both, of course, for the same purpose; still
the variation is not much. This system of weighing
and spreading is the same almost everywhere, and it
i8 done 80 as to insure regularity in the delivery of ths
cotton to the scutcher,

It must be kept in mind that regularity in weighing
and spreading is indispensable in the preparing-room,

and is therefore never lost sight of by thoroughly
well trained cotton spinners; and to insure this the
weights of the scales are always locked up in a box
at the scale end. We shall see shortly how this
weighing is tested. When the cotton is spread upon
the “creeper” or “apron,” it is carried on until it
reaches two iron fluted rollers. The fluted rollers
are from 24 to 3 inches in diameter; they are so
large in diameter, and consequently strong, that the
cotton as it passes through may not cause them
to spring, and thus allow the cotton from the creeper
to be snatched from them. The object of the two
rollers called “feed rollers” is to feed the cotton
at a uniform rate, so that it cannot be thick at one
time and thin at another. They are driven by tooth
and pinion, so as to insure the certainty and regu-
larity of their motion. We must not forget that
every part of the machine must be so arranged as to
do its work with the greatest amount of regularity ;
any hitch in one part of the machine would damage
the whole where the cotton has to pass; <.., if one
part of the machine were to change in speed during
the working, the variation in the thickness would
be observed in the following machine, and hence the
importance of such a method to insure uniformity of
motion throughout all the machine. As the cotton
passes through the feed rollers,—but, as we said before,
at a very slow speed,—the beater then operates upon
it for removing any sand, motes, or other useless
particles which may be in the cotton, and to further
open out the fibres (separate them). Cotton is
sometimes so matted together that it is with great
difficulty that the fibres can be again detached from
one another, or the lumps opened up. Tt is all-
important that cotton should be well opened and
freed from all superfluous matter, so that it can be
the more perfectly treated in the next process.

Principle and Details of the Operation of the ‘‘ Scutcher ”’ or
¢ Beater.”—The ‘‘ Beater ” or Opener-up of the Cotton passed
through the Machine.—Beater Cage.

The beater takes the cotton from the feed rollers
by knocking it off, or separating it into small particles.
Tet us here examine a little closely the whipping or
scutching which the cotton is subjected to as it is
passed from between the two iron fluted rollers, Let
the reader bear in mind the slow motion of the feed
rollers, say three or four 'revolutions per minute.
The beater has two arms, and in some cases, indeed
in many instances, three arms. This means, that for
every revolution the beater makes it gives three
blows to the cotton as it passes out and comes from
between the rollers. Now, such a beater will make no
fewer than say 1100 to 1200 revolutions per minute.
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THE GEOMETRICAL DRAUGHTSMAN,
H1s WorRk IN THE CONSTRUCTION OF THE FIGURES
AND PROBLEME OF PLANE GEOMETRY, USEFUL IN
TRCHNICAL WORK.

IV.
‘We have at the conclusion of last chapter stated that
a right angle is always one of 90°, and a set-square to
give this angle, as the angle a b ¢, fig. 8 (ante),
must have its two sides or edges of equal
length, as a b= bec. This is, in point of fact, the
half of a square all the sides of which are equal
to ab or be. It follows that the sloping side, ac,
of the set-square, termed geometrically the hypo-
thenuse” (a b being the “base” and bc¢ the ¢ per-
pendicular "), gives an angle one-half of that formed
by the sides a b, b ¢, or the angle abc: that is, the
angle bac or cab is one of 45°. This side ac is
then always the “diagonal” of a square the sides
of which are equal to ab or be. Set-squares are,
however, formed with other angles than those of
90° and 45°. Thus one very largely used in various
geometrical constructions, and in architectural and
engineering drawings, is that giving the angles of
60° and 30°; this is illustrated at opg¢, the angle
¢ o p being one of 30°, and the angle op ¢ one of
60°. Another set-square is shown at rs¢, in which
the angle rt¢¢ is one of 674°. In all cases of
triangles the sum of the two angles is equal to
90°. Thus the two angles at @ and ¢ being each
45°, those added together give 90°, as abc or cha;
or the angle o 30°, and that of p 60° the two together
=90°, pgo. And the angle at s being 671" (67° 30),
that of ¢ 22° 30’ (224°), these two together make 90°,
srp. In the two set-squares last referred to, and
illustrated in fig. 8, the perpendiculars ¢ p, st, are at
right angles to the base 0q, »s, and giving angles
of 90°, as 0 ¢ p, s ¢, are thus useful for drawing
lines perpendicular to another in the same way as
by the set-square a b ¢ used as at g 4 ¢ and at nm.
Testing of Bet-squares.

