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ADVERTISEMENT.

I isguing a new and enlarged edition of this abridg-
ment of Mintrie’s TELT-BoOK oF GEOMETRICAL DRAW-
ING, the publisher begs respectfully to eall public
attention to the very favorable notices elicited from
the press by former editions of the work, both in the
United States and Great Britain, especially from that
portion of it devoted to Fine Art, Architecture, Engi-
neering, and Mechanics ; in all of those pursuits, a
knowledge of drawing is indispensable to success, and
the conductors of the literature devoted to them may
be fairly considered as the most competent to decide
on the merits of a treatise on this subject. Some
extracts from those reviews will be found at the end
of the volume.

Many of the schools and colleges of the Union have
adopted the work as a Texr-Book. It has also been
adopted by the Commitiee on Art of the British
Government, and inserted in its catalogue of approved
books and studies recommended to the Government
and Parochial Schools throughout the kingdom.

The publisher feels that this indorsement of an
American book may be taken as good evidence of
its usefulness, and of its adaptation to the purpose
designed, which was to facilitate and extend a knowl-
edge of Geometrical Drawing by smoothing the road
to its acquirement, by the avoidance of complex
diagrams, and by explaining their construction and
technical terms in plain and simple language.

Unfortunately for us as a manufacturing people,
drawing has not been recognized in our schemes of




13 ADVERTISEMENT,

education with a tithe of the importance it deserves;
in fact, in a very large proportion "of our published
plans of instfuction, it "is ‘not inserted at all, and in
many of those in which it is named and professed to
be tanght, it is as an outside accomplishment at extra
charge.

This apathy still continues, while, for many years
past, great exertions have been made by the Govern-
ments of Europe, especially by those of France and

Eungland, to improve their manufactures by fostering
their schools of design, and by endeavors to iustill a

general knowledge of drawing among the‘people by
making it a prominent and regular branch of instruc-
tion in the schools.

Improvement in the Art of Design not only im-
proves existing manufactures, but has also a constant
tendency to develop new branches of art, to furnish
much additional employment to the community, and
thus add to the general prosperity.

Next to the press, TEACHERS have the greatest
influence in directing the attention of parents and
guardians to this matter, and to them we would
appeal for aid to promulgate a great and lasting good.
In the schemes of education, let drawing stand in the
same rank with the three other fundamentals, reading,
writing, and arithmetic (for it is inferior in useful-
ness to no other branch); make it a-part of the regular
course of education, and we should soon see it grow
into favor and occupy the position to which it is
entitled, and which it has long maintained in the
schools of Europe.




PREFACE
To the Bctaveo Boitiomn.

Havixe been for several years engaged in teaching Architec-
tural and Mechanical Drawing, Both 1n the High School of Bal-
tumore and to private classes, I have endeavored without success,
to procure a book that I could mtroduce as a text book; works
on Geometry generally contam too much theory for the purpose,
with an msufficient amount of practical problems; and books on
Architecture and Machinery are mostly too voluminous and cost-
ly, containing much that 1s entirely unnecessary for the purpose.
Under these circumstances, I collected most of the useful pract-
cal problems in geometry from a vanety of sources, simphfied
them and drew them on cards for the use of the classes, arrang-
mg them from the most easy to the more difficult, thus leading
the students gradually forward; this was followed by the draw-
ing of plans, sections, elevations and details of Buildings and
Machinery, then followed Isometrical Drawing, and the course
was closed by the study of Linear Perspecuve and Shadows; the
whole being illustrated by a seres of short lectures to the pnivate
classes.

I have been so well pleased with the results of this method of
mstruction, that T have endeavored to adopt 1ts general features
mn the arrangement of the following work. The problems in
constructive geometry have been selected with a view to their
practical application 1n the every-day business of the Engineer,
Architect and Artizan, while at the same ume they afford a good
senes of lessons to facilitate the knowledge and use of the instru
ments required 1n mechanical drawing.

The definittons and explanations have been given m as plam
and simple language as the subject will admmt of; many persons
will no doubt think them too simple. Had the book been mtend-
ed for the use of persons versed i geometry, very many of the
explanations might have been dispensed with, hut 1t 1s 1ntended
chiefly to be used as a first book in geomelrical drawwng, by per-
sons who have not had the benefit of a mathematical education,
and who 1n a majority of cases, have not the time or inclination

l"l
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to study any complex matter, or what is the same thing, that
which may appear so to them. And if used 1n schools, 1ts de-
tatled explanauons, we believe, will save time to the teacher, by
permutting the scholar to obtain for himself much mnformation
that he would otlferwise require to have explamed to him.

But 1t 13 also 1ntended to be used for self-instruction, without
the aid of a teacher, to whom the student might refer for expla-
nation of any difficulty ; under these circumstances I do not be-
lieve an explanation can be couched mn too sunple language
With a view of adapung the book to this class of students, the
llustrations of each branch treated of, have been made progres-
sive, commencing with the plainest diagrams; and even m the
more advanced, the object has been to mstil prineiples rather thun
to produce effect, as those once obtained, the student can etther
design for himself or copy from any subject at hand. Itis hoped
that this arrangement will induce many to study drawing who
would not otherwise have attempted 1t, and thereby render them-
selves much more capable of conducting any business, for 1t has
been truly said by an emmnent writer on Architecture, * that one
workman 1s superior to another (other circumstances bemng the
same) directly m proportion to his knowledge of drawing, and
those who are 1gnorant of 1t must m many respects be subser-
vient to others who have obtaned that knowledge.””

The size of the work has imperceptibly increased far beyond
my ongnal design, which was to get 1t up m a cheap form with
ilustrations on wood, and to contamn about two-thirds of the
number 1n the present volume, but on examining some speci-
mens of mathematical diagrams executed on wood, I was dix-
satisfied with their want of neatness, particularly as but few stu-
dents aim to excel their copy. On determining to use steel illus-
trations, I deemed it advisable to extend its scope, until 1t has at-
tamned 1ts present bulk, and even now I feel more disposed 0
mecrease than to curtail it, as 1t contains but few examples erther
in Architecture or Machinery. I trust, however, that the objec-
tor to its size will find 1t to contain but little that 1s ahsolutely
useless to a student.

In conclusion, I must warn my readers agamst an 1dea that 1
am sorry to find too prevalent, viz: that drawing requires but
Intle ume or study for its attainment, that 1t may be imbibed in-
voluntanly as one would fragrance tn a flower garden, with httle
or no exertion on the part of the recipient, not that the 1dea is
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expressed 1n so many words, but 1t 1s frequently manifested by
their dissatsfaction at not being able to make a drawing n a few
lessons as well as their teacher, even before they have had suffi-
cient practice to have obtamned a free use of the mstruments. 1
have known many give up the study 1n consequence, who at
the same tune if they should be apprenticed to a carpenter, would
be satisfied 1f they could use the jack plane wuh facility after
several weeks practice, or be able 1o make a sash at the end of
some years.

Now this 1ea 1s fallacious, and caleulated to do much injury ,
proficiency 1n no art can be obtained without attentive study and
mdustrious perseverance. Drawing is certanly not an excep-
tion ; but the difficulues will soon vanish if you commence with
a determination to succeed ; let your motto be PERSEVERE, never
say “1t 15 too difficult,” you will not find it so difficult as you
imagine if you will only give it proper attention; and if my
labors have helped to smooth those difficulties it will be to me a
source of much graufication.

‘WM. MINIFIE.

Bartivors,
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PRACTICAL GEOMETRY.

PLATE I.
DEFINITIONS OF LINES AND ANGLES.

1. A Point is said to have position without magni-
tude; and it is therefore generally represented to the
eye by a small dot, as at /.

2. A Liye is considered as length without breadth or
thickness, it is in fact a succession of points; its ex-
tremities therefore, are points. Lines are of three
kinds; right lines, curved lines, and mizxed lines.

3. A Rieur Ling, or as it is more commonly called,
a straight line, is the shortest that can be drawn between
two given points as B,

4. A Curve or CurveEDp LinE i5 that which does not
lie evenly between its terminating points, and of
which no portion, however small, is straight; it is
therefore longer than a straight line connecting the
same points. Curved lines are either regular or irre-
gular.

5. A Recyrar Curvep LiNg, as () is a portion of
the circumference of a circle, the degree of curvature
being the same throughout its entire length. An ir-
regular curved line has not the same degree of curva-
ture throughout, but varies at dufferent points,

6. A Wavep Ling may be either regular or irregu-
lar; it is composed of curves bent in contrary directions.
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E is a regular waved line, the inflections on either
side of the dotted line being- equal; a waved line is
also called a line of double curvature of contrary flex-
ure, and a serpentine line.

7: Mixep Lings are composed of straight and curv-
ed lines, as D.

8. ParaLLEL LiNgs are those which have no incli-
nation to each other, as F, being every where equidis-
tant; consequently they could never meet, though pro-
duced to infinity.

If the parallel lines G were produced, they would
form two concentric circles, viz: circles which have a
common centre, whose boundaries are every where par-
allel and equidistant.

9. IncrLinep Lines, as H and I, if produced, would
meet in a point as at K, forming an angle of which
the point K is called the vertex or angular point, and
the lines H and I the legs or sides of the angle K;
the point of meeting is also called the summit of an
angle.

10. PerrexpicuLAr Lines.—Lines are perpendic-
ular to each other when the angles on either side of
the point of junction are equal ; thus the lines V. 0. P
are perpendicular to the line L. M. Thelines V. 0. P
are called also vertical lines and plumb lines, because
they are parallel with any line to which a plummet is
suspended ; the line L. M is a horizontal or level line;
lines so called are always perpendicular to a plumb line.

11. Verticat and Horizontar LiNes are always
perpendicular to each other, but perpendicular lines are
not always vertical and horizontal ; they may be at any
inclination to the horizon provided that the angles on
either side of the point of intersection are equal, as for
example the lines X. Y and Z.

12. AxeLEs,—Two right lines drawn from the same
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point, diverging from each other, form an angle, as the
lmes S. Q. R. An angle is commonly designated by
three letters, and the letter designating the point of di-
vergence, which in this case is Q, is always placed in
the middle. Angles are either acufe, right or obtuse.
If the legs of an angle are perpendicular to each other,
they form a right angle as 7. Q. R, (mechanics’
squares, if true, are always right angled ;) if the sides
are nearer together, as §. Q. R, they form an acute
angle; if the sides are wider apart, or diverge from
each other more than a right angle, they form un obtuse
angle, as V. Q. R.

The magnitude of an angle does not depend on the
length of the sides, but upon their divergence from each
other; an angle is said to be greater or less than an-
other as the divergence is greater or less; thus the ob-
tuse angle V. Q. R is greater, and the acute angle S.
Q. R is less than the right angle 7. Q. R.

PLATE II.
PLANE RECTILINEAR SUPERFICIES.

13. A SuPERFICIES or SURFACE is considered as an
extension of length and breadth without thickness.

14. A PranE SupeRFICIES is an enclosed flat sur-
face that will coincide in every place with a straight
line. It is a succession of straight Jines, or to be more
explicit, 1f a perfectly straight edged ruler be placed on
a plane superficies in any directidn, it would touch it
in every part of its entire length.

15. When surfaces are bounded by right lines, they

2
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are said to be RectiLingar or REcTiLINEAL.  Asall
the figures on plate second agree with the above defi-
nitions, they are PLANE RECTILINEAR SUPERFICIES.

16. Figures bounded by more than four right lines
are called Porycons; the boundary of a polygon is
called 1ts PERIMETER. .

17. When Surraces are bounded by three right
lines, they are called TrianGLEs or Tricoxs.

18. An EquiLaTERAL TrI1aNGLE has all its sides of
equal length, and all its angles equal, as .A.

19. An IsosceLEs TrianeLE has two of its sides
and two of its angles equal, as B.

20. A Scarene Triangre has all its sides and
angles unequal, as C.

21. An Acute ANcLED TRIANGLE has all its angles
acute, as A and B.

22. A Rieur AnNGLED TRIANGLE has one right
angle; the side opposite the right angle is called the
hypothenuse ; the other sides are called respectively the
base and perpendicular. The figures 4. B. C, are
each divided into two right angled triangles by the
dotted lines running across them.

23. An Ostuse ANGLED TRi1aNGLE has one obtuse
angle, as C.

24, If figures A and B were cut out and folded on
the dotted line in the centre of each, the opposite sides
would exactly coincide; they are therefore, regular
triangles.

25. Any of the sides of an equilatera] or scalene tri-
angle may be called its Bask, but in the Isosceles tri-
angle the side which is unequal is so called, the angle
opposite the base is called the VErTEX.

26. The ArriTupE of a Triangle is the length of a
perpendicular let fall from its vertex to its base, as a.

A. and b. B, or to its base extended, as d. d, figure C.
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The superficial contents of a Triangle may be obtain-
ed by multiplying the altitude by one half the base.

27. When surfaces are bounded by four right lines,
they are called QUaDRILATERALS, QUADRANGLES oOr
TeTracons; either of the figures D. E. F. G. H and
K may be called by either of those terms, which are
common to all four-sided right hined figures, although
each has its own proper name.

28. When a Quadrilateral has its opposite sides par-
allel to each other, it is called 2 PARALLELOGRAM ;
therefore figures D. E. F and G are parallelograms.

29. When all the angles of a Tetragon are nght an-
gles, the figure is called a RecranciLe, as figures D
and E.

If two opposite angles of a Tetragon are right angles,
the others are necessarily right too.

30. If the sides of a Rectangle are all of equal
length, the figure is called a SQuARE, as figure D.

31. If the sides of a Rectangle are not all of equal
length, two of its sides being longer than the others, as
figure E, it is called an OsrLone.

32. When the sides of a parallelogram are all equal,
and the angles not right angles, two being acute and
the others obtuse, as figure F, it is called a Ruoums, or
RuoMBUs ; 1t is also called a DiamonD, and sometimes
a LozeNeGE, more particularly so when the figure is
used 1 heraldry.

33. When the sides of a parallelogram are not all
equal, and the angles not right angles, but whose oppo-
site sides are equal, as figure G, it is called a Ruom-
BOID.

34. If two of the sides of a Quadrilateral are parallel
to each other as the sides H and O in fig. I, it is call-
ed a Traprzoin.

35. All other Quadrangles are called TrareziuMms,
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the term being applied to all Tetragons that have no
two sides parallel, as K.

Nore —The terms Trapezow and Trapezivm are applied
mdiserininately by some writers to either of the figures H and K;
by others, fig. His called a Trapezium and fig K a Thapezoid,
and this appears to be the more correct method; but as Trapezod
1s a word of comparatively modern onigin, I have useditasitis
most generally applied by modern writers, more particularly so
1n works on Architecture and Mechanies.

36. A DisconNAaL is a line running across a Quad-
rangle, connecting its opposite corners, as the dotted
lines n figs. D and F.

Nore.—I have often seen persons much confused, in conse-
quence of the number of names given to the same figure, as for
example, fig. D

1st. It1s a plane Figure—see paragraph 14.

2nd. It s Rectilineal, bemng composed of night hines.

3rd. Itis a Quadriluteral, being bounded by four lines,

4th. 1t 15 a Quadrangle, having four angles.

5th. Itis a Tetragon, having four sides.

6th. It 1s a Parallelogrant, 1ts opposite sides being parallel,

7th. Itis a Rectangle, all 1ts angles being nght angles.

All the above may be called common names, because they are
applied to all figures having the same properties.

8th. It is a Square, which s 1ts proper name, distinguishing it
from all other figures, to which some or all of the above terms
may be applied.

All of them except 7 and 8, may also be appled to fig. F, with
the same propriety as to fig. D; besides these, fig. F' has four
proper names disunguishing 1t from all other figures, viz: a
Rhomb, Rhombus, Damond and Lozenge.

If the student will analyze all the other figures in the same
manner, he will soon become perfectly famihar with them, and
each term will convey to his mind a clear definite 1dea.
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PLATE III.
DEFINITIONS OF THE CIRCLE.

1. A CircLE is a plane figure bounded by one
curve line, every where equidistant from its centre, as
fig. 1.

2. The boundary line is called the CircumrEenr-
ENCE or PERIPHERY, it is also for convenience called a
Circle.

3. The CentrE of a circle is a point within the
circumference, equally distant from every point in it, as
C, fig. 1.

4. The Rap1us of a circle is a line drawn from the
centre to any point in the circumference, as C. A, C. B
or C. D, fig. 1. The plural of Radius is Rapm. All
radii of the same circle are of equal length.

5. The Diamerer of a circle is any right line
drawn through the centre to opposite points of the cir-
cumference, as 4. B, fig. 1. The length of the di-
ameter is equal to two radii; there may be an infinite
number of diameters in the same circle, but they are all
equal.

