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viii MANUAL INSTRUCTION—IVOODIWORK

Schools, whatever material may be used, must be a real educa-
tional process. The popular notions of Manual Training are
very vague and varied ; authorities even differ as to its signifi-
cance, It is necessary, therefore, to lay down distinctly the scope
and aims of this ‘ New Education.’

Manual Instruction, especially when wood is the material
used, may be nothing more than the development of mechanical
skill in the use of tools; and, as such, it is understcod by many
of its advocates. DBut this is not what < Educators’ conceive
Manual Training to be. The Manual Training of the sehool must
be a training which places intellectual and moral results before
mechanical skill. If T may venture on a definition, I should say
that Manual Training is a special training of the senses of
sight, touch, and muscular perception by means of various
occupations ; and it is a training of these faculties not so much
for their own sake, though that is important, as it is for the
training of the mind. While the eye is being trained to accuracy
and the hand to dexterity and manipulative skill, the mind is
being trained to observation, attention, comparison, reflection,
and judgment. In other words, Manual Training is a development
of the manual and visual activities of the child, having for its
purpose to quicken and develop the mental powers of observation,
attention, and accuracy ; to cultivate the moral faculties of order
and neatness, perseverance and self-reliance; to awaken and
train the artistic faculties, and direct the child’s instinets
towards the beautiful and true; to satisfy and cultivate the

child’s instinet for activity, and excite pleasure in the acqui-
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sition of skill ; to provide opportunity for the development and
practice of the inventive and constructive faculties ; and to afford
scope for the imagination.

Thus the main aim of Manual Training is Educational, to
perfect our system of education, and so to raise the standard of
practical intelligence throughout the community. At the same
time some other advantages follow, which, if secondary, are
important. For instance, the special training of hand and eye
cannot fail to develop and stimulate those faculties upon whose
activity success in life depends. The cultivated taste, the trained
eve, and the skilled hand cannot fail to bring forth fruit in the
home and in the workshop, and, in fact, in whatever position in
life the child may be placed. Then, again, Manual Training con-
fers a marked benefit on the school. It attracts and delights the
children, because here they find food for the imperious need of
activity inherent in .child nature. Manual Training lightens and
brightens the work of the school, and introduces an element of
attractiveness which must relieve school-life of some of the
weariness and languor incidental to purely mental effort.

One word more : the essence of Manual Training lies in the
practice, and not in the production ; in the doing, not in the thing
done; and any exercise is valuable only in proportion vo
the demand it makes upon the mind for intelligent, thoughtful
work.

GEORGE RICKS, B.Sc



















































2 MANUAL INSTRUCTION—WOODIWORK

very apparent, and on which so many vital social questions
affecting the welfare of the whole community depend. All
authorities agree that education is not, or should not be, the
mere accumulation of a knowledge of facts, but, primarily,
a development of the natural mental powers, in connection
with which the teaching of facts is only a very valuable concomi-
tant.

This view, although perhaps as old as education itself, has
not, unfortunately, been generally accepted as the standpoint
from which the school course has been framed, and, as one of
the results, the most powerful and necessary inclination of chil-
dren, to construct, has been left to develop as well as may be,
without help or interference from the schoolmaster.

Moreover, besides neglecting the constructive ability of chil-
dren, the ordinary school course, in its attention to the develop-
ment of the purely mental faculties, must have absolutely harm-
ful effects on the social life of the people.

The lighter occupations, calling for purely mental powers, are
naturally overcrowded by the larger number of youths who are
fitted for them than formerly, and the industrial occupations
are filled on all sides with incompetent workmen, who might
have early discovered their unfitness for occupations involving
manual skill if opportunity had been presented to them. The
breaking down of the apprenticeship system, the advent of
universal education, and the high pressure in every occupation,
resulting from competition, have caused this problem to assume
an acute form in recent years.