The set-square is an instrument the principal
use of which is to draw perpendicular lines in the
way we have shown at g % ¢, m n, fig. 8, but may ob-
viously, however, be used for the practical drawing of
parallel lines.

It is, of course, absolutely essential that the instru-
ment be correct. Set-squares cut out of one piece
are liable to become warped and bent, either in con-
sequence of heat or damp. Those in three parts,
with a vacant space in the centre, are more difficult
to make, but last longer in a correct condition.
. QGreat care must be taken, however, not to let them
fall.  Bet-squares are tested in the following
manner. A straight line is drawn with a good ruler;
then, without moving the ruler, a perpendicular line

is drawn with the set-square; then the_ set-square,
in the position as at g & 4, fig. 8, is reversed in
position, and a new perpendicular line drawn, which
should exactly coincide with the first, If these two
straight lines cover or coincide with each other exactly,
the instrument is correctly made or adjusted.

Varieties of Angles and their Peculiarities.—Acute and

When an angle is less than a right angle, we say
that it is ¢ acute,” as the angle ¢ a b or ¢ f d, fig. 9.

A g v B3
Fig. 9.

An obtuse angle is one which is larger—that is
to say, gives a more open or more extended space
between the lines, than a right angle, as g 2 ¢,j kU,
fig. 9. When two lines intersect, the angles a a, b 3,
fig. 10, which are formed by their apices or points at

Fig. 10,

¢, are equal. When the lines are not perpendicular,
there are always two acute angles and two obtuse
angles, the sum of which is equal to that of four
right angles. If the lines do not intersect, but meet
50 as to form only two angles, these two angles would
make, together, two right angles. The sum of all
the angles formed round a point, as d, fig. 10, on one
side of a line, d ¢, is equal to that of two right angles.
This is easily unberstood by merely inspecting the
diagram and summing up the angles formed by the
lines d f, d g, d b, d 3, d j, as the angles ¢ d' f,j & ¢,
etc. The angles formed round a point, as m, fig. 10
are equal to four right angles.
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The angles, the sides of which are parallel and
inclined in the same direction, are equal, as the
angles formed by the lines « b, ¢ d, with the lines
ee ff, fig. 11. The pupil should consider this point
in connection with the use of the set-square in fig. 8.
The angles, as d a b, d a ¢, fig. 12, or e fg, b f g, are
said to be  adjacent,” as they have lines, as a d, e /,

s »

- -

Fig. 11.
“common” to both: that is, the line @ d belongs as
much to the one angle, d a b, as to the angle d a c.
kij,kil,ommn, mop,sqr and g st are adjacent

angles.

i
A
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e
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Fig. 12

The Circle,—Various Points connected with it.—The
Diameter—Radius,

We now come to consider various points connected
with the circle. The feature of this is the line called
the “circumference,” the characteristic of which is
that any one point taken in the line is, from a certain
given point, equidistant from any other point. Every
point, therefore, is equidistant from the given point,
and that point is called the “centre.” As every school-
boy knows, the circle is formed, or “ described "—to use
the geometrical term—by means of a pair of com-
passes, one leg or point of which is retained in one
point, while the other leg—which is extended or

pulled outwards—is swept round, the point of it
tracing the line called the circumference, or, as it is
popularly termed, the ¢ circle.” In certain forms one
of the legs carries either a pencil or a drawing pen
at its extremity.