6. A SemrcircLE is the half of a circle, as fig. 2;
it is bounded by half the circumference and by a di-
ameter.

7. A SecemenT of a circle is any part of the surface
cut off by a right line, as in fig. 3. Segments may be
therefore greater or less than a semicircle.

8. An Arc of a circle is any portion of the circum-
ference cut off, as C. G. D or E. G. F, fig. 3.

L,

2‘
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9. A CHorp is a right line joining the extremities
of an arc, as C. D and E. F, fig. 3. The diameter is
the chord of a semicircle. The chord is also called
the SuBTENSE.

10. A Skector of a circle is a space contained be-
tween two radii and-the arc which they intercept, as E.
C. D, or O. C. H, fig. 4.

11. A QuapranT is a sector whose area is equal
to one-fourth of the circle, as fig. 5; the arc D. E be-
ing equal to one-fourth of the whole circumference, and
the radii at right angles to each other.

12. A Dreree.—The circumference of a circle is
constdered as divided into 360 equal parts ealled De-
GREES, (marked®) each degree is divided into 60
minutes (marked’) and each minute into 60 seconds
(marked ”); thus if the circle be large or small, the
number of divisions is always the same, a degree being
equal to 1-360th part of the whole circumference, the
semicircle equal to 180°, and the quadrant equal to
90°. The radn drawn from the centre of a circle to

* the extremities of a quadrant are always at right angles

to each other; a right angle is therefore called an angle
of 90°.- If we bisect a right angle by a right line, it
would divide the arc of the quadrant alsp into two
equal parts, each part equal to one-eighth of the whole
circumference containing 45° ; if the right angle were
divided into three equal parts by straight lines, it would
divide the arc into three equal parts, each containing
30°.  Thus the degrees of the circle are nused to mea-
sure angles, and when we speak of an angle of any
number of degrees, it is understood, that if e circle
wit any length of radius, be struck with one_foot of the
dividers in the angular point, the sides of the angle will
intercept a portion of the circle equal to the number of
degrees given.
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Note —This division of the cirele is purely arbitrary, but 1t
has existed from the most ancient times and every where, Dur-
g the revolutionary period of 1789 in France, it was proposed
to adopt a decimal division, by which the circumference was
reckoned at 400 grades, but this method was never extensively
adopted d@nd 1s now virtually abandoned.

13. The CompLEMENT of an JArc or of an Angle is
the difference between that arc or angle and a quad-
rant; thus E. D fig. 6 is the complement of the arc D.
B, and E. C. D the complement of the angle D. C. B.

14. The SvuepLEMENT of an Jrc or of an .Angle 1s
the difference between that arc or angle and a semicir-
cle; thus D. A fig. 7, is the supplement of the arc D.
B, and D. C. A the supplement of the angle B. C. D.

15. A TaNgEeNT is a right line, drawn without a cir-
cle touching it only at one point as B. E fig. 8; the
point where it touches the circle is called the point of
contact, or the tangent point.

16. A Secant is a right line drawn from the centre
of a circle cutting 1ts circumference and prolonged to
meet a tangent as C. E fig. 8.

Note —Secant Powvr 1s the same as point of intersection,
bemng the pomt where two lines cross or cut each other.

17. The Co-TancENT of an arc is the tangent of the
complement of that arc, as H. X fig. 8.

Note —The shaded parts in these diagrams are the given angles,
but if n fig. 8, D C. H be the given angle and D H the given
are, then H. K. would be the tangent and B. E the co-tangent.

18. The SwvE of an arc is a line drawn from one
exiremity, perpendicular to a radius drawn to the other
extremity of the arc as D. F fig. 9.

19. The Co-siwe of an arc is the sine of the comple-
ment of that arc as L. D fig. 10.

20. The VErsED SINE of an arc is that part of the
radius intercepted between the sine and the circumfer-
ence as F. B fig. 9.
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21. In figure 11, we have the whole of the foregoing
definitions illustrated in one diagram. C. H—C. D—
C. Band C. A are Radii; A. B the Diameter; B, C. D
a Sector ; B. C. H a Quadrant. Let B. C. D be the
given JAngle, and B. D the given Jrc, then B. D. is
the Chord, D. H the Complement, and D. A the Sup-
plement of the arc; D. C. H. the Complement and D.
C. A the Supplement of the given angle; B. E the
Tangent and H. K the Co-tangent, C. E the Secant
and C. K the Co-secant, F. D the Sine, L. D the Co-
sine and F. B the Versed Sine.

PLATE 1V,
TO ERECT OR LET FALL A PERPENDICULAR.

ProsrLEm 1. Fieure 1.

To bisect the right line A. B by a perpendicular.

1st. With any radius greater than one half of the
given line, and with one point of the dividers in A and
B successively, draw two arcs intersecfing each other,
in Cand D.

2nd. Through the points of intersection draw C. D,
whieh is the perpendicular required.

ProsrEm 2. Fic. 2.

From the point D in the line E. F to erect a perpen-
dicular.

1st. With one foot of the dividers placed in the given
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PLATE 1V. 21

point D with any radius less than one half of the line,
describe an are, cutting the given line in B and C.
2nd. From the points B and €' with any radius
greater than B. D, describe two arcs, cutting each
other in G.
3rd. From the point of intersection draw G. D,
which is the perpendicular required.

ProsrLEM 3. Fie. 3.

To erect a perpendicular when the point D is at or near
the end of a line.

1st. With one foot of the dividers in the given point
D, with any radius,as D. E,draw an indefinite arc G. H.

2nd. With the same radius and the dividers in any
point of the are, as E, draw the arc B. D. F, cutting
the line C. D in B.

3rd. From the point B through E draw a right line,
cutting the arc in F.

4th. From F draw F. D, which is the perpendicular
required.

Nore.—It will be perceived that the arc B. D. F is a semicir-
cle, and the right hne B. F a diameter; if from the extremiues
of a semicircle right lines be drawn to any pomtin the curve, the
angle formed by them will be a right angle. This affords a ready
method for forming a “* square corner,” and will be found useful
ON Many occasions, as Its accuracy may be depended on.

ProsLem 4. Fic. 4.

Another method of erecting a perpendicular when at or
near the end of the line.

Continue the line H. D toward C, and proceed as in
problem 2 ; the letters of reference are the same.
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ProsrEm 5. Fie. 5.

From the point D to let full a perpendicular to the line
A.B.

1st. With any radius greater than D. G and one foot
of the compasses in D, describe an arc cutting A. B in
E and F.

2nd. From E and F with any radius greater than E.
G, describe two arcs cutting each other as in C.

3rd. From D draw the right line D. C, then D. G is
the perpendicular required.

ProBrLEM 6. Fie. 6.

When the point D is nearly opposite the end of the line.

1st. From the given point D, draw a right line to
any point of the line /4. B as O.

2nd. Bisect 0. D by problem 1, in E.

3rd. With one foot of the compasses in E with ara-
dius equal to E. D or E. O describe an arc cutting A.
Bin F.

4th. Draw D. F, which is the perpendicular required.

Note.—The reader will .perceive that we have arrived at the
same result as we did by problem 3, but.by a different process,
the nght angle:being formed within a semicircle.

ProsrLem 7. Fie. 7.

Another method of letting foll a perpendicular when the
given point D is nearly opposite the-end of the line.

1st. With any radius-as F. D and one foot of the
compasses in the line 4. B as at F, draw an arc D.
H. C.
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2nd. With any other radius as E. D draw another
arc D. K. C, cutting the first arc in € and D.

3rd. From D draw D. C, then D. G is the perpen-
dicular required.

Note.—The pownts E and F from which the ares are drawn,
should be as far apart as the hne 4. B will admut of, as the exact
points of mtersection can be more easily found, for 1t 1s evident,

‘that the nearer two lines cross each other at a nght angle, the
finer will be the point of contact.

Prosrem 8. Fie. 8.

Toerect a perpendicular at D the end of the line C. D,
with a scale of equal parts.

1st. From any scale of equal parts take three in your
dwviders, and with one foot in D, cut the line C. D in B.

2nd. From the same scale take four parts in your
dividers, and with one foot in D draw an indefinite arc
toward E.

3rd. With a radius equal to five of the same parts,
and one foot of the dividers in B, cut the other arc in E.

4th. From E draw E. D, which is the perpendicular
required.

Nore Ist.’If four parts wete first taken in the dividers and lawd
off on the line C. D, then three parts should be used for striking
the indefinite arc, at 4, and the five parts struck from the point
C, which would give the intersection A, and arnve at the same
result.

2nd. On referring to the definitions of angles, it will be found
that the side of a nght angled triangle opposite the right angle 1s
called the Hypothenuse; thus the hne E. B1s the hypothenuse
of the tnangle E. D. B.

3rd. The square of the hypothenuse of a night angled triangle
15 equal to the sum of the squares of both the other sides.

4th. The square of a number is the product of that number
multiplied by iself.
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Ezample —The length of the side D. E 1s 4, which muluphed
by 4, will give for s square 16. The length of D. B 1s 3, which
multiphed by 3, gives for the square 9. The products of the two
sides added together give 25. The length of the hypothenuse 13
5, which muluplied by 5, gives also 25.

5th. The results will always be the same, but if fractional parts
are used 1 the measures, the proof is not so obvious, as the mul-
uplication would be more complicated.

6th. 3, 4 and 5 are the least whole numbers that can be used
m laying down this diagram, but any multiple of these numbers
may be used; thus, if we multuply them by 2, it would give 6, 8
and 10; if by 3, 1t would give 9, 12 and 15; 1f by 4—12, 16 and
20, and so on. The greater the distances employed, other things
being equal, the greater will be the probable accuracy of the result.

7th. We have used a scale of equal parts without designating
the umit of measurement, which may be an ch, foot, yard, or
any other measure.

8th. As this problem is frequently used by practical men in
laying off work, we will give an illustration.

Example.—Suppose the hne C. D to be the front of a house,
and 1t 13 desired to lay ofl’ the side at nght angles to it from the
corner .

1st. Dnive in a small stake at D, put the ring of a tape mea-
sure on it and lay off twelve feet toward B.

2nd. With a distance of sixteen feet, the ring remaining at D,
trace a short circle on the ground at E.

3rd. Remove the ring to B, and with a distance of twenty feet
cut the first circle at E.

4th. Stretch a line from D to E, which will give the required
side of the building.
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PLATE V.
CONSTRUCTION AND DIVISION OF ANGLES.

ProsrLEM 9. Fie. 1.

The length of the sides of a Triangle A. B., C. D. and
E. F being given, to construct the Triangle, the two
longest sides to be joined together at A.

1st. With the length of the line C. D for a radius
and one foot in A, draw an arc at G.

2nd. With the length of the line E. F for a radius
and one foot in B, draw an arc cutting the other arc
at G.

3rd. From the point of intersection draw G. .4 and
G. B, which complete the figure.

ProsrLem 10. Fie. 2.
To construct an Jngle at K equal to the Angle H.

1st. From H with any radius, draw an arc cutting
the sides of the angle as at M. JV.

2nd. From K with the same radius, describe an in-
definite arc at O.

3rd. Draw K. O parallel to H. M.

4th. Take the distance from M to V" and apply it
from O to P.

5th. Through P draw K. P, which completes the fi-

gure,
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Prosrem 11. Fie. 3.

To Bisect the gwen Angle Q by @ Right Line.

1st. With any radius and one foot of the dividers in
Q draw an arc cutting the sides of the angle as in R
and S.

2nd. With the same or any other radius, greater than
one-half R. §, from the points § and R, describe two
arcs cutting each other, as at T.

3rd. Draw T. Q, which divides the angle equally.

Notr.—This problem may be very usefully applied by workmen
on many occasions. Suppose, for example, the corner @ be the
corner of a rcom, and a washboard or cornice has to be fitted
around it; first, apply the hevel to the angle and lay it down on
a piece of board, bisect the angle as above, then set the bevel to
the centre hine, and you have the exact angle for cutung the mutre.
This rule will apply equally to the internal or external angle.
Most good practical workmen have several means for getting the
cut of the mitre, and to them this demonstration will appear un-
necessary, but I have seen many men make sad blunders, for
want of knowing this simple rule.

ProsrLEM 12. Fie. 4.

To Trisect a Right Angle.

1st. From the angular point ¥ with any radius, de-
scribe an arc cutting the sides of the angle, as in X
and W.

9nd. With the same radius from the points X and
W, cut the arc in Y and Z.

3rd. Draw Y. V and Z. V, which will divide the

angle as required.
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ProerLEmM 13. Fie. b.

To inscribe in the triangle A. B. C, a Circle touching all
s sides.

1st. Bisect two of the angles by problem 11, as .A
and B, the dividing lines will cut each other in D, then
D is the centre of the circle.

2nd. From D let fall a perpendicular to either of the
sides as at F, then D. F is the radius, with which to
describe the circle from the point D.

ProsrLEm 14. Fie. 6.

On the given line A. B to construct an Equilateral
Triangle, the line A. B to be one of ifs sides.

1st. With a radius equal to the given line from the
points .4 and B, describe two arcs intersecting each
other in C.

2nd. From C, draw C. A and C. B, to complete the
figure.

PLATE VI.
CONSTRUCTION OF POLYGONS.

A figure of 3 sides s called a Trigon.

¢ 4 « “ Tetragon.,
polygon 5 « “  Pentagon,
« 6 « “ Hexagon.
¢« 7T« « Heptagon.
“ 8 « “ Octagon.
« 9 « “  Enneagon or Nonagon.
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A polygon of 10 sides is called a Decagon.
«« 11« € Undecagon.
“« 12« « Dodecagon.
1st. When the sides of a polygon are all of equal
length and all the angles are equal, it is called a regu-
lar polygon; if unequal, it is called an irregular polygon.
2nd. It is not necessary to say a regular Hexagon,
regnlar Octagon, &c.; as when either of those figures
is named, it is always supposed to be regular, unless
otherwise stated.

Prosrem 15. Fie. 1.

On a given line A. B to construcf o square whose side
shall be equal to the given line.

1st. With the length A. B for a radius from the
points 4 and B, describe two arcs cutting each other
in C.

2nd. Bisect the arc C. A or C. Bin D.

3rd. From C, with a radius equal to C. D, cut the
arc B. E in E and the arc 4. Fin F.

4th. Draw A. E, E. F and F. B, which complete
the square.

ProBLEM 16. Fie. 2.

In the given square G. H. K. J, to inscribe an Octagon.

1st. Draw the diagonals G. K and H. J, intersecting
each other in P.

2nd. With a radius equal to half the diagonal from
the corners G. H. K and J, draw arcs cutting the sides
of the square in 0. 0. O, &c.

3rd. Draw the right lines O. 0., 0. 0, &c., and
they will complete the octagon.
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This mode is used by workmen when they desire to
make a piece of wood round for a roller, or any other
purpose; it is first made square, and the diagonals
drawn across the end ; the distance of one half the di-
agonal is then set off, as from G to R in the diagram,
and a guage set from H to R which run on all the cor-
ners, gives the lines for reducing the square to an octa-
gon ; the corners are again taken off, and finally finish-
ed with a tool appropriate to the purpose. The centre
of each face of the octagon gives a line in the circum-
ference of the circle, running the whole length of the
piece; and as there are eight of those lines equidistant
from each other, the further steps in the process are
rendered very simple.

Prosrem 17. Fie. 3.

In a given circle to inscribe an Equilateral Triangle, a
Hexagon and Dodecagon.

1st. For the TriaxGLE, with the radius of the given
circle from any point in the circumference, as at .4, de-
scribe an arc cutting the circle in B and C.

2nd. Draw the right line B. C, and with a radius
equal B. C, from the points Band C, cut the circle
in D.

3rd. Draw D. B and D. C, which complete the tri-
angle.

4th. For the HExAcon, take the radius of the given
circle and carry it round on the circumference six times,
it will give the points.A. B. E. D. F. C, through them,
draw the sides of the hexagon. The radius of a circle
is always equal to the side of an hexagon inscribed
therein.

3’
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5th. For the Dopecacon, bisect the arcs between
the points found for the hexagon, which will give the
points for inscribing the dodecagon.

ProsrLEM 18. Fie. 4.

In a given Circle to inscribe a Square and an Octagon.

1st. Draw a diameter .4. B, and bisect it with a per-
pendicular by problem 1, giving the points C. D.

2nd. From the points A. C. B. D, draw the right
lines forming the sides of the square required.

3rd. For the Ocracon, bisect the sides of the square
and draw perpendiculars to the circle, or bisect the ares
between the points A. C. B. D, which will give the
other angular points of the required octagon.

Proprem 19. Fie. 5.

On the given line O. P to construct a Pentagon, O. P
being the length of the side.

1st. With the length of the line O. P from O, de-
scribe the semicircle P. Q, meeting the line P. O, ex-
tended in Q.

2nd. Divide the semicircle into five equal parts and
from O draw lines through the divisions 1, 2 and 3.