The school course of mental education is, by this result,
brought into somewhat unmerited disfavour among the artisan
classes, who frequently complain that many things are taught
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them at school which appear useless in after life, while other
very useful subjects are omitted, and this want of continuity
between the school and after life detracts to a very considerable
extent in many men’s estimation from the value of the ordinary
school instruction. To meet the difficulty, technical and techno-
logical sechools have been established in most large towns, and
admirable institutions now exist, and are doing an immense
amount of geod work.

As the distinet object of technical education is to malke good
workmen who understand the scientific principles as well as the
practical work involved in their trade, its course is therefore
clear ; but it is still felt, and especially by technical teachers, that,
as a balance to the mental work done in the school, something
is wanted for quite young children, to stimulate and foster
their natural creative powers, and male the wished-for bridge
between the school and working life of the people. This necessity
has called ‘manual training’ into existence.

Technical education, in the true sense, is trade teaching, but
the great point of difference between technical education and
manual training is, that in the latter no trade is taught, and
this must be thoroughly understood and borne in mind in
framing a course of instruction. Mere manual dexterity and
the widening of the child’s intelligence by every possible col-
lateral means are all that are aimed at.

The degree of skill which enables a workman to uncon-
sciously perform an operation in his trad: is never reached in
manual training. Each exercise is well considered and intelli-
gently drawn before its execution, and the close attention on a
novel subject is of great service in the devlopment of the boy’s.
mental faculties.

B2
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For the first time, probably, a boy is confronted with the
importance of accuracy of measurement, and has to put into
practical use the tables of measurement he has learnt at school.
He finds that his drawing is to be no objectless copy, but a
correct representation of an actual model, and from this drawing
the exercise or model is" to be executed. IHis knowledge of
elementary geometry and mechanics is tested and made of real
use, and life and vividness are imparted to these subjects which
they entirely lack when taught in the abstract. Teaching of
this kind, as might be expected, has a reflective effect for good
on the boy’s ordinary school work. The freehand and model
drawing, geometry, and other subjects which may be included in
the ordinary school work are much more intelligently learnt by
boys who are being taught manual training, and it is usually
found that the time deducted from the ordinary school hours of
boys who are undergoing courses of manual training in no way
causes a decreased efficiency in the ordinary subjects. Boys are
also found to be more careful and observant, more self-reliant,
and certainly are more likely to grow up with a real respect for
the dignity of labour.

The extent to which kindred subjects can be taught, and the
avidity with which boys learn anything, even remotely connected
with the practical portion of the teaching, can only be under-
stood by those who have witnessed the enthusiasm of children
for manual training lessons.

The method to be adopted in manual instruection, and the
most suitable materials to be used, are subjects over which much
discussion has taken place, but though some manual training in
metal work has been attempted with good results, and clay
modelling is sometimes adopted as an early form of art train-
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ing, the most suitable material in which to work has been found
by experience to be, undoubtedly, wood.

Wood is readily capable of being brought to a given form, is
strong, light, and clean, and a material familiar to everybody,
qualities which are not combined in any other material; and, in
addition, larger classes can be taken in woodwork than with
most other substances.

Wirework is an exceedingly pretty form of manual training,
and is admirably suited for girls, but it is too fragile, and
though it ecan be taught in connection with art drawing, it is not
sufficiently associated with good mechanical drawing, to make it
a suitable material for boys to work in.

In WOOdWOl‘kiﬁg, the methods adopted vary in different
countries to a considerable extent. In devising a scheme of
manual training, it is obviously necessary to examine carefully
the methods of instruction already existing abroad, with a view
to making a system which shall include their best points,
modified, if necessary, to suit the particular conditions and
requirements of Fnglish life, and which shall exclude whatever
may be found defective in those systems.