The “diameter” of a circumference is a straight
line, as a b or ¢ d or ¢f, fig. 13, which joins two
points in the circumference, as a b, ¢ d, ¢ f, passing
through the centre, g. Every diameter divides the
circumference into two equal parts, each of which is
called a semicircle, as ¢ @ d, ¢ A f. All diameters
drawn with the same circumference, or in any number
of circles of equal circumference, are equal. The
“radius ” of a circle is a line which starts from the
centre, as ¢, fig. 13, and joins the circumference, as at
j- A horizontal section, as ¢/, and a vertical, as < j,
cuts off one width of the complete circle ; and the part,
as4jl, is called a “quadrant.” In the same circle all
the radii are equal. The measurement of the radius

2

L)

Fig. 18,

is exactly the distance between the two points of the
compass which has served to draw the circumferential
line or describe the circle. Two radii, as m 1, 1,
placed on the same straight line, form a diameter,
as m [; each diameter, then, is equal to twice the
radius, ¢ m or ¢ /. The radius of a circle is generally
indicated by the letters ¢ Rad,” or simply by the letter
R. The measurement of the circumference is the
diameter, or twice the radius multiplied by the con-
stant number 3:14, or extended, 3:1416. A circle
the diameter of which is a “meétre” (French or
Decimal Measurement*), would measure 3m. 1l4e.
In other words, the ratio of the diameter of two
radii to the circumfeience is as follows: 2 R : cir-
camference :: 1 : 3-14, which gives as measurement
of the circumference 2 R x 3m. 14c. Examplo: A
circumference the radius of which is 6 métres would
measure 2 X 6 x 314 = 37m. 68c.

* Bee Technical Facts and Figures (p. 888, vol. i.) for French
Weights and Measures.
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His STUDY AND THE DETAILS OF ITS PRACTICE, CHIEFLY IN RELATION TO TECHNICAL WORK IN MANUFACTURING DESIGN,
CHAPTER IX,

WE concluded the last chapter by referring to the
importance of cultivating the eye in the drawing of
lines without actual measurement of them. When
a student depends upon any mechanical means for
measurement, of course he does not depend upon his
eye, and therefore he does not cultivate or train it,

or use it as he ought to do; and in so doing he | |
is neglecting a very important element in his art Fig. 46.

education —namely, the cultivation of his eye. We

hope the student sees the importance of adopting
the course recommended—that is, of drawing the

a

line first, and then measuring it. By the first means
he is testing his accuracy of measurement by eyes
and is training it; by the second he ix depending
solely on mechanical means, and is neglecting the
training of his eye and retarding his own progress,
or not learning as much as ke ought to do.
Referring now to the various examples or
“ studies ” we have prepared specially, as guides to
the student in the acquirement of his art, we pro-

ceed to describe them in their order. The figure next
in consecutive order is fig. 41 (see p, 17). This is the
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leaf called mauve in France, and with us known asa leaf that very much resembles the acanthus leaf (the
mallow leaf. The varieties of mallows are very nu-

chrysanthemum, figs. 3 and 4, Plate XVI.): the

e

Fig. 47.

merous, and the student will observe that the shape

student will observe the divisions of the leaf and the
ic not unlike the geranium leaf. Now we come to a

“ loops,” and very carefully draw them, as he will have
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2 shape somewhat similar very frequently in his In fig. 42 we give a drawing of a ‘“vine" leaf,

N

N

T

Fig. 48.

practice. When we come to describe the “ acanthus”  with the blocking in at two stages, b and ¢ in figs,
‘we shall point out the different treatment of the leaf. 43, 43.
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THE TECHNICAL STUDENTS INTRODUCTION
TO THE GENERAL PRINCIPLES OF
MECHANICS.

LAWS AFFECTING NATURAL PHENOMENA—MATTER
AND MOTION,

CHAPTER VIIIL

Bur the comparison named in our last chapter of
a body in motion, is not always made relative to
another at rest, for rest itself is relative. Thus,
if one is sitting on the deck of a steamer coasting
along the shore, he is at rest relative to the ship,
but in motion relative to the shore; for the motion
he has which is derived from the ship is said to
be ‘“common” with the ship, while the motion
relatively to the shore is common to both. But if
we suppose that he is walking to and fro in place of
sitting on the deck, he then has motion “relative”
to the ship; and if he walks along the deck in the
opposite direction to that in which the steamer is
going, and at the same rate per hour—say three miles
—he is, relatively to the shore, at rest, for he is
walking just as fast in one direction as the steamer
is moving in the opposite. We thus see that it may
be true that a man, as in this example, may at the
same time be in motion and yet at rest. Thus, in
walking on the deck he is in motion, as he changes
his place from one part of it to the other in relation
to the ship; but at rest in relation to the shore,
For the “force,” whatever it may be, which would
take him from one point to another as measured
along the shore, is counteracted, so to say, by another
and an equal force—namely, that of the motion of
the steamer in another direction. So that the sum
of two forces, each of which is capable of producing
motion, may produce rest; hence is deduced this
definition of the terms motion and rest. A point is
said to be in motion or at rest according as its position
in space is or is not changing or being changed.