3rd. With the length of the given side from P, cut
O1in S, from Scut 02, in R, and from Q cut O 2
in R; connect the points O. Q. R. S. P by right lines,
and the pentagon will be complete.
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ProsrLem 20. Fie. 6.

On the given line A. B to construct a Heptagon, A. B
being the length of the side.

1st. From A with A. B for a radius, draw the semi-
circle B. H.

2d. Divide the semicircle into seven equal parts, and
from 4 through 1, 2, 3, 4 and 5, draw indefinite hines.

3rd. From B cut the line .2 1 in C, from C cut .2 2
in D, from G cut A4 in F, and from Fcut. A 3in E,
connect the points by right lines to complete the figure.

Any polygon may be constructed by this method.
The rule is, to divide the semicircle into as many equal
parts as there are sides in the required polygon, draw
lines through all the divisions except two, and proceed
as above.

Considerable care is required to draw these figures
accurately, on account of the difficulty of finding the
exact points of intersection. They should be practised
on a much larger scale.

PLATE VII.

ProerEm 21. Fig. 1.

To find the Centre of a Circle.

1st. Draw any chord, as .4. B, and bisect it by a
perpendicular E. D, which is a diameter of the circle.
2nd. Bisect the perpendicular E. D by problem 1,
the point of intersection at C is the centre of the circle,
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Ficure 2.

Another method of finding the Centre of a Circle.

1st. Join any three points in the circumference as
F. G. H.

2nd. Bisect the chords F. G and G. H by perpen-
diculars, their point of intersection at C is the centre
required.

ProeLEM 22. Fie. 3.

To draw a Circle through any three poinls nof in a
straight line, as M. N. O.

1st. Connect the points by straight lines, which will
be chords to the required circle.

2nd. Bisect the chords by perpendiculars, their point
of intersection at C is the centre of the required circle.

3rd. With one foot of the dividers at C, and a radius
equal to C. M, C. JV, or C. O, describe the circle.

ProrrLEM 23. Fie. 4.

To find the Centre for describing the Segment of a
Circle.

1st. Let P. R be the chord of the segment, and P.
S the rise.

2nd. Draw the chords P. Q and Q. R, and bisect
them by perpendiculars ; the point of intersection at C
is the centre for describing the segment,
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ProBrEM 24. Fic. 5.

To find a Right Line nearly equal to an Arc of a
Circle, as H. 1. K.

1st. Draw the chord H. K, and extend it indefinitely
toward O.

2nd. Bisect the segment in I, and draw the chords
H. Iand I K.

3rd. With one foot of the dividers in H, and a radius
equal to H. I, cut H. O in JM, then with the same ra-
dius, and one foot in M, cut H. O again in JV.

4th. Divide the difference K. JV into three equal
parts, and extend one of them toward O, then will the
right line H. O be nearly equal to the curved line
H. L K.

ProsrLem 25. Fie. 6.

To find a Right Line nearly equal fo the Semicircum-
Jerence A, F. B.

1st. Draw the diameter .A. B, and bisect it by the
perpendicular F. H; extend F. H indefinitely toward G.

2nd. Divide the radius C. H into four equal parts,
and extend three of those parts to G.

3rd. At F draw an indefinite right line D, E.

4th. From G through J, the end of the diameter 4.
B, draw G. A. D, cutting theline D. E in D, and from
G through B draw G. B. E, cutting D. E in E, then
will the line D. E be nearly equal to the semicircum-
ference of the circle, and the triangles D. G. E and A.
G. B will be equilateral.

Nore.-—The night lines found by problems 24 and 25, are not
mathematically equal to the respective curves, but are sufficiently
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correct for all practical purposes. Workmen are in the habit of
using the following method for finding the length of a curved
line:—

They open their compasses to a small distance, and commene-
ing at one end, step off the whole curve, noting the number of
steps required, and the remainder less than a step, if any; they
then step off the same number of times, with the same distance,
on the article to be bent around 1it, and add the remainder, which
gives them a length sufficiently true for their purpose: the error
m this method amounts to the sum of the differences between the
arc cut off by each step, and its chord.

PLATE VIII.
PARALLEL RULER AND APPLICATION.

Ficure 1.

The parallel ruler figured in the plate, consists of
two bars of wood or metal A. Band C. D, of equal
length, breadth and thickness, connected together by
two arms of equal length placed diagonally across the
bars, both at the same angle, and moving freely on the
rivets which connect them to the bars; if the bar.4. B
be kept firmly in any position and the bar C. D moved,
the ends of the arms connected to C. D will describe
arcs of circles and recede from /1. B until the arms are
at right angles to the bars, as shewn by the dotted
hnes; if moved farther round, the bars will again ap-
proach each other on the other side.

The-bars of which the ruler is composed, being par-
allel to each other, it follows, that if either edge of the
instrument is placed parallel with a line and held in
that position, another line may be drawn paraliel to the
first at any distance within the range of the instrument.
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This is its most obvious use; it is generally applied to
the drawing of inclined parallel lines in mechanical
drawings, vertical and horizontal lines being more
easily drawn with the square, when the drawing is at-
tached to a drawing board.

ArpLicATION.—ProBLEM 26. Fie. 2.

To divide the Line E. F info any number of equal
parts, say 12,

1st. From E draw E. G at any angle to E. F, and
step off with any opening of the dividess, twelve equal
spaces on E. G.

2nd. Join F 12, and with the parallel ruler draw
lines through the points of division in E. G, parallel to
12 F intersecting E. F, and dividing it as required.

ProsrLEM 27. Fie. 3.

To divide a Line of the length of G. H in the same pro-
portion as the Line 1. K is divided.

1st. From I draw a line at any angle and make I. L
equal to G. H.

2nd. Join the ends K and L by a right line, and
draw lines parallel to it through all the points of divi-
sion, to intersect I. L, then I I will be divided in the
same proportion as I. K. . . . .. .

Prosrem 28. Fie. 4.,

To reduce the Trapezium A. B. C. D to a Triangle of
equal area,

1st. Prolong C. D indefinitely.
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2nd. Draw the diagonal 4. D, place one edge of the
ruler on the line A. D and extend the other edge to B,
then draw B. E, cutting C. D extended in E.

3rd. Join A. E, then the area of the triangle A. E.
C will be equal to the trapezium .4. B. C. D.

ProsrLEM 29. Fie. 5.

To reduce the irregular Pentagon ¥. G. H. 1. K. fo a
Tetragon and to a Triangle, each of equal area with
the Pentagon.

1st. Prolong I. H indefinitely.

2nd. Draw the diagonal F. H and G. M parallel to
it, cutting I. H in M, and draw F. M.

3rd. Prolong K. I indefinitely toward L.

4th. Draw the diagonal £. I and draw J. L parallel
to it, cutting K. L in L.

5th. Draw F. L, then the triangle F. L. K| and the
tetragon K. F. M. I, are equal in area to the given
pentagon.

PLATE IX.

CONSTRUCTION OF THE SCALE OF CHORDS
AND ITS APPLICATION.—PLANE SCALES.

ProsLEm 30. Ficure 1.

To Construct a Scale of Chords.

Let A. B be a rule on which to construct the scale.
1st. With any radius, and one foot in D, describe a
quadrant; then draw the radii D. C'and D. E.
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2nd. Divide the are into three equal parts as fol-
lows :—Wth the radius of the quadrant, and the divi-
ders in C, cut the arc in 60 ; then, with one foot in E,
cut the arc in 30.

3rd. Divide these spaces each into three equal parts,
when the quadrant will be divided into nine equal parts
of 10° each.

4th. From C, draw chords to each of the divisions,
and transfer them, as shewn by the dotted lines, to A. B.

5th. Divide each of the spaces on the arc into ten
equal parts, and transfer the chords to .. B, when we
shall have a scale of chords corresponding to the re-
spective degrees.

Nore 1.~-This scale is generally found on the plane scale
which accompanies a set of drawing mstruments, and marked C,
or Ch.

Nore 2.—Any scale of chords may be re-constructed by using
the chord of 60° as a radius for desenbing the quadrant,

AprricaTioN.—ProerLEM 31. Fre. 2.

To lay down an Angle at ¥, of any number of degrees,
say 25, the line G. F to form one side of the Jngle.

1st. Take the chord of 60° in the dividers, and with
one foot in F, describe an indefinite arc, cutting G. F
in H.

2nd. From the scale take 25° in the dividers, and
with one foot in H, cut the arc in K.

3rd. Through K, draw K. F, which completes the
required angle. If we desire an angle of 15° or 30°,
take the required number from the scale, and cut the
arc in O or P, and in the same manner for any other
angle.

4
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ProrrLem 32. Fie. 2.

To measure an Angle ¥, already laid down.

1st. With the chord of 60°, and one foot of the di-
viders in the angular point, cut the sides of the angle
in H and K,

2nd. Take the distance H. K in the dividers, and
apply it to the scale, which will shew the number of
degrees subtended by the angle.

SCALES OF EQUAL PARTS.

1st. Scales of equal parts may be divided into two
kinds, viz: Those which consist of two or three lines,
divided by short parallel lines, at-right angles to the
others, like fig. 3, or those which are composed of sev-
eral parallel lines, divided by diagonal and vertical
lines, like figs. 4 and 5: the first kind are called simple
scales, the second diagonal scales.

2nd. Scales of equal parts may be made of any size,
and may be made to represent any unit of measure :
thus each part of a scale may be an inch, or the tenth
of an inch, or any other space, and may represent an
inch, foot, yard, fathom, muile, or degree, or any other
quantity.

3rd. The measure which the scale is intended to
represent, is called the unit of measurement. In archi-
tectural or mechanical drawings, the unit of measure-
ment is generally a foot, which is subdivided into
inches to correspond with the common foot rule. For
working drawings, the scale is generally large. A very
common mode of laying down working drawings, is to
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use a scale of one and a half inches to the foot; this
gives one-eighth of an inch to an inch, which is equal
to one-eighth of the full size. This is very convenient,
as every workman has g scale on his rule, which he
can apply to the drawing with facility. Scales are
generally made to suit each particular case, dependant
on the size of the object to be represented, and on the
size of the paper or board on which the drawing is to
be made.

4th. To praw A Scare. If we have a definite size
for each part of a required scale, say one-quarter of an
inch, we have only to extend the dividers to that mea-
sure, step off the parts and number them, reserving the
left hand space to be subdivided for inches. Care
should be taken to have the scale true. It should be
proved by taking two, three, four or five parts in the
dividers, and applying it to several parts of the scale;
when, if found correct, the drawing may be proceeded
with, It is much easier to draw another scale if the
first is imperfect, than to correct a drawing made from
a false scale.

5th. Fig. 3 requires but little explanation. It is
called a quarter of an inch scale, as each unit of the
scale is a quarter of an inch; the starting point of a
scale marked O, is called its Zero. The term is not
very common among practical men, except when ap-
plied to the thermometer; and, when we say the ther-
mometer is down to Zero, we mean that it is at the
commencement of the scale. It is better to number a
scale above and below, as in the figure ; for, if we wish
to take a measure of any number of feet less than 10,
and inches, say 3 feet 6 inches, we place one foot of
the dividers at 3, numnbered from below, and extend the
other out to 6 inches. If| on the other hand, we have
to measure a number of feet more than 10, say 13, we
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should place one foot in the division marked 10, on
the top of the scale without the plate, and extend it to
3, when we are enabled to read the quantity at sight,
without any mental operation, as we must do if the
scale is only numbered as below. For example, to
take 13 feet, we must place one foot of the dividers at
20, and extend it to 7. This operation is simple, it is
true, but it requires us to subtract 7 from 20 to get 13,
instead of reading from the scale as we could do from
the upper numbers. In taking alarge space in the di-
viders, it is always better to take the whole numbers
first, and add the inches or other fractions afterwards.
The space on the left hand in this figure, is divided into
twelve parts for inches,

Ficure 4

Is A uaLF incH Diaconarn Scang, divided for feet
and inches. To draw a scale of this kind :—

1st. Draw 7 lines parallel to each other, and equi-
distant.

2nd. Step off spaces of half an inch each, and draw
lines through the divisions across the whole of the
spaces.

3rd. Divide the top of the first space into two equal
parts, draw the diagonal lines, and number them as in
the diagram.

To take any measure from this scale, say 2’ 1”7, we
must place the dividers on the first line above the bot-
tom on the second division on the scale, and extend
the other foot to the first diagonal line, numbered 1,
which will give the required dimension. If we wish
-to take 2/ 11”, we must place one leg of the dividers
the same as before, and extend the other to the second
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diagonal line, which gives the dimension. If we wish
to take 1/ 3", we must place the dividers on the middle
line in the first vertical division, and extend it to the
first diagonal line, numbered 3, and proceed in the
same manner for any other dimension.

This is a very useful form of scale. The student
should familiarize himself with its construction and ap-
plication.

Ficure 5

Is ax 1xcu DiaconaL Scang, divided mnto tenths
and hundredths,

It is made by drawing eleven lines parallel to each
other, enclosing ten equal spaces, with vertical lines
drawn through the points of division across the whole.
The left hand vertical space is divided into ten equal
parts, and diagonal lines drawn as in the figure.

This scale gives three denominations. Each of the
small spaces on the top and bottom lines, is equal to
one-tenth of the whole division. The horizontal lines
contained between the first diagonal and the vertical
line, are divided into tenths of the smaller division, or
hundredths of the larger division ; for example, the first
line from the top contains nine-tenths of the smaller
division, the second eight-tenths, the third seven-tenths,
and so on as numbered on the end of the scale. To
make a diagonal scale of this form, divided into feet,
inches, &c., we must draw 13 parallel horizontal lines,
and divide the left hand space also into 13.

4.
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PLATE X.

CONSTRUCTION OF THE PROTRACTOR.

Ficure 1.

The protractor is an instrument generally formed of
a semicircle and its chord; the semicircle is divided
into 180 equal parts or degrees, numbered in both di-
rections from 10° to 180°, as in its application, angles
are often required to be measured or laid down on
either hand; in portable cases of instruments the pro-
tractor is frequently drawn on a flat straight scale as in
the diagram. Its mode of construction is sufficiently
obvious from the drawing; a small notch or mark in
the centre of the straight edge of the instrument denotes
the centre from which the semicirele is described, and
the angular point in which all the lines meet.

ArprLicaTion.—ProBLEM 33. TFie. 2.

WITH THE PROTRACTOR, TO PROTRACT OR
LAY DOWN ANY ANGLE.

From the point O let it be required to form a Right
Angle to the line O. P.

1st. Place the straight edge of the protractor to coin-
cide with the hne O. P, with the centre at O, then
mark the angle of 90° at §.

2nd. From § draw S. O, which gives the required
angle.
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‘While the instrument is in the position described,
with 1ts centre at O, any other angle may be laid down,
thus at Q we have 30°, at R 60°, at T'120°, and at
¥ 150°, and so on from the fraction of a degree up to
180°,

The protractor may also be used for constructing any
regular polygon in a circle or on a given line; to do so,
it is necessary to know the angle formed by said poly-
gon by lines drawn from its corners to the centre of the
circle, and also to know the angle formed by any two
adjoining faces of the polygon. The table given for
this purpose is constructed as follows :

1st. To find the angle formed by any polygon at the
centre, divide 360, the number of degrees in the whole
circle, by the number of sides in the required polygon,
the quotient will be the angle at the centre; for exam-
ple, let it be required to find the angle at the centre of
an octagon :—divide 360 by 8 the number of sides, the
quotient will be 45, which is the angle formed by the
octagon at the centre.

2nd. To find the angle formed by two adjoining faces
of a polygon, we must subtract from 180 the number
of degrees in the semicircle; the angle formed by said
polygon at the centre, the remainder will be the angle
formed at the circumference. For example let us take
the octagon; we have found in the last paragraph that
the angle formed by that figure in the centre is 45°;
then if we subtract 45 from 180 it will leave 135, which

is the angle formed by two adjoining faces of the oc-
tagon.
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PLATE XI.

TO DESCRIBE FLAT SEGMENTS OF CIRCLES
AND PARABOLAS.

Very often in practice it would be very inconvenient
to find the centre for describing a flat segment of a cir-
cle, in consequence of the rise of an arch being so
small compared to its span.

Prorrem 34. Fie. 1.

To describe a Segment with a Triangle.

Nore.—In all the diagrams in this plate 4. B is the span of
the arch, .. D the rise, and C the centre of the erown of the arch.
1st. Make a trnangle with its longest side equal to

the chord or span of the arch and its height equal to
one-half the rise.

2nd. Stick a nail at .4 and at C, place the triangle as
in the diagram and move it round against the nails to-
ward .1, a pencil kept at the apex of the triangle will
describe one-half of the curve.

3rd. Stick another nail at B, and with the triangle
moving against C and B, describe the other half of the
curve.