The best known and oldest system in vogue is the Swedish
Slojd. It is now some twenty years since the classes at Naas
were commenced, and the system as now perfected is undoubtedly
excellent. The Slojd is strictly educational in its objects ; in no
respect can it be said to in the least resemble technical instruc-
tion. The exercises are most carefully graded, and are, no
doubt, admirably fitted to the requirements of Sweden ; but the
course so strictly graded and so rigidly enforced in that
country is not quite suited to English requirements and FEnglish
ideas. Herr Salamon certainly says that, in adopting the
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system in a foreign country, the course may be altered in detail,
s0 long as the exercise substituted for any one of those in the
course embodies the characteristics of that exercise. No such
modified course has, however, been given to the English publie.

In some respect the Slojd system is distinetly defective
however, notably in the association and the quality of the
drawing involved. The work is done more from the model than
from the drawing of the model, and too many of the models give
the most indifferent opportunities for drawing lessons. The
construction of some of the joints in the course is not scienti-
fically correct—i.c., the mechanical principles involved are not
correctly thought out and expressed in the construction of the
joint. It is said they are strong enough for the 816jd shop, and
this may be the case, but the construction of a simple joint gives
the teacher a good opportunity to explain the mechanical prin-
ciples from which the joint derives its strength, so that it is of
great importance that the joint should be correctly made.

A large proportion of the boys who will be taught woodwork
in England are taught something of elementary mechanics in
object lessons and by other means, and it would be a serious
error to undo or falsify this instruction by bad practical tuition.
Indeed, if the teaching does not proceed on rational lines it is
difficult to see what good result, beyond a certain amount of
mere dexterity, will result. Some joints taken in the Slojd
course are too difficult for boys, as they involve an advanced
knowledge of solid geometry, and its application to material.
The consequence is, that the boys learn these lessons unintelli-
gently, and, instead of mental work and bench practice, we get
rule of thumb put into practical execution. However well the
work may be executed under this system of instruction, it is clear
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that the lessons must lose much of their force when taught on
this mechanical plan. Another serious difficulty in the adoption
of the S16jd models is the length of time required to complete the
course. One prominent model alone—the spoon—takes a man
from seven to nine hours to execute. Now at an estimate of
two and a half hours per week (and it will generally be found
impracticable to devote longer in most schools to manual
training), the time occupied is formidable, especially when it is
remembered that a boy would take some fourteen to eighteen
hours over this one exercise. In all this time spent on the
model one drawing lesson only would be practically demonstrated
by actual work.

Another more technical objection is the great use made of
glass-paper. When this is relied on too much, the pupil is apt
to be careless in his initial work, hoping to cover its defects by

4

the effacing influence of glass-paper. Thisis distinetly objection-
able, apart from the fact that alimost the only training obtained
from glass-paper is merely physical.

In the construction of many of the models, the pupil is
allowed to saw a little from the line, and pare with a chisel
back to the line. When this can be avoided it is advisable to
do so. The self-reliance of the pupil is not encouraged by
the practice, and he will probably be undecided in his work
when he has the knowledge that he has another tool to fall
back on.

Colour, which plays so prominent a part in design, is entirely
overlooked in the Sl6jd system.

One of the most important tools used in the Slojd course, and
certainly the most unique, is the Slojd knife. The advantages
of this knife are not clearly brought out, though the importance
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of it is so strongly insisted on ; and, moreover, it has been found
in this country that all work that can be done with the knife
can be more efficiently performed with a chisel,

Under these circumstances, there seems to be no adequate
reason for adopting an ‘unfamiliar’ knife in preference to a
tool which is in such common use by all classes of workmen.

On the other hand, the chisel may be depended upon as a
means of execution for quite twice as much work in the same
time as the Sl6jd knife, giving the pupil a proportionately larger
amount of drawing practice.

Tt must not be understood by this that the mere accomplish-
ment of work is what is aimed at. The Loy, not the model, is
the object, but more exercises, quite as efficiently performed,
must be allowed to be an advantage.

Enough has been said, it is hoped, to establish the superiority
of the chisel over the Slojd knife (always assuming that the
teacher intelligently understands his subject).