Motion and Force.—Some further Points connected with them.

If the reader will turn to the paragraph (in p. 280),
giving the generally received definitions of the term
“force,” and to the paragraph (in p. 306) entitled
“gome considerations connected with the last-named
definition of force-pressure,” he will find under those
heads a good deal which bears on the statement made
above—namely, that generally force is considered to be
a cause of motion. We shall have yet much to give
on the subject of motion—and in its relation to force
we have yet to explain the laws of motion as generally
received—and we have many points to which we have
yet to draw the attention of the reader in connection
with the phenomena of motion under different circum-
stances or mechanical conditions, all of which have the
closest bearing on the practical work of the mechanic,
We for the present, therefore, add to what we have

already given on the subject of motion a few general
statements respecting it, which it will be necessary for
the young student reader at present to have some
fair conception of. A further and fuller one will yet
be had as we proceed. From what we have said in
preceding paragraphs, the young reader will have per-
ceived that there are other definitions of force than
those we hawe given in p. 280 ; and that much of the
uncertainty which arises in his mind as to this point
of force, and what it is, is owing to the obviously
different character of the definitions given—differences
pot easily, if at all reconcilable. Hence it is that we
have recommended as his best course of action, at least
at the beginning of his study, not to take up time by
trying to reconcile—or to understand—the difficulties
caused by opposing, contradicting, or confusing defi-
nitions, Whatever may be said—and a good deal has
been said—of Newton’s definition of force, this at all
events may be said of it : that it (the definition) conveys
the idea in a way which so appeals to our common sense
or every-day experience that no one will have a difficulty,
as we have already said, in understanding its manifes-
tations, Whatever that force may be, in every-day life
we have no end of practical facts to prove that if we
have a force, we can and do get by it motion. We
can push against an object, or we can pull at it, or draw
it, to use g very common phrase ; and with the push or
pull or draw we can, if the force we exercise or the
energy we put forth be great enough, cause the body
to move, that is, change its position—or if it be a body
like & pulley hung upon a shaft, we can cause it to
rotate, ¢.e. turn round or partially round on its shaft
asa centre. In succeeding paragraphs we have much
to give on the peculiarities of motion under different
mechanical conditions. If we think of moving a body
along a surface we almost intuitively conclude that it
is done either by pushing or pulling or drawing it.
The word ¢ push ” is derived directly from the French
pousser, to drive or propel by pressure—to push against,
as by the force of the arm or the weight of the body.
Andthis French term is derived from the Latin pulsare,
to beat or knock or push against. The word “ pull ”
is Old English in derivation—pullian, to draw or drag
a body towards one, to haul. The word “draw " is also
Old English in derivation—dragen, or it is from the
Ger. tragen, and this from the Latin trakere, Both
these mean primarily the causing of a body to move or
approach towards oneself by the exertion of a force—
there being a connexion between the body to be drawn
and the force, as the arm or body, which drawsit. The
word “drive,” so frequently met with in mechanical
definitions, is synonymous with “push,” and is derived
from the Old English drifan, to push ; so that driving
is like pushing—the action of a force behind the body,
moving it along by pushing against it. That Newton
considered force as an effort—a physical effort—and
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that he associated with it the ideas of pulling or draw-
ing, and of pushing, is beyond any doubt. Now, an
effort, derived directly from the French word ¢fort—
e, out of, and fort, strong—is an exertion of power or
of strength, in other words the manifestation of energy.
This method of considering a force as the cause of
motion does not exclude, but includes, a strain or
stress, a pressure (see a preceding paragraph, p. 306,
for some remarks on pressure). In the case of
moving a body by a pull or draw, a connexion being
between the body and the force pulling or draw-
ing, the connexion—as a rope —is said to be
“gtrained.” The word * strain” is derived from
the French étreindre—to draw tightly or with force,
or to test the strength of by pulling or drawing.
The word “stress” is simply an abbreviated form of
the word ¢ distress,” and means that which bears on
a body with force, weight, or pressure. From all this,
and from what has already been said, the youthful
reader will perceive that force—whatever it is—is
always exerted, or seen to be exerted, in relation
between two bodies, and the action as between the
two bodies is not completed, cannot indeed be said to
be begun, till the force is exerted. Force considered
as a push or pull or a draw, or an effort or strain,
cannot of itself produce or cause motion till the effort
be made, the push given, or the pull or draw put
on. This the young reader will see to be true if he
thinks it out. He may put his hand on a ball, and
yet, although he knows full well that be has only to
exercise his will—volition, and the force of his arm—
to use the general form of expression—will be put
forth, still, though the force exists, there is no motion
on the ball, that is, it is not pushed forward so as to
be moved from him, till the will is exercised and the
push given. The same holds true in the case of a
pull or draw: there is no movement of the ball
towards the person till the force—pulling or drawing
force—of the arm or body is put in exercise. And
no matter what the force or power might be, it is
obvious that it (the force) and the body would
remain in the same position to each other as at first,
and there would be no motion in the ball till the force
gave the push, or made the pull or draw or effort.
And when the push is given, the pull, draw or effort
made, and the motion of the ball takes place as the
result, we say in general terms that it is the force
which causes the motion. This is quite true, but it
does not go far enough ; something has to be added to
make the truth complete. And this follows from
what we have said above. For the force—say the
hand—may be in actual contact with the ball, and yet
no motion take place till the will acts in the hand,
the push is made, and the ball moves. But the exist-
ence of the mere force would never have caused the
motion ; unless the force—rvepresented by the hand