Plate 1.
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ProBLEM 35. Fic. 2.

To describe the same Curve with strips of wood, form-
ing a Triangle.

1st. Drive a nail at .2 and another at B, place one
strip against .4 and bring it up to the centre of the
crown at C.

2nd. Place another strip against B and crossing the
first at C; nail them together at the intersection, and
nail a brace across to keep them in position. :

3rd. With the pencil at C and the triangle formed by
the strips kept against A and B, describe the curve
from Ctoward .4, and from C toward B.

ProBrLeEM 26. Fie. 3.

To draw a Parabolic Curve by the intersection of lines
Jorming Tangents {o the Curve.

1st. Draw C. 8 perpendicular to .. B, and make it
equal to /4. D.

2nd. Join ,A. 8 and B. 8, and divide both lines into
the same number of equal parts, say 8, number them as
in the figure, draw 1. 1.—2. 2.—3. 3., &c., then these
lines will be tangents to the curve; trace the curve to
touch the centre of each of those lines between the
points of intersection.

ProBrLEM 37. Fric. 4.

To draw the same Curve by another method.

1st. Divide A. D and B. E, into any number of
equal parts, and C. D and C. E into a similar number.
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2nd. Draw 1. 1.—2. 2. &c., parallel to .A. D, and
from the points of division in 4. D and B. E, draw
hnes to C. The points of intersection of the respec-
tive lines, are points in the curve.

Nore.—The curves found, as in figs. 3 and 4, are quicker at
the crown than a true circular segment ; but, where the nse of
the arch 1s not more than one-tenth of the span, the vanation
cannot be percerved.

ProsrLem 38. Fie. 5.

To describe a True Segment of a Circle by Intersections.

1st. Draw the cherds A. C' and B. C,and A. O and
B. 0. perpendicular to them. ,

2nd. Prolong D. E in each direction to 0. O'; di-
vide 0. C, C. 0, A. D, A. 6, B. 6,and B. E into the
same number of equal parts.

3rd. Join the points 1. 1.—2. 2. &c., in A. B and
0.0.

4th. From the divistons in A. D, and B. E, draw
lines to C. The points of intersection of these lines
with the former, are points inthe curve. A semicircle
may be described by this method.
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PLATE XII.

TO DESCRIBE OVAL FIGURES COMPOSED OF
ARCS OF CIRCLES.

ProBreEM 39. Fie. 1.

The length of the Oval A. B. being given, to describe an
Oval upon it.

1st. Divide A. B the given length, into three equal
parts, in E and F.

2nd. With one of those parts for a radius, and the
compasses in E and F successively, describe two cir-
cles cutting each other in O and 0.

3d. From the points of intersection in O and 0,
draw lines through E and F, cutting the circles in V.
Vi, and V' V1

4th. With one foot of the compasses in O, and O
successively, and with a radius equal to O. V¥, or 0.

V, describe the arcs between V. V) and V. pin 1o
complete the figure.

ProBLEM 40. Fig. 2.

To describe the Oval, the length A. B, and breadih C.

D, being given.

1st. 'With half the breadth for a radius, and one foot
in F, describe the arc C. E, cutting A. Bin E.
2nd. Divide the difference E. B between the semi-

aXes into three equal parts, and carry one of those divi-
sions toward 4,
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3d. Take the distance B 4, and set off on each side
of the centre F at H and H.'

4th, With the radius H. H/ describe from Hand H’
as centres, arcs cutting each other in K and K.

5th. From K and K, through H and H,' draw in-
definite right lines.

6th. With the dividers in H, and the radius H, A,
describe the curve V. A. V. and with the dividers in
H,' describe the curve V. B, V.

7th. From K and K, with a radius equsal to K. C,
describe the curves V. C. V})and V.” D. V" to com-
plete the figure.

Prosrem 41. Fie. 8.

Another method for describing the Oval, the length A. .
B, and breadth C. D, being given.

1st. Draw C. B, and from B, with half the trans-
verse axis, B. F, cut B, Cin O.

2nd. Bisect B. O by a perpendicular, cutting 4. B
in P,and C. Din Q. -

3rd. From F, set off the distance F. P to R, and
the distance F. Q to S.

4th. From S, through R and P, and from Q through
R, draw indefinite lines.

bth. From P and R, and from S and Q, describe
the arcs, completing the figure as in-the preceding
problem.

Nore.—In all these diagrams, the result is nearly the same.
Figs. 1 and 2 are similar figures, although each is produced by a
different process. The proportions of an oval, drawn as figure
1, must always be the same as in the diagram; but, in figs. 2
and 3, the proportions may be varied; but, when the difference
in the length of the axes, exceeds one-third of the longer one, the
curves have a very unsightly appearance, as the change of cur- '
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vature is too abrupt. These figures are often improperly called
ellipses, and sometimes fulse ellipses. Ovals are frequently used
for bridges. When the arch is flat, the curve is described from
more than two centres, but it is never so graceful as the uue
ellipsis.

PLATE XIII.
TO DESCRIBE THE CYCLOID AND EPICYCLOID.

The Cycloid is a curve formed by a point in the cir-
cumference of a circle, revolving on a level line; this
| curve is described by any point in the wheel of a car-
riage when rolling on the ground.

Prosrem 42. Fie. 1.

To find any number of Points in the Cycloid Curve by
the intersection of lines.

1st. Let G. H be the edge of a straight ruler, and
C the centre of the generating circle.

2nd. Through C draw the diameter 4. B perpen-
dicular to G. H, and E. F parallel to G. H; then A. B
is the height of the curve, and E. ¥ is the place of the
centre of the generating circle at every point of its pro-
gress. ‘

3rd. Divide the semicircumference from B to .4 into
any number of equal parts, say 8, and from . draw
chords to the points of division.

4th. From C, with a space in the dividers equal to
one of the divisions on the circle, step off on each side
the same number of spaces as the semicircumference is
divided into, and through the points draw perpendicu-~
lars to G. H: nurber them as in the diagram.

5
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5th. From the points of division in E. F, with the
radius of the generating circle, describe indefinite arcs
as shewn by the dotted lines.

6th. Take the chord .4 1 in the dividers, and with
the foot at 1 and 1 on the line G. H, cut the indefinite
arcs described from 1 and 1 respectively at D and IV,
then D and IV are points in the curve.

7th. With the chord A 2, from 2 and 2 in G. H, cut
the indefinite ares in J and J' with the chord A 3,
from 3 and 3, cut the ares in K and K’ and apply the
other chords in the same manner, cuiting the arcs in
L. M &c.

8th. Through the points so found trace the curve.

Note.~Each of the indefinite arcs m the diagram represents
the circle at that point of its revolution, and the pownts D. J. K,
&c., the position of the generating point B at each place. This
curve is frequently used for the arches of bridges, its proportions
are always constant, viz: the span is equal to the circumference
of the generating circle and the rise equal to its diameter.  Cy-
cloudal arches are frequently constructed which are not true cy-
cloids, but approach that curve in a greater or less degree.

Ficure 2.—Tue Ericycroip.

This curve is formed by the revolution of a circle
around a circle, either within or without ifs circumfer-
ence, and described by a point B in the circumference
of the revolving circle. P is the centre of the revolv-
ing circle, and Q of the stationary circle.

ProsrLEM 43.

To find Points in the Curve.

1st. Draw the diameter 8. 8, and from @ the centre,
draw Q. B at right angles to 8. 8.
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2nd. With the distance Q. P from Q, describe an
arc 0. O representing the position of the centre P
throughout its entire progress.

3rd. Divide the semicircle B. D and the quadrants
D. 8 into the same number of equal parts, draw chords
from D to 1, 2, 8, &c., and from Q draw lines through
the divisions in D. 8 to intersect the curve 0. Oin 1,
2, 3, &e.

4th. With the radius of P from 1, 2, 3, &c., in O.
O describe indefinite ares, apply the chords D 1, D 2,
&ec., from 1, 2, 3, &c., in the circumference of @, cut-
ting the indefinite. arcs in A. C. E. F, &c., which are
points in the curve.

DEFINITIONS OF SOLIDS.

A,

On refering back to our definitions, we find that a
point has position without magnitude.

A ILane has length, without breadth or thickness,
consequently has but one dimension.

A Surface has length and breadth, without thickness,
consequently has two dimensions, which, multiplied
together, give the content of 1ts surface.

A Solid has length, breadth and thickness. These
three dimensions multiplied together, give its solid con-
tent.

Lineal Measure, is the measure of lines.

Superficial or Square Measure, the measure of
surfaces.

Cubic Measure, is the measure of solids.

For Ezample.—If we take a cube whose edge mea-
sures two feet, then two feet is the lineal dimension of
that line. If the edge is two feet long, the adjoining
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edge is also two feet long, then, two feet multiplied by
two, gives four feet, which is the superficial content of
a face of the cube.

Then, 1if we mulliply the square or superficial con-
tent, by two feet, which is the thickness of the cube, it
will give eight feet, which is its solid content.

Then, two lineal feet is the length of the edge.

¢  foursquare ¢ the surface of one side.
And eight cubic ¢ the solid content of the cube.

PLATE XIV.

THE CUBE OR HEXAHEDRON, ITS SECTIONS
AND SURFACE.

Ficure 1.

Ist. The cube is one of the regular polyhedrons,
composed of six regular square faces, and bounded by
twelve lines of equal length ; the opposite sides are all
parallel to each other.

2nd. If a cube be cut through two of its opposite
edges, and the diagonals of the faces connecting them,
the section will be an oblong rectangular parallelogram,
as fig. 2. .

3rd. If a cube be cut through the diagonals of three
adjoining faces, as in fig. 3, the section will be an equi-
lateral triangle, whose side is equal to the diagonal of
a face of the cube. Two such sections may be made
in a cube by cutting it again through the other three
diagonals, and the second section will be parallel to the
first.

4th. If a cube be cut by a plane passing through all
its sides, the line of section, in each face, to be parallel

SRR
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with the diagonal, and midway between the diagonal
and the corner of the face, as in fig. 4, the section will
be a regular hezagon, and will be parallel with, and
exactly midway between the triangular sections de-
fined in the last paragraph.

5th. If a cube be cut by any other plane passing
through all its sides, the section will be an irregular
hexagon. )

6th. The surface of the cube fig. 1, is shewn at fig.
5, and if a piece of pasteboard be cut out, of that form,
and cut half through in the lines crossing the figure,
then folded together, it will form the regular solid. All
the other solids may be made of pasteboard, in the
same manner, if cut in the shape shewn in the cover-
ings of the diagrams in the following plates.

Tth. The measure of the surface of a cube is six
times the square of one of its sides. Thus, if the side
of a cube be one foot, the surface of one side will be
one square foot, and its whole surface would be six
square feet.

Its solidity would be one cubic foot.

Nore —The cube may also, in general, be called a prism, and

a parallelopipedon, as 1t answers the description given of those
bodies, but the terms are seldom applied to 1.

PLATE XV.
SOLIDS AND THEIR COVERINGS,

Fie. 1. Is asohd, bounded by six rectangular faces,
each opposite pair being parallel, and equal to each
other; the sides are oblong parallelograms, and the ends

5'
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are squares. It is called a right sQUARE PRISM, PAR-
ALLELOPIPED, Of PARALLELOPIPEDON,

Fic. 2. Is its covering stretched out.

Fi1a. 3. Is a triangular prism; its sides are rectan-
gles, and its ends equal triangles.

Fic. 4. Is its covering.

Prisus derive their names from the shape of their
ends, and the angles of their faces, thus: Fig. 1isa
square prism, and fig. 2 a triangulor prism. If the
ends were pentagons, the prism would be pentagonal ;
if the ends were hexagons, the prism would be hexa-
gonal, &c.  The sides of all regular prisms are equal
rectangular parallelograms.

Fi6. 5. Is a sQquarE PYrRAMID, bounded by a square
at its base, and four regular triangles, as shewn at fig. 6.

Pyramids, hke prisms, derive their names from the
shape of their bases; thus we may have a square pyra-
mud, as in fig. 4, or a triangular, pentagonal, or hexa-
gonal pyramid, &c., as the base is a triangle, pentagon,
hexagon, or any other figure.

The sides of a pyramid incline together, forming a
point at the top. This point is called its vertex, apez,
or summit.

The axis of a pyramid, is a line drawn from its sum-
mit, to the centre of its base. The length of the axis,
is the altitude of the pyramid. When the base of a
pyramid is perpendicular to its axis, it is called a right
pyramid ; if they are not perpendicular to each other,
the pyramid is oblique. If the top of a pyramid be cut
off, the lower portion is said to be truncafed ; it is also
called a_frustrum of a pyramid, and the upper portion
is still a pyramid, although only a segment of the ori-
gmal pyramid.

A pyramid may be divided into several truncafed
pyramids, or frustrums, and the upper portion remain a
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pyramid, as the name does not convey any idea of size,
but a definite idea of form, viz: a solid, composed of
an indefinite number of equal triangles, with their edges
touching each other, forming a point at the top.

A pyramid is said to be acute, right angled or ob-
tuse, dependant on the form of its summit.

An orELIsK is a pyramid whose height is very great
compared to the breadth of the base. The top of an
obelisk is generally truncated and cut off, so as to form
a small pyramid, resting on the frustrum, which forms
the lower part of the obelisk.

When the polygon, forming the base of a pyramid,
is irregular, the sides of the figure will be unequal, and
the pyramid is called an irregular pyramid.

PLATE XVI.
SOLIDS AND THEIR COVERINGS.

Fic. 1. Is an HEXAGONAL PYRAMID; and fig. 2 its
covering.

Fi1e. 3. A RIGHT CYLINDER, is bounded by two uni-
form circles, parallel to each other. The line connect-
ing their centres, is called the axis. 'The sides of the
cylinder is one uniform surface, connecting the circum-
ferences of the circle, and every where equidistant from
its axis.

ProsrLEM 44. TFie. 4.

To find the Length of the Parallelogram A. B. C. D,
to_form the Side of the Cylinder.

1st. Draw the ends, and divide one of them into any
| number of equal parts, say twelve,
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2nd. With the space of one of these parts, step off
the same number on ./A. B, which will give the breadth
of the covering to bend around the circles.

F1e. 5. Is A RiGHT CONE; its base is a circle, its
sides sloping equally from the base to its summit. A
hne drawn from its summit to the centre of the base, is
called its axis, If the axis and base are not perpen-
dicular to each other, it forms an oblique, or scalene cone.

ProBrEM 45. Fic. 6.

To draw the Covering.

1st. With a radius equal to the sloping height of the
cone, from E, describe an indefinite arc, and draw the
radius E. F.

2nd. Draw the circle of the base, and divide its eir-
cumference into any number of equal parts, say twelve.

3rd. With one of those parts in the dividers, step
off from F the same number of times to G, then draw
the radius E. G, to complete the figure.

PLATE XVII
COVERINGS OF SOLIDS.

Fic. 1. Tur SPHERE

Is a solid figure presenting a circular appearance
when viewed 1n any direction; its surface is every
where equidistant from a point within, called its centre.

1st. It may be formed by the revolution of a semi-
circle around its chord.
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2nd. The chord around which it revolves is called
the axis, the ends of the axis are called poles.

31d. Any line passing through the centre of a sphere
to opposite points, is called a diameter.

4th. Every section of a sphere cut by a plane must
be a circle, if the section pass through the centre, its
section will be a great circle of the sphere; any other
section gives a lesser circle.

5th. When a sphere is cut into two equal parts by a
plane passing through its centre, each part 1s called a
hemisphere ; any part of a sphere less than a hemisphere
is called a segment ; this term may be appled to the
larger portion as well as to the smaller.

ProBrLEM 46. Fig. 2.

To draw the Covering of the Sphere.

1st. Divide the circumference into twelve equal parts.

2nd. Step off on the line .A. B the same number of
equal parts, and with a radius of mne of those parts,
describe arcs through the points in each direction;
these ares will intersect each other in the lines C. D
and E. F, and form the covering of the sphere.

Ficure 3

Is the surface of a regular TETRAHEDRON, it is
bounded by four equal equilateral triangles.

Ficure 4.

The regular OcTanEDRON is bounded by eight equal
equilateral triangles.
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Ficure b.

The DopecaneproN is bounded by twelve equal
pentagons.

Ficure 6.

The IcosaneDpRroN is bounded by twenty equal equi-
lateral triangles.

The four last figures, together with the hexahedron
delineated on Plate 14, are all the regular polyhedrons.
All the faces and all the solid angles of each figure are
respectively equal. These solids are called platonic
figures.

PLATE XVIIL
THE CYLINDER AND ITS SECTIONS..