The knife, so essential in the early stages of Slojd, is almost
entirely discarded in the later exercises, its place being taken by
the ordinary woodwork tools, but its effect is felt throughout
the whole course of instruction.

In the more advanced Slgjd models the use of too many
tools is involved, and these exercises are too much like pure
carpentry to be really advisable in a manual training room.

A final oljection which arises in considering the Slijd system
is the length of time required to complete the course. Most
teachers who have been trained in Sweden have required two
terms of six weeks each—about 250 hours in all—to complete
the models. Now, in calculating the time which each child can
devote to the subject, it must be remembered that the age of
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the children admitted to the classes will never permit of their
having more than three years’ instruction, and very few as long
a time as this, and that only two and a half hours per week are
usually available for the subject, during forty-four weeks of each
year. The total amount of time taken for the subject during
the three years will thus be 880 hours, and, allowing for the
usual difference between the speed of a teacher and that of a
child when learning a new subject, only about one-half of the
course would then be accomplished.

The foregoing remarks are not intended as a sweeping
indictment of the Slojd system, for it must ever be allowed that
the great central idea of the development of natural faculties,
without directly teaching a trade, is steadily kept in view by the
authors of the Swedish system as the main object to be
attained.

The defects of and objection to the system here pointed out
are urged against the methods adopted to attain this end, as
they appear to English eyes.

Instruetion in a carpenter’s shop, or in a class where the
spirit of the teaching is similar, is frequently adopted as a form
of manual training. This kind of manual training generally
means a course including a series of carpenter’s joints, and
models based on them, of articles distinctly connected with the
carpenter’s trade.

Four-panelled doors and roof trusses have been attempted,
and, as might be expected, models of this nature are generally
very badly finished. Few pupils can ever make these difficult
objects satisfactorily, with the consequence that disappointing
results are unsually obtained. Even where properly made, the
models, not being reduced to any scale, are entirely out of pro-
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portion when finished. This is likely, especially on the mind of
a boy, to produce a very bad impression of form, and would be
distinetly opposed to the theoretical teaching he receives.

It is certain, too, that, however adults may understand the
principles of instruction given on such advanced lines, few, if
any, boys could fully grasp the scientific principles of distinet
carpentry work. The performance of a succession of difficult
joints, which are not capable of being used in the construction of
some model, or, if used, are embodied in a much too difficult one,
has a wearying and dispiriting effect on a boy. He ceases to
make that effort which he would if he knew that his perseverance
would be rewarded by the possession of some object of usefui or
ornamental nature, entirely of his own production.

1t is very unusual for any attempt to be made to inculcate
ideas of colour, by combinations of various woods, or of form, by
making original graceful articles. The artistic effect of the
models 1s generally the result of accident if it appears at all,
and this very important and attractive element of good manual
training is practically lost sight of.

This form of instruction is, of course, quite in place in the
strictly technieal school, but, however good training of this kind
would be there, it is not suited to the elementary school, and
would be out of joint with the remainder of a lad’s school work.
Slojd is distinetive in its character, and in its details shares little
of the features of any other system.

Most foreign systems other than the Slojd are really a kind
of carpentry, though some of the courses of instruction, notably
at the Fcole Municipale Diderot, Paris, and at the Manual
Training School, Chicago, will be found almost unexceptionable,
when their particular requirements are considered.
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Most of the boys at these institutions receive a large amount
of insiruction, and they are able to accomplish a full and com-
prehensive course, which, with the limited time available for
instruction in manual training in the public elementary schools
of this country, could not possibly be attempted here.

To compare S15jd with what may be called, in general terms,
carpentry, in a sentence: Sl6jd has good gradation and easy
exercises executed by undesirable methods, and carpentry has ill-
graded models which are often too difficult, though they are
performed on a good plan, but, owing to their difficulty,
inefliciently.

Wood-carving is in some respects a good form of manual
training, but the work does not allow of & sufficient variety of
tools being used.