and arm acted on by the muscular force of the
body under volition —itself had moved, the ball
would not have moved either. In the case of the
hand giving the push, the volition or the mere will
creates, so to say, the force; but this is exercised

‘through the medium of the muscles of the arm, which

themselves moving give motion to the hand, which in
turn gives motion to the ball. So that while it is in
one sense quite true that it is the force which is the
cause of motion, that force has, so to say, itself to
move before the body it acts upon will move; so that
it is equally true in another sense that force alone is
not, and cannot be, the cause of motion. And this
is true, whatever be the character or nature of the
force, or to give it its other name, power, employed.
‘We shall have many exemplifications of this import-
ant truth or aspect of motion and force as we proceed
in future paragraphs to explain the different classes
of motions. As we have said, all force is an action
between two bodies, and all force may be said to be
8 means or mode of giving out motion, which is
imparted to or taken up by another—which is thus
moved. And in proportion as this body moved takes
up the motion given out by the other body, so that
which is or represents the force in like proportion loses
it. We have not at this stage of our papers referred
to certain considerations flowing out from what are
accepted as the laws of motion, inasmuch as these
will naturally come up for description and illustration
in due course in succeeding paragraphs. Such con-
siderations as these just alluded to would very much
complicate to some of our readers the general subject of
force and motion considered in their simplest elements
and relations ; and it is only some of the more general
considerations we desire the reader at present to ex-
amine, and to gather up one or two leading features
which may be of service to him when he comes to
consider the more special and detailed points.

Velocity of Matter in Motion, related to or dependent upon the

Elements of Time and Space.

So far as the machinist is concerned, as it is with
movements he has chiefly to do, force is generally,
we may say always, considered to be a ‘“cause of
motion.” Motion has the two conditions of common
and relative, and can never from the nature of things
be aid to be absolute, for that can only be ascertained
by a knowledge of the universe to which absolute
motion is relative. Motion has other conditions, to
which we apply such terms as rapid and slow, accele-
rated and retarded.

What these terms imply we know almost intuitively,
but direct exemplifications of them we shall meet with
as we proceed. But with all of them the condition
to which we give the name “velocity” is invariably
ascociated. Velocity and motion are often confounded
as synonymous terms, for we find the expression “his
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motion was very rapid,” used as if it meant the same
thing as “his velocity was very great.” Now, velocity,
or the magnitude or amount of motion, gives us the
means of measuring or estimating the rapidity or the
slowness of motion, and is constant or invariable.
But the element or condition of motion known as
velocity would from the latter circumstance be of no
practical value to us, unless we took along with it the
elements of space and time. For the measure of the
velocity of any body is the space it describes or passes
through in a given time. Velocity may therefore be
defined as the velation which motion has to time and
space. It is derived from the Latin word velocit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>