Ist. If we suppose the right angled parallelogram
A. B. C. D, fig. 1, to revolve around the side /. B, it
would describe a solid figure ; the sides A. D and B.
C would describe two circles whose diameters would
be equal to twice the length of the revolving sides; the
side C. D would describe a uniform surface connecting
the opposite circles together throughout their whole
circumference. The solid so described would be a
RIGHT CYLINDER.

2nd. The line A. B, around which the parallelogiam
revolved, is called the axis of the cylinder, and as it
connects the centres of the circles forming the ends of
the cylinder, it is every where equidistant from its sides.
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3rd. If the ends of a cylinder be not at right angles
to its axis, it is called an OBLIQUE CYLINDER.

4th. If a cylinder be cut by any plane parallel to its
axis, the section will be a parallelogram, as E. F. G.
H, fig. 1. .

5th. If a cylinder be cut by any plane at right angles
to its axis, the section will be a circle.

6th. If a cylinder be cut by any plane not at right
angles to its axis, passing through its opposite sides,
as at K. L or M. JV, fig. 2, the section will be an EL-
vipsis, of which the line of section K. L or M. ¥
would be the longest diameter, called the TRANSVERSE
Or MAJOR-DIAMETER, and the diameter of the cylinder
C. D would be the shortest diameter, calléd the cox-
JUGATE O MINOR DIAMETER.

Prosrem 47. Fre. 3.

To describe an Ellipsis from the Cylinder with a string
and two pins.

1st. Draw the right lines /. M and C. D at right
angles to each other, cutting each other in S.

2nd. Take in your dividers the distance P. M or P.
N, fig. 2, and set it off from § to M and W, fig. 3,
which will make M. JV equal to M. JV, fig. 2.

3rd. From A, fig. 2, take /. D or A. C, and set it
off from § to Cand D, making C. D equal to the di-
ameter of the cylinder.

4th. With a distance equal to S. M or S. JV from
the points D and C, cut the transverse diameter in E
and F; then E and F are the roc1 for drawing the
ellipsis.

Nore.—E isa rocus, and Fis a rocus. E and F are roct.
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bth. In the foct, stick two pins, then pass a string
around them, and tie the ends together at C.

6th. Place the point of a pencil at C, and keeping
the string tight, pass it around and describe the curve.

Note.—The sum of all Lines drawn from the foci, to any point
in the curve, 1s always constant and equal to the major axis:
thus, the length of the lines E. R, and F. R, added together, 1s
equal to the length of E. C, and F. C, added together, or to two
lines drawn from E and F), to any other point 1n the curve.

7th. Fig. 4 is the section of the cylinder, through L.
K, fig. 2, and is described n the same way as fig. 3.
The letters of reference are the same in both diagrams,
except that the transverse diameter L. K, is made
equal to the hine of section L. K, in fig. 2.

8th. The line V. M, fig. 3, or L. K, fig. 4, is called
the TRANSVERSE, or MAJOR AXi1s, (plural AxEs,) and
the line C. D, its coNJUGATE, or MINOR Axis. They
are also called the transverse and conjugate diameters,
as above defined. The transverse axis is the longest
line that can be drawn in an ellipsis.

9th. Any line passing through the centre S, of an
ellipsis, and meeting the curve at both extremities, is
called a DIAMETER: every diameter divides the ellipsis
into two equal parts, The coNJucaTE of any diame-
ter, is a line drawn through the centre, terminated by
the curve, parallel to a tangent of the curve at the ver-
tex of the said diameter. The point where the diame-
ter meets the curve, is the verfex of that diameter.

10th. An orDINATE to any diameter, is a line drawn
parallel to its conjugate, and terminated by the curve
and the said diameter. An aBscissa is that portion
of a diameter intercepted between its vertex and ordi-
nate. Unless otherwise expressed, ordinates are in
general, referred to the axis, and taken as perpendicular

to it. Thus, in fig. 4, X. Y is the ordinate to, and L.
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X and K. X, the abscisse of the axis K. L—V. W is
the ordinate to, and C. ¥, and D. V, the abscisse of
the axis C. D.

PLATE XIX.
THE CONE AND ITS SECTIONS.

DErINITIONS.

Ist. A coNE is a solid, generated by the revolution
of a right angled triangle about one of 1its sides.

2nd. If both legs of the triangle are equal, as S. JV*
and V. O, fig. 2, it would generate a RIGHT ANGLED
coNE; the angle S being a right angle.

3rd. If the stationary side of the triangle be longest,
as M. JV, the cone will be acuTk, and if shortest, as
T. , it will be osTUSE angled.

4th. The Bask of a cone is a circle, from which the
sides slope regularly to a point, which is called its
VERTEX, APEX, OI SUMMIT.

5th. The ax1s of a cone, is a line passing from the
vertex to the centre of the base, as M. WV, figs. 1, 2,
3 and 4, and represents the line about which the tri-
angle is supposed to rotate.

6th. A riGHT coNE. When the axis of a cone is
perpendicular to its base, it is called a right cone; if
they are not perpendicular to each other, it is called an
OBLIQUE CONE.

Tth. If a cone be cut by a plane passing through its

vertex to the centre of its base, the section will be a
TRIANGLE,

6




62 PLATE XIX.

8th. If cut by a plane, parallel to its base, the sec-
tion will be a circLE, as at E. F, fig. 1.

9th. If the upper part of fig. 1 should be taken
away, as at E. F, the lower part would be a TrRuNcA-
TED CONE, or FRUSTRUM, the part above E. F, would
still be a cone; and, if another portion of the top were
cut off from it, another truncated cone would be form-
ed: thus a cone may be divided into several truncated
cones, and the portion taken from the summit, would
still remain a cone. Similar remarks have already
been applied to the pyramid.

10th. If a cone be cut by any plane passing through
its opposite sides, as at /. B, fig. 3, the section will
be an ellipsis.

11th. If a cone be cut by a plane, parallel with one
of 1ts sides, as at P. Q., R. 8, or R 8. fig. 4, the
section will be a PARABOLA.

12th. If a cone be cut by a plane, which, if con-
tinued, would meet the opposite cone, as through C.
D, fig. 4, meeting the opposite cone at O, the section
will be an HYPERBOLA.

ProsrLem 48. Fie. 3.

To describe the Ellipsis from the Cone.

1st. Let fig. 3 represent the elevation of a right cone,
and A. B the line of section.

2nd. Bisect 4. Bin C.

3id. Through C, draw E. F perpendicular to the
axis M. JV, cutting the axis in P.

4th. With one foot of the dividers in P,and a radius
equal to P. E, or P. F, describe the arc E. D. F.

5th. From C; the centre of the line of section .A. B,
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draw C. D parallel to the axis, cutting the arc E. D. F,
in D.

6th. Then A. B is the transverse axis, and C. D its
semiconjugate of an ellipsis, which may be described
with a string, as explained for the section of the cylin-
der, or by any of the other methods to be hereafter de-
scribed,

Note.—A section of the cyhnder, as well as of a cone, passing
through its opposite siudes, is always an ellipsis. In the cone,
the length of both axes vary with every section, but mn the cylin-

der, the conjugate axis 1s always equal to the diameter of the
cylinder, whatever may be the inchnation of the line of section.

ProBrEM 49. Fie. 4

To find the length of the base line for describing the
other sections.

1st. With one foot of the dividers in JV, and a ra-
dius equal to V. T, or V. V¥, describe a semicircle,
equal to half the hase of the cone.

2nd. From C and P, the points where the sections
intersect the base, draw P. A, and C. B, cutting the
semicircle in 4 and B. Then .. P is one-half the
base of the parabola, and C. B is one-half the base of
the hyperbola. 'The methods for describing these curves,
are shewn in Plates 20 and 21.
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PLATE XX
TO DESCRIBE THE ELLIPSIS AND HYPERBOLA.

ProsrLeM 50. Fie. 1.

To find Points in the Curve of an Ellipsis by In-
tersecting Lanes.

Let A.B, be the given transverse axis, and C. D, the
conjugate.

1st. Describe the parallelogram L. M. V. O, the
boundaries passing through the ends of the axes.

2nd. Divide A. L,—A. N,—B. M;,—and B. O, into
any number of equal parts, say 4, and number them as
in the diagram.

3rd. Divide A. S, and B. S also into 4 equal parts,
and number them from the ends toward the centre.

4th. From the divisions in A. L and B. M, draw
lines to one end of the conjugate axis at C; and, from
the divisions in B. O and A. J¥, draw lines to the other
end at D.

5th. From D, through the points 1, 2, 3, in A. §,
draw lines to intersect the lines 1, 2, 3 drawn from the
divisions on . L, and in like manner through B. §,
to intersect the lines from B. M. These points of in-
tersection are points in the curve.

6th. From C, through the divisions 1, 2, 3, on S. /4
and S. B, draw lines to intersect the lines 1,2, 3 drawn
from A. N and B. O, which will give the points for
drawing the other half of the curve.
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7th. Through the ponts of intersection, trace the
curve.

Nore.—If required on a small scale, the curve can be drawn
by hand ; but, if required on a large scale, for practical purposes,
1t is best to dnive sprigs at the points of intersection, and bend a
thin flexible strip of pine around them, for the purpose of tracing
the curve. Any number of pomnts may be found by dividing the
hnes 1nto the requisite number of parts.

Ficure 4.

Is a semi-ellipsis, drawn on the conjugate axis by
the same method, in which /4. B is the transverse, and
C. D the conjugate axis.

Nore.—This method will apply to an ellipsis of any length or
breadth,

ProsrLEM 51. Fie. 2.

To draw an Ellipsis with a Trammel.

The TraMMEL shewn in the diagram is composed of
two pieces of wood halfened together at right angles to
each other, with a groove running through the centre
of each, the groove being wider at the bottom than at
the top. I K. L is another strip of wood with a point
at I, or with a hole for inserting a pencil at I, and two
shding buttons at K and L ; the buttons are generally
attached to small morticed blocks shding over the strip,
with wedges or screws for securing them in the proper
place; (the pins are only shewn in the diagram,) the

buttons attached to the pins are made to slide freely in
the grooves.

60
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Mode of Setting the Trammel.

1st. Make the distance I. K equal to the semi-con-
jugate axis, and the distance from I to L equal to the
semi-transverse axis.

2nd. Set the grooved strips to coincide with the
axes of the ellipsis, and secure them there.

3rd. Move the point I around and it will trace the
curve correctly,

Nore.—Tlus is a very useful nstrument, and was formerly
used very frequently by carpenters to Jay off their work, and also
by plasterers to run their mouldings around elliptical arches, &ec.,
the mould occupying the position of the pomnt I It was rare
then to find a carpenter’s shop without a trammel or to find a
good workman wno was not skilled 1n the use of 1t; but since
Grecian archutecture with 1ts horizontal lintels has taken the place
of the arch, 1t 1s seldom a trammel 1s required, and when required,
much more rare to find one to use; but as 1t is sometimes wanted,
and few of our young mechanics know how to apply 1, at the
nsk of bemng thought tedious, we have been thus minute mn 1ts
description.

ProsLEM 52. Fie. 3.

To describe the Hyperbola from the Cone.

1st. Draw the line .A. C. B and make C. B and C.
A each equal to C. B, fig. 4, plate xix, then A. B will
be equal to the base of the hyperbola.

2nd. Perpendicular to A. B, draw A. E and B. F,
and make them equal to C. D, fig. 4, plate xix.

3rd. Join E. F, from C erect a perpendicular C. D.
0, and make C. O equal to C. O, fig. 4. plate xix.

4th. Divide /. E and B. F each into any number
of equal parts, say 4, and divide B. Cand C. A into
the same number, and number them as in the diagram.
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5th. From the points of division on /. E and B.
F, draw lines to D.

6th. From the points of division in A. B, draw lines
toward O, and the points where they intersect the other
lines with the same numbers will be points'in the curve.
The curve /. D. B is the section of the cone through
the line C. D, fig. 4, plate xix.

PLATE XXI.
PARABOLA AND ITS APPLICATION.

ProprLEM 53. Fie. 1.

To describe the Parabola by Tangents.

1st. Draw .4. P. B, make .4. P and P. B each equal
to A. P, fig. 4, plate xix.

2nd. From P draw P. Q. R perpendicular to .. B,
and make P. R equal to twice the height of P. Q, fig.
4, plate xix.

3rd. Draw A. R and B. R, and divide them each
into the same number of equal parts, say eight; num-
bet one side from .4 to R, and the other side from R
to B.

4th. Join the points 1. 1.—2. 2.—3. 3, &c.; the
lines so drawn will be tangents to the curve, which
should be traced to touch midway between the points
of intersection.

The curve /. Q. B is a section of the cone through
P. Q, fig. 4, plate xix.



http:curve.l1

68 PLATE XXI.

ProerLeEM 54. Fie. 2.

To describe the Parabola by another method.

Let A. B be the width of the base and P. Q the
height of the curve.

Ist. Construct the parallelogram 4. B C. D.

2nd. Divide A. C and A. P—P. B and B. D re-
spectively into a similar number of equal parts ; number
them as in the diagram.

3rd. From the points of division in /4. C and B. D,
draw lines to Q.

4th. From the points of division on /4. B erect per-
pendiculars to intersect the other lines ; the points of
intersection are points in the curve.

ProsrLeEm 55. Fic. 3.

To describe a Parabola by continued motion, with a
Ruler, String and Square.

Let C. D be the width of the curve and H. Jthe
height.

1st. Bisect H. D in K, draw J. Kand K. E perpen-
dicular to J. K, cutting J. H extended in E. Then
take the distance H. E and set it off from J to F, then
F'is the focus.

2nd. At any convenient distance above J| fasten a
ruler A. B, parallel, to the base of the parabola C. D.

3rd. Place a square S, with one side  against the
edge of the ruler, /. B, the edge O. JV of the square
to coincide with the line E. J.

4th. Tie one end of a string to a pin stuck in the
focus at F, place your pencil at J, pass the string
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around it, and bring it down to JV, the end of the
square, and fasten it there.

5th. With the pencil at J, against the side of the
square, and the string kept tight, slide the square along
the edge of the ruler towards .4 ; the pencil being kept
against the edge of the square, with the string stretched,
will describe one half of the parabola, J. C.

6th. Turn the square over, and draw the other half
in the same manner.

DErINITIONS.

1st. The rocus of a parabola is the point F, about
which the string revolves. The edge of the ruler ..
B, is the directriz of the parabola.

2nd. The axis 1s the line J. H, passing through the
focus, and perpendicular to the base C. D.

3rd. The principal VERTEX, is the point J, where
the top of the axis meets the curve.

4th. The PARAMETER, is a line passing through the
focus, parallel to the base, terminated at each end by
the curve.

5th. Any line, parallel to the axis, and terminating
in the curve, is called 2 P1AMETER, and the point where
it meets the curve, is called the vertex of that diameter.

ProBLEM 56. TFie. 4.

To apply the Parabola to the construction of Gothic
Arches.

Ist. Draw A. B, and make it equal to the width of
the arch at the base.

2nd. Bisect 4. B in E, draw E. F perpendicular to
A. B, and make E. F equal to the height of the arch.
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3rd. Construct the parallelogram 4. B. C. D.

4th. Divide E. F into any number of equal parts,
and D, F and F. C each into a similar number, and
number them as in the diagram.

5th. From the divisions on F. D, draw lines to A,
and from the divisions on F. C, draw lines to B.

6th. Through the divisions on E. F, draw lines par-
allel to the base, to intersect the other lines drawn from
the same numbers on D. C. The points of intersection
are points in the curve through which it may be traced.

Note.—If we suppose this diagram to be cut through the line
E. F, and turned around unul E. « and E. B concide, it will
form a parabola, drawn by the same method as fig. 2; and, if we
were to cut fig. 2 by the lne P. @, and turn 1t around unul P.
A and P. B comeide, it would form a gothic arch, described by
the same method as fig. 4; and, if the proportions of the two
figures were the same, the curves would exactly comneide.

PLATE XXII.

ProsrLEM 57. Fie. 1.

To draw the Boards for covering Circular Domes.

To lay the boards vertically. Let.A. D. C be half
the plan of the dome; let D. C represent one of the
ribs, and E. F the width of one of the boards.

1st. Draw D. O, and continue the line indefinitely
toward H.

2nd. Divide the rib D. C into any number of equal
parts, and from the points of division, draw lines
parallel to A. C, meeting D. Oin 1, 2, 3, &ec.

3rd. With an opening of the dividers equal to one
of the divisions on D. C, step off from D toward H,
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the same number of parts as D. C is divided into,
making the right line D. H, nearly equal to the curve
D. C.

4th. Join E. O and F. O.

5th. Make 1. c—2. d—3. e—4. f and 5 g, on each
side of D. H, equal to 1. c—2. d—3. ¢, &c. on D. O,

6th. Through the points ¢. d. e. f. g, trace the curve,
which will be an arc of a circle; and if a series of
boards made in the same manner, be laid on the dome,
the edges will coincide.