All sizes of the chisel and gouge are required, but very few
other tools ; which, moreover, cannot be kept in such good order
as is necessary, by young children.

The first attempts at carving are likely to be dispiriting
and the difficulty of properly grading the exercises makes
this subject one fit only for exceptional boys, and for the
distinetly technical workshop.

The cramped position of the pupil is injurious, and the work
does not compare favourably in this respect with the free health-
giving exercise afforded by ordinary woodwork. Some carvers’
tools might, however, be used in connection with the usual
carpenters’ tools required in manual training. The great length
of time required for most exercises in carving renders the
gradation of a course difficult, and the fact that only art draw-
ing, and of that but a small amount, is involved, makes it
difficult to teach anything else than the mere work in hand.
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Having endeavoured to point out what appear to be failings
in the various methods of instruction discussed, it becomes
necessary to lay down the main principles of a course of wood-
work manual training.

In the first place, no work should be done of which a drawing,
either full size or to scale, has not previously been made.

Perhaps it is not necessary here to enlarge on the educational
value of the ‘shortest of shorthands,” as drawing has been so
appropriately ealled, for its great value as a form of hand, eye,
and mental training is now generally recognised. In its relation
to woodwork, however, drawing is often very useful, and fre-
quently indispensable, in giving an impression of the internal
appearance of a finished exercise or model which may not perhaps
exist in reality.

Opportunity is afforded the pupil in drawing to become
thoroughly familiar with the general aspect of his work. But
the greatest benefit of the drawingis that the child’s appreciation
of what is required is more stimulated when he has to create, as
it were, under the guidance of his teacher, first his drawing, and
then his model from the drawing, instead of merely copying the
dimensions of a completed model directly on to his wood, and
from this making a precise copy of the model. A very dull lad
may perhaps receive a little assistance in this way to illustrate
his drawing lesson, but a clever one, on the other hand, should
work entirely from a drawing, to scale, of the exercise or model
required, and this will be found most valuable as a mental train-
ing, involving constant thought and close attention.

Some exercises, indeed, could not possibly be made either
by man or boy, experienced or inexperienced, without first
drawing them, on the wood at any rate—e.g., a regular pentagon
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would defy the powers of the most experienced workman. A
paper drawing might appear superfluous in this case, when the
surface of the wood can be made to take its place, but boys
frequently have to be taught a geometrical problem of this
kind before the drawing on the wood can be thought of,
and, owing to the decided objection to making false lines on
the wood, it is always desirable, even when a boy can draw
well, for him to make a paper drawing first. The argument
in favour of working drawings is really quite overwhelming, and
the tyro will at once recognise this.

With a view to assisting in the teaching of drawing given
in the ordinary school hours, the exercises in woodwork should
each involve a good useful drawing lesson.

The usual size of the exercises and models should be as
large as, but no larger than, the boys can easily perform. There
are three important considerations which limit the dimensions
of an exercise :

1. The strength and average height of the lads under instrue-
tion.

2. The limits of their powers of working, for it must be
observed that, where a small piece of work can be done by a boy
with entirely satisfactory results, a verylarge piece will probably
prove quite beyond his powers.

8. Large work means large waste and greater expense. The
accommodation in manual training rooms must be increased or
the number of the boys diminished if the work to be done is
very large, either alternative being very undesirable.

In preparing the course, the exercises must be designed with
a view to bringing out very clearly in each one some peculiarity
in the use of a tool.
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The exercises are intended to cover, as far as possible, the
main tool operations.

They need not be performed exactly as given in the course,
but if any one is departed from, great care should be taken to
substitute another at least equally useful.

The models are interspersed between the exercises, and it is
not by any means necessary to take them all. The teacher must
use a wise discretion in giving a boy a model within his power,
but by no means below it.

The models should be the indication of skill attained in
making the exercises, and should in themselves give further
improvement. Almost invariably the models will be found to
contain preceding exercises in a slightly more difficult form, so
that, in addition to testing a boy’s capabilities, fresh instruction
is imparted.