Nore.—In practice where much accuracy is required, the rib
should be divided mto at least twelve parts.

ProerEm 5H8. Fie. 2.

To lay the boards Horizontally.

Let A. B. C be the vertical section of a dome
through its axis.

1st. Bisect A. C'in D, and draw D. P perpendicu-
lar to A. C.

2nd. Divide the arc A. B into such a number of
equal parts, that each division may be less than the
breadth of a beard. (If we suppose the boards to be
used, to be of a given length, each division should be
made so that the curves struck on the hollow side
should touech the ends, and the curves on the eonvex
side should touch the centre.)

3rd. From the points of division, draw lines parallel
to /. C to meet the opposite side of the section. Then
if we suppose the curves intercepted by these lines to
be straight lines, (and the difference will be small,)
each space would be the frustrum of a cone, whose
vertex would be in the line D. P, and the vertex of
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each frustrum would be the centre from which to de-
scribe the curvature of the edges of the board to fit it.

4th. From 1 draw a line through the point 2, to
meet the line D. Pin E; then from E, with a radius
equal to E. 1, describe the curve 1. L, which will give
the lower edge of the board, and with a radius equal
to E. 2, describe the arc 2. K, which will give the
upper edge. The line L. K drawn to E, will give the
cut for the end of a board which will fit the end of any
other board cut to the same angle.

bth. From 2 draw a line through 3, meeting D. P in
F. From 3, draw a line through 4, meeting D. P in
G, and proceed for each board, as in paragraph 4.

6th. If from € we draw a line through M, and con-
tinue it upward, it would require to be drawn a very
great distance before it would meet D. P; the centre
would consequently be inconveniently distant.

For the bottom board, proceed as follows:

1st. Join A. M, cutting D. P in JV, and join JV. 1.

2nd. Describe a curve, by the methods in Problems
34 or 35, Plate 11, through 1. V. M, which will give
the centre of the board, from which the width on either
side may be traced.

PLATE XXIII.
CONSTRUCTION OF ARCHES

Arches in architecture are composed of a number of
stones arranged symmetrically over an opening intend-
ed for a door, window, &c., for the purpose of support-
ing a superincumbent weight. The depth of the stones
are made to vary {o suit each particular case, being
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made deeper in proportion as the width of an opening
becomes larger, or as the load to be supported is in-
creased ; the size of the stones also depends much on
the quality of the material of which they are composed:
if formed of soft sandstone they will require to be much
deeper than if formed of granite or some other hard
strong stone.

DeriniTiOoNs. Fie. 2.

Ist. The span of an arch is the distance between the
points of support, which is generally the width of the
opening to be covered, as 4. B. These points are
called the springing points; the mass against which the
arch rests is called the aApuTMENT.

2nd. The RrisE, HEIGHT or VERSED SINE of an arch,
is the distance from C to D.

3rd. The spriNeING LINE of an arch is the line A.
B, being a horizontal line drawn across the tops of the
support where the arch commences.

4th. The crown of an arch is the highest point, as D.

5th. Voussorrs is the name given to the stones
forming the arch.

6th. The KEvysToNE is the centre or uppermost
voussoir D, so called, because it is the last stone set,
and wedges or keys the whole together. Keystones
are frequently allowed to project from the face of the
wall, and in some buildings are very elaborately sculp-
tured.

7th. The iNTRADOS or soFrIT of an arch is the
under side of the voussoirs forming the curve.

8th. The EXTRADOS or BACK is the upperside of the
voussoirs.

9th. The THRUST of an arch is the tendency which

7
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all arches have to descend in the middle, and to over-
turn or thrust asunder the points of support.

Nore..—~The amount of the thrust of an arch depends on the
proportions between the rise and the span, that 1s to say, the span
and weight to be supported bemng definite; the thrust will be di-
minished in proportion as the rise of the arch is increased, and
the thrust will be increased in proportion as the crown of the
arch is lowered,

10th. The soinTs of an arch are the lines formed by
the adjoining faces of the voussoirs; these should gen- ]
erally radiate to some definite point, and each should
be perpendicular to a tangent to the curve at each joint.
In all curves composed of arcs of circles, a tangent to
the curve at any point would be perpendicular to a ra-
‘dius drawn from the centre of the circle through that
point, consequently the joints in all such arches should
radiate to the centre of the circle of which the curve
forms a part.

11th. The BED of an arch is the top of the abut-
ment; the shape of the bed depends on the quality of
the curve, and will be explained in the diagrams.

12th. A RAMPANT ARCH is one in which the spring-
ing points are not in the same level.

13th. A STRAIGHT ARCH, or as it is more properly
called, a pLAT BAND, is formed of a row of wedge-
shaped stones of equal depth placed in a horizontal line,
the upper ends of the stones being broader than the
lower, prevents them from falling into the void below.

14th. Arches are named from the shape of the curve
of the under side, and are either simple or complez. T
would define simple curves to be those that are struck
from one centre, as any segment of a circle, or by con-
tinued motion, as the ellipsis, parabola, hyperbola, cy-
cloid and epicycloid ; and coMPLEX ARCHES to be those
described from two or more fixed centres, as many of




A

Plate.

CHES .

JOINTS IN







PLATE XXIII. 75

the Gothic or pointed arches. The simple curves have
all been described in our problems of practical Geome-
try ; we shall however repeat some of them for the pur-
pose of shewing the method of drawing the joints.

ProsrLEM 59, Fie. 1.

To describe a Segment or Scheme Arch, and to draw the
Joints.

ist. Let E and F be the abutments, and O the
centre for describing the curve.

2nd. With one foot of the dividers in O, and the
distance O. F, describe the line of the intrados.

3rd. Set off the depth of the voussoirs, and with the
dividers at 0, describe the line of the extrados.

4th. From E and F draw lines radiating to 0, which
gives the line of the beds of the arch. This line is often
called by masons a skew-back.

5th. Divide the intrados or extrados, into as many
parts as you design to have stones in the arch, and ra-
diate all the lines to O, which will give the proper di-
rection of the joints.

6th. If the point O should be at too great distance
to strike the curve conveniently, it may be struck by
Problem 34 or 35, Plate 11; and the joints may be
found as follows: Let it be desired to dfaw a joint at
2, on the line of the extrados; from 2 set off any dis-
tance on ejther side, as at 1 and 3; and from 1 and 3,
with any radius, draw two ares intersecting each other
at 4—then from 4 through 2 draw the joint which will
be perpendicular 1o a tangent, touching the curve at 2.
This process must be repeated for each joint. The

keystone projects a little above and below the lines of
the arch.
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Pros. 60. Fie. 2.—Tue SEMICIRCULAR ARcH.

This requires but little explanation. A. B is the
span and C the centre, from which the curves arestruck,
and to which the lines of all the joints radiate. The
centre Cbeing in the springing line of the arch the beds
are horizontal.

Pros. 61. Fie. 3.—Tur Horse-sHoe ArcH.

Is an arc of a circle greater than a semicircle, the
centre O being above the springing line.

This arch is also called the SaraceNic or MorEsCO
arch, because of its frequent use in these styles of arch-
itecture. The joints radiate to the centre, as in fig. 2.
The joint at 5, below the horizontal line, also radiates
to 0. This may do very well for a mere ornamental
arch, that has no weight to sustain: but if, as in the
diagram, the first stone rests on a horizontal bed, it
would be larger on the inside than on the outside, and
would be liable to be forced out of its position by a
slight pressure, much more so than if the joint were
made horizontal, as at 6. These remarks will also
apply to fig. 4, Plate 24.

ProBLEM 62. Fie. 4.

To describe an Ogee Arch, or an Arch of Contrary
Flexure.

Note.—This arch is seldom used over a large opening, but
occurs frequently in canopies and tracery in Gothic architecture,
the nb of the arch being moulded.

1st. Let 4. B be the outside width of the arch, and

C. D the height, and let 4. E be the breadth of the rib.
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2nd. Bisect .A. B in C, and erect the perpendicular
C. D; bisect A. C in F, and draw F. J parallel to
C. D.

3rd. Through D draw J. K parallel to .A. B, and
make D. K equal to D. J.

4th. From F set off F. G, equal to A. E the breadth
of the rib, and make C. H equal to C. G.

5th. Join G. Jand H. K ; then G and H will be the
centres for drawing the lower portion of the arch,
J and K will be the centres for describing the upper
portion, and the contrary curves will meet in the lines

G. J and H. K.

ProBrLeEM 63. Fie. b.

To draw the Joinis in an Elliptic Arch.

Let A. B be the span of the arch; C. D the rise, and
F. F the foci, from which the line of the intrados may
be described.

The voussoirs near the spring of the arch are in-
creased 1 depth, as they have to bear more strain than
those nearer the crown; the outer curve is also an
ellipsis, of which H and H are the foci.

To draw a joint in any part of the curve, say at 5.

1st. From F and F the foci, draw lines cutting each
other in the given point 5, and continue them out in-
definitely.

2nd. Bisect the angle 5 by Problem 11, Page 26,
the line of bisection will be the line of the joint.

The joints are found at the pomts 1 and 3 in the
same roanner.

3d. If we bisect the internal angle, as for the joints
2 and 4, the result will be the same.

7.
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4th. To draw the corresponding joints on the oppo-
site side of the arch, proceed as follows :—

bth. Prolong the line C. D indefinitely toward E,
and prolong the lines of bisection 1, 2, 3, 4 and 5, to
intersect C. E in 1, 2, 3, &c., and from those points
draw the corresponding joints between . and D.

PLATE XXIV.

TO DESCRIBE GOTHIC ARCHES AND TO DRAW
THE JOINTS.

The most simple form of Pointed or Gothic arches
are those composed of two arcs of circles, whose cen-
tres are in the springing line.

Fiecure 1.—THE LaNceT ARcH.

When the length of the span .2. B is much less than
the length of the chord A. C, as in the diagram, the
centres for striking the curves will be some distance
beyond the base, as shewn by the rods; the joints all
radiate to the opposite centres.

Fic. 2.—TuE EQUILATERAL ArcH.

When the span D. E, and the chords D. F' and E.
F form an equlateral triangle, the arch is said to be
equilateral, and the centres are the points D and E in
the base of the arch, to which all the joints radiate.
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Fic. 3.—Tue DeprEssep ArcH

Has its centres within the base of the arch, the chords
being shorter than the span; the joints radiate to the
centres respectively.

Nore.—There are no definite proporuons for Gothic arches,
except for the equilateral ; they vary from the most acute to those

whose centres nearly touch, and which deviate but little from a
semicircle.

Fie. 4.—Tue Pointep Horse-sHOE ARCH.

This diagram requires no explanation; the centres
are above the springing line. See fig. 3, plate xxiii,
page 76.

Ficure 5.

To describe the Four Centred Pointed Arch.

1st. Let .A. B be the springing line, and E. C the
height of the arch.

2nd. Draw B. D parallel to E. €, and make it equal
to two-thirds of the height of E. C.

3rd. Join D. C, and from C draw C. L perpendicu-
lar to C. D.

4th. Make C. G and B. F both equal to B. D.

5th. Join G. F, and bisect it in H, then through H
draw H. L perpendicular to G. F meeting C. L in L.

6th. Join L. F, and continue the line to ;. Then
L and Fare the centres for describing one-half of the
arch, and the curves will meet in the line L. F. JV.

Tth. Draw L. M parallel to 4. B, make O. M equal
to 0. L, and E. K equal to E. F. Then Kand M are
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the centres for completing the arch, and the curves will
meet in the line M. K. P.

8th. The joints from P to C will radiate to M ; from
C to N they will radiate to L; from JV to B they will
radiate to F, and from P to /A they will radiate to K.

Nore 1.—As the joint at P radiates to both the centres K and
M, and the joint at JV radiates both to ¥ and L, the change of
direction of the lower jomts is easy and pleasing to the eye, so
much so that we should be unconscious of the change, if the
constructive lines were removed.

Note 2—When the centres for striking the two centered arch
are in the springing line, as in diagrams 1, 2 and 3, the verucal
side of the opening joins the curve, without forming an unpleas-
ant angle, as it would do if the vertical lines were continued up
above the hine of the centres; 1t 1s true that examples of thus char-
acter may be cited m Gothic buildings, but1ts ungraceful appear-
ance should lead us to avoid it.

PLATE XXV.
OCTAGONAL PLAN AND ELEVATION.

Fiec. 1.—Havrr THE Pran. Fre. 2.—ELEvVATION.

This plate requires but little explanation, as the
dotted lines from the different points of the plan, per-
fectfy elucidate the mode of drawing the elevation.

The dotted line A, shews the direction of the rays
of light by which the shadows are projected; the mode
of their projection will be explained in Plates 47 and
48.
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PLATE XXVI.
CIRCULAR PLAN AND ELEVATION.

This plate shews the mode of putting circular objects
in elevation. The dotted lines from the different points
of the plan, determine the widths of the jambs (sides)
of the door and windows, and the projections of the
sills and cornice. One window is farther from the
door than the other, for the purpose of shewing the
different apparent widths of openings, as they are more
or less inclined from the front of the picture.

This, as well as Plate 25, should be drawn to a
much larger size by the learner; he should also vary
the position and width of the openings. As these de-
signs are not intended for a particular purpose, any
scale of equal parts may be used in drawing them.

PLATE XXVII.
ROMAN MOULDINGS.

Roman mouldings are composed of straight lines and
arcs of circles,

Nore.—Each separate part of a moulding, and each moulding
in an assemblage of mouldings, is called a member.

Fie. 1.—A FiLreT, BaxDp or LisTEL

Is a raised square member, with its face parallel to
the surface on which it is placed.
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Fic. 2.—Bgap.

A moulding whose surface is a semicircle struck from
the centre K.

Fic. 3.—Torvs.

Composed of a semicircle and a fillet. The projec-
tion of the circle beyond the fillet, is equal to the ra-
dius of the circle, which is shewn by the dotted line
passing through the centre L. The curved dotted line
above the fillet, and the square dotted line below the
circle, shew the position of those members when used
as the base of a Doric column.

Ficure 4.—Tur ScorIia

Is composed of two -quadrants of circles between
two fillets. B is the centie for describing the large
quadrant; J/ the centre for describing the small quad-
rant. The upper portion may be made larger or smaller
than in the diagram, but the centre .4 must always be
in the line B. A. The scotia is rarely, if ever used
alone ; but it forms an important member in the bases
of columns.

Fig. 5—Tre OvoLo

Is composed of a quadrant between two fillets. C
is the centre for describing the quadrant. 'The upper
fillet projects beyond the curve, and by its broad
shadow adds much to the cffect of the moulding. ‘The
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ovolo is generally used as a bed moulding, or in some
other position where it supports another member.

Fig. 6.—Tue Caverro,

Like the ovolo, is composed of a quadrant and two
fillets. The concave quadrant is used for the cavetto
described from D ; it is consequently the reverse of the |
ovolo. The cavetto is frequently used in connection
with the ovolo, from which it is separated by a fillet.
It is also used sometimes as a crown moulding of a
cornice; the crown moulding is the uppermost member.

Fic. 7.—Tue Cyma REecra

Is composed of two arcs of circles forming a waved
line, and two fillets.

To describe the cyma, let I be the upper fillet and
JV the lower fillet.

1st. Bisect I JV. in M.

2nd. With the radius M. N or M. I, and the foot
of the dividers in V' and M, successively describe two
arcs cutting each other in F, and from M and I with
the same radius, describe two arcs, cutting each other
in E,

3rd. With the same radius from E and F, describe
two ares meeting each other in M.

The proportions of this moulding may ve varied ‘at
pleasure, by varying the projection of the upper fillet.

Fic. 8.—Tue Cyma REvVERsa, TaLoN or OgEE.

Like the cyma recta, it is composed of two circular
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arcs and two fillets; the upper fillet projects beyond
the curve, and the lower fillet recedes within it.

The curves are described from G and H.

The cvma, or cyma rReEcta has the concave curve
uppermost.

The cvma REVERsA has the concave curve below.

The cyma REcTA isused as the upper member of an
assemblage of mouldings, for which it is well fitted
from its ight appearance.

The cyma REVERsA from its strong form, is like the
ovolo, used to sustain other members.

The dotted lines drawn at an angle of 45° to each
moulding, shew the direction of the rays of light, from
which the shadows are projected.

Norte.—When the surface of a moulding 1s carved or sculptur-
ed, it 1s said to be ENRICHED.

PLATE XXVIII.

GRECIAN MOULDINGS

Are composed of some of the curves formed by the
sections of a cone, and are said to be elliptic, parabolic,
or hyperbolic, taking their names from the curves of
which they are formed.

Ficures 1 anp 2.

To draw the Grecian EcHixnus or Ovovro, the fillets A
and B, the tangent C. B, and the point of greatest
projection D being given.
1st. Draw B. H,a continuation of the upper edge

of the under fillet.
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2ud. Through D, draw D. H perpendicularto B. H,
cutting the tangent B. C'in C.

3rd. Through B, draw B. G parallel to D. H, and
through D, draw D. E parallel to H. B, cutting G. B
in E.

4th. Make E. G equal to E. B, and E. F equal to
H. C, join D. F.

5th. Divide the lines D. Fand D. Ceach into the
sanie number of equal parts.

6th. From the point B, draw lines to the divisions
1,2,3, &c. in D. C.

7th. From the point G, draw lines through the divi-
sions in D. F to intersect the lines drawn from B.

8th. Through the points of intersection trace the
curve,

Note.—A great variety of form may be given to the echinus,
by varying the projections and the inchination of the tangent B. C.

Nore 2—If H. C 1sless than C. D, as m fig. 1, the curve
will be elliptic; if H. Cand C. D are equal, as in fig. 2, the
curve 18 parabolic ; 1if H. C be made greater than D. C, the curve
will be hyperbolie,

Nore 3.—The echinus, when ennched with carving, is gener-

ally cut into figures resembling eggs, with a dart or tongue be-
tween them.

F16s. 3 Axnp 4.—THuE GrEcIAN Cyma.

To describe the Cyma Recta, the perpendicular height
B. D and the projection A. D being given.

1st. Draw A. C and B. D perpendicular to A. D
and C. B parallel to A. D

2nd. Bisect 4. D in E, and A. C in G; draw E.
F and G. O, which will divide the rectangle .A. C. B
D into four equal rectangles.

8
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3rd. Make G. P and 0. K each equdl to O. H.

4th. Dwide A. G—O0. B—A. E and B. F into a
similar number of equal parts.

5th. From the divisions in A. E and F. B, draw
lines to H; from P draw lines through the divisions
on A. G to intersect the lines drawn from 4. E, and
from K through the divisions in O. B, draw lines to
intersect the lines drawn from F. B.

6th. Through the points of intersection draw the
curve.

Note.—The curve is formed of two equal converse arcs of an
ellipsis, of which E. F1s the transverse axis, and P. Hor H. K

the conjugate. The points 1n the curve are found in the same
manner as in fig. 1, plate 20.

Fic. 5.—THE GreciaNy Cyma Reversa, Taron or
OGEE.

To draw the Cyma Reversa, the fillet A, the point C,
the end of the curve B, and the line B. D being given.

1st. ¥rom C, draw C. D, and from B, draw B. E
perpendicular to B. D, then draw C. E parallel to B.
D, which completes the rectangle.

2nd. Divide the rectangle B. E. C. D into four equal
parts, by drawing F. G and O. P.

3rd. Find the points in the curve as in figs. 3 and 4.

Nore 1.—If. we tumn the figure over so as to bring the line F.
@ vertical, G being at the top, the pomnt B of fig. 5, to comncide
with the pomnt A of fig. 3,1t will be perceived that the curves are

simlar, F'. G bemmg the transverse axis, and JY. H or M. H the
conjugate axis of the ellipsis.

Note 2 —The nearer the line B. D approaches to a horizontal
posttion, the greater will be the degree of curvature, the conjugate
axis of the ellipsis will be lengthened, and the curve become more
ke the Roman ogee.
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Ficure 6.—THE GRreciaN ScorTia.

To describe the Grecian Scotia, the position of the
Jillets A and B being given.

1st. Join .A. B, bisect it in C, and through C draw
D. E parallel to B. G.

2nd. Make C. D and C. E each equal to the depth
intended to be given to the scotia; then /. B will be
a diameter of an ellipsis, and D. E its conjugate.

3rd. Through E, draw F. G parallel to /. B.

4th. Divide A. Fand B. G into the same number
of equal parts, and from the points of division draw
lines to E.

5th. Divide 4. C and B. C into the same number
of equal parts, as.A. F, then from D through the points
of division in A. B, draw lines to intersect the others,
which will give points in the curve.

PLATE XXIX.
TO DRAW THE TEETH OF WHEELS.

~

Ist. The LINE of CENTRES is the line A. B. D, fig.
1, passing through K and C, the centres of the whecl
and pinion.

2nd. The PROPORTIONAL or primitive diameter of the
wheel, is the line .4. B; the proportional radius .4, K.
or K. B. 'The true radii are the distances from the
centres to the extremities of the teeth.

2rd. The ProPORTIONAL DIAMETER of the pinion is
the line B. D ; the proportional rads C. B,



http:Divide.l1
http:DivIde.l1

88 PLATE XXIX.

4th. The PROPORTIONAL CIRCLES Or PITCH LINES
are circles described with the proportional radii touch-
ing each other in B.

5th. The rircu of a wheel is the distance on the
pitch circle including a tooth and a space, as E. For
G. H, or O. D, fig. 2.

6th. The pEpTH of a tooth is the distance from the
pitch circle to the bottom, as L. K, fig. 1, and the
height of a tooth is the distance from the pitch circle to
the top of the tooth, as L. M.

To draw the Pitch Line of a Pinion to contain a defi-
nite number of Tecth of the same size as in the given
wheel K.

1st. Divide the proportional diameter 4. B of the
given wheel into as many equal paris as the wheel has
teeth, viz. 16.

2nd. With a distance equal to one of these parts,
step off on the line B. D as many steps as the pinion is
to contain teeth, which will give the proportional di-
ameter of the pinion ; the diagram contains 8.

3rd. Draw the pitch circle, and on it with the dis-
tance E. F, the pitch, lay off the teeth.

4th. Sub-divide the pitch for the tooth and space,
draw the sides of the teeth below the pitch line toward
the centre, and on the tops of the teeth desciibe epicy-
cloids.

Nore.—The circumferences of circles are directly as their di-
ameters; if the diameter of one circle be four imes greater than
another, the circumference will also be four times greater.

Fig. 2 is another method for drawing the teeth; .A.
B is the pitch circle on which the width of the teeth
and spaces must be laid down. Then with a radius
D. E or D. F, equal to a pitch and a fourth, from the
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middle of each tooth on the pitch circle as at D, de-
scribe the tops of the teeth I and F, from O describe
the tops of the teeth G and D, and so on for the others.
The sides of the teeth within the pitch circle may be
drawn toward the centre, as at F'and H, or from the
centre O, with a radius equalto O. Q or O. P, describe
the lower part of the teeth G and D.

PLATE XXX.
ISOMETRICAL DRAWING.

Ficure 1.

To draw the Isometrical Cube.

Let A be the centre of the proposed drawing.

1st, With one foot of the dividers in .4, and any ra-
dius, describe a circle.

2nd. Through the centre A, draw a diameter B. C
parallel to the sides of the paper.

3rd. With the radius from the points B and C lay
off the other corners of a hexagon, D. E. F. G.

4th. Join the points and complete the hexagon.

bth. From the centre A, draw lines to the alternate
corners of the hexagon, which will complete the figure.

"The Isometrical cube is a hexahedron supposed to
be viewed at an infinite distance, and in the direction
of the diagonal of the cube; in the diagram, the eye is
supposed to be placed opposite the point A: if a wire
be run through the point ./ to the opposite corner of
the cube, the eye being in the same line, could only
see the end of the wire, and this would be the case no

Sb
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matter how large the cube, consequently the front top
corner of the cube and the bottorn back corner must be
represented by a dot, as at the point A. As the cube
is a solid, the eye from that direction will see three of
its sides and nine of its twelve edges, and as the dis-
tance is infinite, all these edges will be of equal length,
the edges seen are those shewn in fig. 1 by continuous
lines; three of the edges and three of the sides could
not be seen, these edges are shewn by dotted lines in
fig. 1, but if the cube were transparent all the edges
and sides could be seen. The apparent opposite angles
in each side are equal, two of them being 120°, and
the other two 60°; all the opposite boundary lines are
parallel to each other, and as they are all of equal
length may be measured by one common scale, and all
lines parallel to any of the edges of the cube may be
measured by the same scale. The lines F. G, A. C
and E. D represent the vertical edges of the cube, the
parallelograms A. C. D. E and A. C. F. G, represent
the vertical faces of the cube, and the parallelogram A.
B.-E. F represents the horizontal face of the cube;
consequently, vertical as well as horizontal lines and
surfaces may be delineated by this method and measured
by the same scale, for this reason the term 1SoMETRI-
cAL (equally measurable) has been applied to this style
of drawing.

Ficurr 2

Is a cube of the same size as fig. 1, shaded to make
the representation more obvious; the sides of the small
cube .4, and the boundary of the square platform on
which the cube rests, as well as of the joists which
support the floor of the platform, are all drawn parallel
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to some of the edges of the cube, and forms a good
illustration for the learner to practice on a larger scale,

Nore.—A singular optical illusion may be witnessed while
Jooking at this diagram, 1f we keep the eye fixed on the point 4,
and 1magine the drawing to represent the interior of a room, the
point A wll appear to recede ; then if we agamn 1magne it to be
a cube the point will appear to advance, and this nsing and faling
may be conunued, as you imagine the angle A to represent a pro-
jecung corner, or an internal angle.

PLATE XXXI.
EXAMPLES IN ISOMETRICAL DRAWING.

Figs. 1 and 2 are plans of cubes with portions cut
away. Figs. 3 and 4 are isometrical representations
of them.

To draw a part of a regular figure, as in these dia-
grams, it is better to draw the whole outline in pencil,
as shewn by the dotted lines, and from the corners lay
off the indentations.

The circumscribing cube may be drawn as in fig. 1,
Plate 30, with a radius equal to the side of the plan,
or with a triangle having one right angle, one angle of
60°, and the other angle 30°, as shewn at.A. Proceed
as follows:—

Let B be the tongue of a square or a straight edge
applied horizontally across the paper, apply the hy-
pothenuse of the triangle to the tongue or straight edge,
as in the diagram, and draw the left hand inclined lines;
then reverse the triangle and draw the right hand in-
clined lines; turn the short side of the triangle against

the tongue of the square, and the vertical lines may be
drawn.
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This instrument so simplifies isometrical drawing,
that its application is but httle more difficult than the
drawing of flat geometrical plans or elevations.

PLATE XXXII.

EXAMPLES IN ISOMETRICAL DRAWING
CONTINUED.

Fig. 1 is the side, and fig. 2 the end elevation of a
block pierced through as shewn in fig. 1, and with the
top chamfered off, as shewn in figs. 1 and 2.

Ficure 3.

To draw the figure Isometrically.

1st. Draw the isometrical lines .A. B and C. D;
make A. B equal to A. Bfig. 1, and C. D equal to C.
D fig. 2.

2nd. From A. B and D, draw the vertical lines, and
make them equal to B. G, fig. 1.

3rd. Draw K. H and L. I parallel to ./A. B, and H.
Iand K. L parallel to C. D.

4th. Draw the diagonals H. D and I. C, and through
“their intersection draw a vertical line M. G. F. Make
G. Fequal to G. F, fig. 1.

5th. Through G, draw G. JV, intersecting L. K in
V. and from JV draw a vertical line JV, E,

6th. Through F, draw F. E, intersecting JV. E'in
E; then E. F represents the line E. Fin fig. 1.

7th. From E and F, lay off the distances O and P,
and from O and P draw the edges of the chamfer O.
K—O. L—P. H and P. I, which complete the outline.
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8th. On A. B lay off the opening shewn in fig. 1,
and from R, draw a line parallel to C. D.

Nore 1.—All the lines in this figure, except the diagonals and
edges of the chamfer, can be drawn with the trniangle and square,
as explamned n Plate 31.

Note 2—All these lines may be measured by the same scale,
except the inclined edges of the chamfer, which will require a
different scale,

Nore 3.—The intelligent student will easily perceive from this
figure, how to draw a house with a hipped roof, placing the
doors, windows, &ec., each 1n its proper place ; or how to draw
any other rectangular figure. Inclined lines may always be
found by a simlar process to that we have pursued in drawing’
the edges of the chamfer.

Ficure 4

Is the elevation of the side of a cube with a large por-
tion cut out.

Ficure 5

Is the isometrical drawing of the same, with the top of
the cube also pierced through. The mode pursued is
so obvious, that it requires no explanation: it is given
as an illustration for drawing FURNITURE, or any other
framed object. It requires but little ingenuity to con-
vert fig. 5 into the frame of a table or a foot-stool.
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PLATE XXXIII.
TO DRAW THE ISOMETRICAL CIRCLE.

Ficunre 1

Is the plan of a circle inscribed in a square, with two
diameters /4. B and C. D parallel to the sides of the

square.

Ficure 2

To draw the Isometrical Representation.

1st. Draw the isometrical square, M. JV. O. P, hav-
ing its opposite angles 120° and 60° respectively.

2nd. Bisect each side and draw A. B and C. D.

3rd. From O draw O. /2 and O. D, and from M
draw M. C' and JM. B intersecting in Q and R.

4th. From Q, with the radius Q. /1, describe the arc
A. C, and from R, with the same radius, describe the
arc D. B.

5th. From O, with the radius O. A, draw the arc
A. D, and from M, with the same radius, describe C.
B, which completes the oval.

NoTE.—An 1SOMETRICAL PROJECTION Of a circle would be an
ellipsis; but the figure produced by the above method is so sim-
ple in its construction and approaches so near to an ellipsis, that
1t may be used tn most cases, besides its facility of construction,
its eircumnference 1s so nearly equal to the circumference of the
given circle, that any divisions traced on the one may be trans-
ferred to the other with sufficient accuracy for all practical pur-
poses.
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Ficure 3.

To divide the Circumference of the Isometrical Circle
into any number of equal parts.

1st. Draw the circle and a square around it as in fig.
2, the square may touch the circle as in fig. 2, or be
drawn outside as 1n fig. 3.

2nd. From the middle of one of the sides as O, erect
0. K perpendicular to E. F, and make 0. K equal to
0. E.

3rd. Draw K. E and K. F, and from K with any
radius, describe an arc P. Q, cutting K. E in P, and
K. Fin Q.

4th. Divide the arc P 4 into one-eighth of the num-
ber of parts required in the whole circumference, and
from K, through these divisions, draw lines intersecting
E. Oin 1,2 and 3.

5th. From the divisions 1, 2 and 3, in E. O, draw
lines to the centre P, which will divide the arc E. O
into four equal parts.

6th. Transfer the divisions on E. O from the cor-
ners E. F. G. H, and draw lines to the centre P, when
the concentric curves will be divided into 32 equal
parts.

Nore 1.—If a plan of a circle divided into any number of
equal parte be drawn, as that of a cog wheel, the same measures

may be transferred to the isometric curve as explained m the note

to fig. 2. butif the plan be not drawn, the divisions can be made
as m fig. 3.

Nore 2—The term 1soMETRICAL PROJECTION has been avoided,
as the projecton of a figure would require a smaller scale to be
used than the scale to which the geometncal plans and elevauons
are drawn, but as the isometrical figure drawn with the same
scale to which the plans are drawn, is in every respect propor-
tional to the true projection, and conveys to the eye the same
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view of the object, it 1s mamifestly much more convenent for
practical purposes to draw both to the same scale.

Note 3.—In Note 2 to fig. 3, Plate 32, allusion has been made
to nchined lines requiring a different scale from any of the lines
used m drawing the 1sometrical cube: for the mode of drawing
those scales as well as for the further prosecution of this branch
of drawing, the student 1s referred to Jopling’s and Sopwith’s
treatise on the subject, as we only propose to give an introduction
to isometrical drawing. Sufficient, however, has been given to
enable the student to apply 1t to a very large class of objects, and
it would extend the size of this work too much, to pursue the
subject n full.

PERSPECTIVE.

PLATE XXXIV.

s i,

The design of the art of perspective 1s to draw on a
plane surface the representation of an object or objects,
so that the representation shall convey to the eye, the
same image as the objects themselves would do if
placed in the same relative position.

To elucidate this definition it will be necessary to
explain the manner in which the image of external ob-
jects is conveyed to the eye.

1st. To enable a person to see any object, it is ne-
cessary that such object should reflect light.

2nd. Light reflected from a centre becomes weaker
in a duplicate ratio of distance from its source, it being
only one-fourth as intense at double the distance, and
one-ninth at triple the distance, and so on.

3rd. A ray of light striking on any plane surface, is
reflected from that surface in exactly the same angle
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with which it impinges; thus if a plane surface be
placed at an angle of 45°, to the direction of rays of
light, the rays will be reflected at an angle of 45° in the
opposite direction. This fact is expressed as follows,
viz: THE ANGLE OF REFLECTION IS EQUAL TO THE
ANGLE OF INCIDENCE. This axiom, so short and
pithy, should be stored in the memory with some others
that we propose to give, to be brought forward and ap-
plied whenever required.

4th. Rays of light reflected from a body proceed in
straight lines until interrupted by meeting with other
bodies, which by reflection or refraction, change their
direction.