After a very little instruction has been given, the difference
in the ability of the boys in the class will demand the teacher’s
discernment in the selection of suitable models for them all.
For this reason alternative models have been introduced in
several parts of the course.

One of the great aims of manual instruction—the fostering
of the power of construction—is attained by the making of models.
To keep boys continually working at exercises, with no oppor-
tunity of putting their knowledge to practical application, is dis-
couraging to them, and they are apt to lose that enthusiasm for
the instruction which they usually possess in so marked a degree.

In designing models from familiar objects the utilify should
not necessarily be considered, for it is not required to convert the
manual training room into a workshop or factory, but to develop
the ereative powers of the boys themselves, and any model which
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will serve this purpose may be accepted. Many of the models in
the present course, however, happen to combine utility with in-
struction, and there is no objection to the useful being included,
so long as it fulfils the more important requirement of being
educational.

The chief considerations which should govern the designing
of a model are tabulated as follows :

1. A good drawing lesson should be afforded.

2. If of a constructional nature, the joints must be scien-
tifically made.

3. The proportions of the model, and of the parts of the
whole, should be harmonious ; and if it is of an artistic nature,
the design should be graceful but not over elaborated.

4. The introduction of various coloured woods is highly
recommended.

The opportunity for colour design, which is a vital consider-
ation in art, is afforded by the jointing of different coloured
woods. The use of many varieties gives practice in working
wood of different textures and diverse peculiarities of many
kinds, and the full value of timber as a material for manual
training is thus obtained.

No instructor can err in varying the material used, as long
as he does so intelligently and tastefully.

Most of the better-known woods are recommended to be used
in the performance of exercises and models, but care should be
taken to only use the expensive hard woods in small quantities,
to obtain effective and harmonious colour design and yet gl\e
the 1equned practice in working them.

5. The model should be attractive, in order to secure that
earnestness in work which 1s so valuable.
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The introduction of tools has been gradual—at first only one
or two, and these to be well understood before any more are
added. When a new tool is introduced, care has been taken in
the arrangement of the course to enable the pupil to have
constant use of it in each succeeding exercise or model till he is
familiar with its characteristics, and then, and not till then, are
further additions made.

In the selection of the tools only such as are typical of hand
work have been introduced. Few tools, yet enough to give
variety, are recommended ; and the endeavour should be tolearn
as much as possible of the various uses of each tool, rather than
to attain a slighter acquaintance with a great number.

The moulding planes, the plough, and other tools which are
used chiefly by artisans are not included among those necessary
for the manual training room. The axe, adze, and draw-knife
have been omitted as being in the main unnecessary in this
country, and of a highly dangercus character for young and
frequently careless children.

Experience has shown that work in the elementary stages
should involve only simple straight lines and flat surfaces.
From these the exercises should gradually proceed to the
addition of geometrical and freehand curves on flat surfaces,
and the modelling of surfaces of a more or less complex nature.
A number of simple carpenter’s joints, and models showing their
application, have been introduced to the course, as fypical of
mechanical construetion.

The teacher of manual training must be a man with con-
siderable technical ability, and a good draughtsman invariably.
It will be found necessary on many occasions in the course of
demonstration to execute the whole, or nearly the whole, of a
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CHAPTER II
DRAWING

Tue importance of drawing in a system of manual training has
already been urged. The drawing used in connection with
manual training is, of course, sometimes mechanical and some-
times freehand, though in woodwork chiefly the former. All
drawings, however, should be made to a scale. The mechanical
drawing generally consists of plans, elevations, sections, and
isometrie projections of the models and exercises. The theory
of elementary projection must be thoroughly understood by the
teacher, who should also have a sufficient knowledge of plane
geometry.

Of course, anything like an exhaustive treatise on geometry
is impossible here, but, as in the case of some readers it may be
useful, enough of the theory of projection, and of the particular
plan of execution recommended, is given for the purpose of
manual training.

For the present course only two set-squares, a T-square,
scale, and a pair of dividers are required. Set-squares are flat,
triangular pieces of pear wood or vulcanite, and are used for
drawing lines at given angles to other lines. One of the angles
of a set-square is invariably 90°, and of a necessity the sum of
the other two angles is 90°. These angles vary indefinitely, but
the most common, and the only set-squares used in this course,
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preferable for the other edge to make a slightly greater angle,
the blade consequently tapering somewhat to the end.

The hole at the end of the blade is for hanging up the square
when not in use, and this should be always attended to, as,
besides saving risks, the hanging position helps to keep the
square true. T-squares should at no time be exposed to great
heat, damp, or much sunshine, which will all cause warping
and other defects.

The T-square is of great use in drawing a series of parallel
lines at right angles to the sides of the board, but care should be
taken fo always use the square with the stock on the left-hand
side of the board, and all lines should be drawn along the top
edge. It is to prevent the possibility of drawing from the
opposite edge that the taper blade is recommended. It has been
said that drawings should invariably be made to scale, and it
will be found that this form of drawing necessitates thought in
working, and will become a very valuable form of mental frain-
ing if well taught.

Not for this reason alone should scales be used to work from.
Frequently a draughtsman who may have to execute a draw-
ing of, say, a large piece of machinery will, by reducing all the
dimensions in the same ratio, make & drawing no larger than a
page of this book. To avoid a separate calculation in reducing
each part, the draughtsman decides what proportion his drawing
must bear to the original, and constructs a scale in which a small
arbitrarily fixed measurement shall always equal a given larger
dimension on the original copy. Thus, if the drawing is to be
3 inches long and the machinery to be drawn is 6 feet long, then
each 1 inch on his drawing will always equal 1 foot.

This is drawing to scale 4'5.
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The method of dividing the line which is recommended is the
usual workshop plan, and is quite as correct as, and much
readier than, any other.

Draw a straight line A 3 on any convenient part of the paper,
usually near the bottom, and from one end mark off 1 inch to
equal 1 foot.

From ® mark off 6 inches, 8 on A B=the sum of twelve
1 inches or 12 feet.

- From a and e draw lines ¢ p at any angles to the base line 4 B.

Along these lines mark off at any reasonable equal distances
the number of divisions required, 12 on 4 c and 6 on Ep. Join
FE, and with the set-square, in the manner already described,
. draw lines parallel to » & from

(A S S S . .
—— " each point on 4 F and cutting 4 B ;
*w now A & is divided into 12 equal
ro parts.
Joina B, and again draw from
“ o each point on E & parallel lines
Fra. 3.

into A B.

The line being divided, finish and number the scale as shown
in Fig. 8.

It will be noticed that the portion A E divided into 12 parts
is in a manner additional to the scale, which, without i, repre-
sents 6 feet.

The value of this extra scale of inches will soon be appre-
ciated in working from the scale, for if it should be necessary to
mark off, say, 2 ft. 9 ins. or 4 ft. 8 ins., one point of the dividers can
be at once placed on the unit of measurcinent required, and the
distance obtained by stretching the other point out beyond zero
to the number of inches required.
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Orthographic projection, or right line drawing, is the system
used for obtaining plans, clevations, and sections.

In all solid figures at least three dimensions exist—length,
breadth, and thickness ; and for the sake of clearness these are
shown separately in working drawings. The plan of any object
gives the space taken up horizontally by the dimensions which
are either parallel or inclined to the surface of the paper, but
gives no impression of their height or of their distance above
this horizontal plane.

If vertical parallel rays of light fall on any object the shadow,
visible or imagined, will be the plan.

Parallel horizontal rays of light would of course project the
elevation on a vertical surface, and on the assumption of the
existence of these rays of
light thie drawing of pro-
jeetions may be based.

If arectangular slab
of wood (fig. 4) 9 ins.
by 5 ins. by 3 ins. is
placed in the right angle
formed by the folding
up of a sheet of paper
along the line xy, both
the plan and the eleva-

tion can be drawn by
marking with a pencil Fie. 4.

along the edges of the

figure at the line of contact with the paper aa a a,a’ ' @’ o’ on the
horizontal and vertical planes respectively. The plan gives the
breadth and length of the wood, but does not show the thickness.
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The elevation shows the thickness, or height, and length only.
If the sheet is now smoothed out a complete working drawing is
given. The plan, it will be seen, is drawn on the horizontal por-
tion of the paper and the elevation on the vertical, but in actual
drawings the folding of the paper is assumed, and the intersection
of the vertical and horizontal portions is represented artificially
by a line, x Y.
It must not be imagined that only the part of the paper above
x Y is of necessity the vertical plane, and only that below is the
horizontal plane. Planes are unlimited even surfaces ¢ in which
any two points being taken
a straight line joining
them lies wholly in that
plane,” and the paper only
represents a limited por-
tion of these planes. The
surface of the paper is
made to represent any
plane, or any number of
planes, as required. If
planes are inclined to each
other they must, being
Tre. 5. unlimited, pass through
each other, and, where

they cut, make a line of intersection called a ‘trace’ The
horizontal and vertical, or co-ordinate, planes can be better
understood by making a model with two sheets of paper, as
shown in fig. 5.

Cut a notch in the sides of one piece and a slit in the other.
Pass the notched piece through the slit as far as it will go, and
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shows the method of finding the plan and elevation on the fold-
ing planes, which, when the vertical plane is turned down to the
horizontal, will give the drawing as in fig. 7.

It will then be seen that the folding planes are not really
requisite, and fig. 6 is only introduced to make the problem and
its solution clear. The distance
of a given point in front of the
vertical plane can then always be
measured below the xv, fig. 7, or
assumed trace of the co-ordinate
planes, and the height above or
the distance below the horizontal
plane, projected by a continuous
straight line passing through the

ba x v at right angles.
Fic. 7. Several other instances are
given in figs. 6, 7.

It must be remembered that the folding of the vertical plane
is downward in the portion above the xvy, and upward in the
portion below it.

As a consequence both plan and elevation are above the xv
when a given point is behind the vertical plane and above the
horizontal plane ; and conversely, if the point is below the hori-
zontal plane, and in front of the vertical plane, both plan and
elevation will be below the xv. When the point is below the
horizontal plane and behind the vertical plane, the plan is
above the x Y and the elevation below it.

Fig. 8 is a sketch showing the principle of projection in the
case of a block of wood, which is some distance in front of the
vertical plane, above the horizontal plane, and parallel to both.
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Now a B lies wholly in the new vertical plane, and if this
is folded down, the real length of the line will be seen on the
horizontal plane. Right projectors from ¢ and b will therefore
pass through the ends of the line

g3
avkju,l!ﬂﬁ'l”’—{\ } A B, and their distance from the
% /;b/ x?y2 can be obtained by reference
\ l to the heights in the elevation.
7 ' The length of the line can be
€ obtained in the same way from

the elevation by drawing a new
x*y? on a’' V. This is the vertical
trace of a new plane at right
angles to the vertical plane, and

containing A. B.
7?/ \aWb Draw right projectors showing
_—n the distance a4 B are in front of
’ the vertical plane, which are, of
course, shown in the plan. This will be equivalent to folding
the new plane into the vertical plane, and would give the real
length of the line.

A model may be made of cardboard or paper similar to fig. 11,
and will serve to bring this problem very clearly before the reader.

Sections.—To obtain the section of any figure is really a
form of change of ground line. A plane is imagined through
the object at any desired position, and in cutting through makes
the section.

Fig. 13 shows the elevation of a slab of wood having a
raised panel. Draw the traces of a plane cutting through this
object, as in the illustration. This plan may