5th. ReFracTiON of LicHT. When a ray of light
passes from a rare to a more dense mediur, as from a
clear atmosphere through a fog or from the air into
water, it is bent out of its direct course: thus if we
thrust a rod into water, it appears broken or bent at the
surface of the water; objects have been seen througha
fog by the bending of the rays, that could not possibly
be seen in clear weather ; this bending of the rays of
light is called refraction, and the rays are said to be re-
fracted : this effect, (produced however by a different
cause) may often be seen by looking through common
window glass, when in consequence of the irregulari-
ties of its surface, the rays are bent out of a direct course,
causing the view of objects without to be much distorted.

6th. A portion of light is absorbed by all bodies re-
ceiving it on their surface, consequently the amount of
light reflected from an object is not equal to the quan-
tity received.

7th. The amount of absorption is not the same in all
bodies, but depends on the color and quality of the re-
flecting surface; if a ray falls on the bright polished
surface of a looking-glass, most of it will be reflected,

9
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but if it should fall on a surface of black cloth, most of
it would be absorbed. White or light colors reflect
more of a given ray of light than dark colors; polished
surfaces reflect more than those which are unpolished,
and smooth surfaces more than rough.

8th. As all objects absorb more or less light, it fol-
lows that at each reflection the ray will become weaker
until it is no longer perceptible.

9th. Rays received from a luminous source are called
direct, and the parts of an object receiving these direct
rays are said to be in L1eHT. The portions of the sur-
face so situated as not to receive the direct rays are
said to be in suapE ; if the object receiving the direct
rays is opaque, it will prevent the rays from passing in
that direction, and the outline of its illuminated parts
will be projected on the nearest adjoining surface : the
figure so projected is called its sHapow.

10th. The parts of an gbject in shade will always be
lighter than the shadow, as the object recerves more or
Iess reflected light from the atmosphere and adjoining
objects, the quantity depending on the position of the
shaded surface, and on the position and quahty of the
surrounding objects.

11th. If an object were so situated as to receive only
a direct ray of light, without receiving reflected light
from other sources, the illuminated portion could alone
be seen; but for this universal law of reflection we
should be able to see nothing that is notilluminated by
the direct rays of the sun or by some artificial means.

12th. Rays of light proceeding in straight lines from
the surfaces of objects, meet in the front of the eye of
the spectator where they cross each other, and form an
inverted image on the back of the eye, of all dbjects
within the scope of vision.

13th. The size of the image so formed on the retina
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depends on the size and distance of the original; the
shape of the image depends on the angle at which it is
Seen.

Nore.—The size of objects diminishes directly as the distance
increases, appearing at ten times the distance, only a tenth part
as large; the knowledge of this fact has produced a system of
arithmetical perspective, which enables the draughtsman to pro-
portion the sizes of objects by calculation,

14th. The strength of the image depends on the de-
gree of illumination of the original, and on its distance
from the eye, objects becoming more dim as they re-
cede from the spectator.

15th. To give a better idea of the operation of the
eye in viewing an object, let us refer to fig. 1. The
circle A is intended to represent a section of the human
eye, H the .pupil in front, K the crystalline lens in
which the rays are all converged and cross each other,
and M the concave surface of the back of the eye called
the retina, on which the image is projected.

16th. Let us suppose the eye to be viewing the cross
B. C,and that the parallelogram JV. 0. P. Q represents
a picture frame in which a pane of glass is inserted;
the surface of the glass shightly obscured so as to allow
objects to be traced on it, then rays from every part of
the cross will proceed in straight lines to the eye, and
form the inverted image C. B on the retina. If with a
pencil we were to trace the form of the cross on the
glass so as to interrupt the view of the original object,
we should have a true perspective representation of the
original, -which would form exactly the same sized
image on the retina; thus the point & would intercept
the view of B, ¢ of C, d of Dand e of E, and if colored
the same as the original, the image formed from it
would be the same in every respect as from the original.

17th. If we move the cross B. C to F. G, the image




100 PLATE XXXIV.

formed on the retina would be much larger, as shewn
at G. F, and the representation on the glass would be
larger, the ray from F' passing through £, and the ray
from G passing through g, shewing that the same ob-
ject will produce a larger or smaller image on the re-
tina a» it advances to or recedes from the spectator;
the farther it recedes, the smaller will be the image
formed, until it becomes so small as to be invisible.

18th. Fig. 2 is given to elucidate the same subject.
If we suppose a person to be seated in a room, the
ground outside to be on a level with the bottom of the
window A. B, the eye at § in the same level line, and
a series of rods C. D. E. F of the same height of the
window to be planted outside, the window to be filled
with four lights of glass of equal size, then the ray from
the bottom of all the rods would pass through the bot-
tom of the window; the ray from the top of C would
pass through the top of the window ; from the top of D
a little farther off, it would pass through the third light;
the ray from E would pass through the middle, and F
would only occupy the height of one pane.

19th. Fig. 3. Different sized and shaped objects
may produce the same image; thus the bent rods .4
and C, and the straight rods B and D would produce
the same image, being placed at different distances
from the eye, and all contained in the same angle D.
S. E. As the bent rods .4 and C are viewed edgewise
they would form the same shaped image as if they weie
straight. The angle formed by the rays of light pass-
ing from the top and bottom of an object to the eye,
as D. 8. E, is called the vIsuaL ANGLE, and the
object is said to subtend an angle of so many degrees,
measuring the angle formed at S.

20th. Of FoRESHORTENING. When an object is
viewed obliquely it appears much shorter than if its
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side is directly in front of the eye; if for instance we
hold a pencil sidewise at arms length opposite the eye,
we should see its entire length ; then if we incline the
pencl a little, the side will appear shorter, and one of
the ends can also be seen, and the more the pencil
is inclined the smaller will be the angle subtended by
its side, until nothing but the end would be visible.
Again if a wheel be placed perpendicularly opposite the
eye, its rim and hub would shew perfect circles, and
the spokes would all appear to be of the same length,
but if we inchne the wheel a little, the circles will ap-
pear to be ellipses, and the spokes appear of different
lengths, dependant on the angle at which they are
viewed; the more the wheel is inclined the shorter will
be the conjugate diameter of the ellipsis, until the whole
would form a straight line whose length would be equal
to the diameter, and its breadth equal to the thickness
of the wheel. This decrease of the angle subtended
by an object, when viewed obliquely, is called fore-
shortening.

PLATE XXXV.

Ficure 1.

21st. If we suppose a person to be standing on level
ground, with his eye at S, the line .. F parallel to the
surface and about five feet above it, and the surface G.
E to be divided off mto spaces of five feet, as at B C.
D and E, then if from 8, with a radius S. G, we de-
scribe the arc /4. G, and from the pownts B. C. D and
E we draw lines to S, cutting the arc in H. K. L and
M, the distances between the lines on the arc, will rep-

9’
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resent the angle subtended in the eye by each space,
and if we adopt the usual mode for measuring an angle,
and divide the quadrant into 90°, it will be perceived
that the first space of five feet subtends an angle of 45°,
equal to one-half of the angle that would be subtended
by a plane that would extend to the extreme limits of
vision; the next space from B to C subtends an angle
of about 184°, from C to D about 8°, and from D to
E about 4}°, and the angle subtended would constantly
become less, until the divisions of the spaces would at
a short distance appear to touch each other, a space of
five feet subtending an angle so small, that the eye
could not appreciate it. It is this foreshortening that
enables us 1 some measure to judge of distance.

22nd. If instead of a level plane, the person at S be
standing at the foot of a hill, the surface being less in-
chned would diminish less rapidly, but if on the con-
trary he be standing on the brow of a hill looking down-
ward, it would diminish more rapidly; hence we de-
rive the following axiom: THE DEGREE OF FORE-
SHORTENING OF OBJECTS DEPENDS ON THE ANGLE AT
WHICH THEY ARE VIEWED.

23rd. PersPECTIVE may be divided into two
branches, LINEAR and AERIAL.

24th. LiNEAR PERSPECTIVE teaches the mode of
drawing the lines of a picture so as to convey to the
eye the apparent sHAPE or FIGuRE of each object from
the point at which it is viewed.

25th. AERrIAL PERSPECTIVE teaches the mode of
arranging the direct and reflected LicHTS, SHADES and
suapows of a picture, so as to give to each part its
requisite degree of tone and color, ,diminishing the
strength of each tint as the objects recede, until in the
extreme distance, the whole assumes a bluish gray
which is the color of the atmosphere. This branch of
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the art is requisite to the artist who would paint a land-
scape, and can be better learnt by the study of nature
and the paintings of good masters, than by any series
of rules which would require to be constantly varied.

26th, Linear perspective, on the contrary, is capable
of strict mathematical demonstration, and its rules must
be positively followed to produce the true figure of an
object.

DEFINITIONS.

27th, The perspEcTIVE PLANE is the surface on
whicl: the picture is drawn, and is supposed to be
placed in a vertical position between the spectator and
the object—thus in fig. 1, Plate 34, the parallelogram
N. O. P. O is the perspective plane.

28th. THE GROUND LINE or BASE LINE of a picture
is the seat of the perspective plane, as the line Q. P,
fig. 1, Plate 34, and G. L, fig. 2, Plate 35. )

29th. The Horizon. The natural horizon is the
line in which the earth and sky, or sea and sky appear’
to meet; the horizon in a perspective drawing is at
the height of the eye of the spectator. If the object
viewed be on level ground, the horizon will be about
five feet or five and a half feet above the ground line,
as it is represented by V. L, fig. 2. If the spectator
be viewing the object from an eminence, the horizon
will be higher, and if the spectator be lower than the
ground on which the object stands, the horizon will be
lower ; thus the horizon in perspective, means the
height of the eye of the spectator, and as an object may
be viewed by a person reclining on the ground, or
standing upnight “on the ground, or he may be elevated
on a chair or table, it follows that the horizon may be
made higher or lower, at the pleasure of the draughts-
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man ; but in a mechanical or architectural view of a
design, it should be placed about five feet above the
ground line.

Nore.~—The tops of all horizontal objects that are below the
honzon, and the under sides of objects above the honzon, will
appear more or less displayed as they recede from or approach to
the honizon.

30th. The sTaTION POINT, Oor POINT Of VIEW is the
position of the spectator when viewing the object or
picture.

31st. The point of sieur. If the spectator stand-
ing at the station point should hold his pencil horizon-
tally at the level of his eye in such a position that the
end only could be seen, it would cover a small part of
the object situated in the horizon ; this point is marked
as at §, fig. 2, and called the point of sight. It must
be remembered that the point of sight is not the position
of a spectator when viewing an object; but a point in
the horizon directly opposite the eye of the spectator,
and from which point the spectator may be at a greater
or less distance.

32nd. Points of pisTANCE are set off on the horizon
on either side of the point of sight as at D. IV, and
represent the distance of the spectator from the per-
spective plane. As an object may be viewed at dif-
ferent distances from the perspective plane, it follows
that these points may be placed at any distance from
the point of sight to suit the judgment of the draughts-
man, but they should never be less than the base of the

. picture,

Note 1.—Although the height of the horizon, and the points
of distance may be varied at pleasure, it 15 only from that distance
and with the eye on a level with the honzoff that a picture can
be viewed correctly.

Nore 2.—In the following diagrams the points of distance
have generally been placed within the boundary of the plates, as
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1t 1s 1mportant that the learner should see the pomts to which
the lines tend ; they should be copied with the points of distance
much farther off.

33rd. Visvarn Rays. All lines drawn from the ob-
ject to the eye of the spectator are called visual rays.

34th. The MIDDLE RAY, OF CENTRAL VISUAL RAY IS
a line proceeding from the eye of the spectator to the
point of sight ; external visual rays are the rays pro-
ceeding from the opposite sides of an object, or from
the top and bottom of an object to the eye. 'The angle
formed in the eye by the external rays, is called the
visual angle.

Norg.—The perspective plane must always be perpendicular
to the middle visual ray.

35th. Vanisnive Points. It has been shewn ats
fig. 1 in this plate that objects of the same size subtend
a constantly decreasing angle in the eye as they recede
from the spectator, until they are no longer visible;
the point where level objects become invisible or appear
to vanish, will always be in the horizon, and is called
the vanishing point of that object.

36th. The pornt of sicur is called the prRiNcIPAL
VANISHING POINT, because all horizontal objects that
are parallel to the middle visual ray will vanish in that
point. If we stand in the middle of a street looking
directly toward its opposite end as in Plate 46, (the
Frontispiece, ) all horizontal lines, such as the tops and
bottoms of the doors and windows, eaves and cornices
of the houses, tops of chimnies, &c. will tend toward
that point to which the eye is directed, and if the lines
were continued they would' unite in that point. Again,
if we stand in the middle of a room looking towards its
opposite end, the joints of the floor, corners of ceiling,
washboards and the sides of furniture ranged against
the side walls, or placed parallel to them, would all tend
to a point in the end of the room at the height of the eye.




106 PLATE XXXYV.

37th. The vanisuinNg poinTs of horizontal objects
not parallel with the middle ray will be in some point
of the horizon, but not in the point of sight. These
vanishing ponts are called accidental points.

38th. DraconNars. Lines drawn from the perspec-
tive plane to the point of distance as V. D' and O. D,
or from a ray drawn to the point of sight as E. IV and
F. D, are called diagonals; all such lines represent
lines drawn atan angle of 45° to the perspective plane,
and form as in this figure the diagonals of a square,
whose side is parallel to the perspective plane.

39th, Of vasisuing PLANES. On taking a position
in the middle of a street as described in paragraph 36,
it is there stated that all lines will tend to a point in
the distance at the height of the eye, called the point
of sight, or principal vamshing point; this is equally
true of horizontal or vertical planes that are parallel to the
middle visual ray : for if we suppose the street between
the curb stones, and the side walks of the street to be
three parallel horizontal planes as in Plate 46, their
boundaries will all tend to the vanishing point, until at
a distance, depending on the breadth of the plane, they
become invisible. Again, the walls of the houses on
both sides of the street are vertical planes, bounded by
the eaves of the roofs and by thei: intersection with the
horizontal planes of the side walks, these boundaries
would also tend to the same point, and if the rows of
houses, were continued to a sufficient distance, these
planes would vanish in the same point; if the back
walls of the houses are parallel to the front, the planes
formed by them will vanish in the same point, and if
any other streets should be running parallel to the first,
their horizontal and vertical planes would all tend to
the same point.

Nore.~-A BirD’S EYE VIEW of the streets of a town laid out
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regularly, would fully elucidate the truth of the remarks m this
paragraph. When the horizon of a picture 1s placed very high
above the tops of the houses, as if the spectator were placed on
some very elevated olyject, or If seen as a bird would see 1t when
on the wing, the view 1s called a bird’s eye view; 1n a representa-
tion of this kind the tops of all objects are visible, and the tenden-
cy of all the planes and hines paraliel to the middle visual ray to
vanish 1n the pont of sight, 18 very obvious.

40th. If we were viewing a room as described in
paragraph 36, the ceiling and floor would be horizontal
planes, and the walls vertical planes, and if extended
would all vanish in the point of sight; or if we were
viewing the section of a house of several stories in
height, all the floors and ceilings would be horizontal
planes, and all the parallel partitions and walls would
be vertical planes, and would all vanish in the same
point.

41st. When the BOUNDARIES OF INCLINED PLANES
are horizontal lines parallel to the middle ray, the planes
will vanish in the point of sight; thus the roofs of the
houses in Plate 46, bounded by the horizontal lines of
the eaves and ridge, are inclined planes vanishing in
the point of sight.

42nd. PLANES PARALLEL TO THE PLANE OF THE
picTURE have no vanishing point, neither have any
hines drawn on such planes.

43rd. VERTICAL OR HORIZONTAL PARALLEL PLANES
running at any inclination to the middle ray or perspec-
tive plane, vanish in accidental points in the horizon,
as stated in paragraph 37; as for example, the walls
and bed of a street running diagonally to the plane of
the picture, or of a single house as in Plate 45, where
the opposite sides vanish in accidental points at differ-
ent distances from the point of sight, because the walls
form different angles with the perspective plane, as
shewn by the plan of the walls B. D and D. C, fig. 1.
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44th. ALL HORIZONTAL LINES DRAWN ON A PLANE,
or running parallel to a plane, vanishin the same point
as the plane itself.

45th. INcLiNED LINEs vanish in points perpendicu-
larly above or below the vanishing point of the plane,
and if they form the same angle with the horizon in
different directions as the gables of the house in fig. 2,
Plate 45, the vanishing points will be equidistant from
the horizon.

From what has been said we derive the following
Axrous ; their importance should induce the student to
fix them well in his memory :

Ist. The ANGLE OF REFLECTION OF LIGHT iIs equal
to the angle of incidence. See paragraph No. 3, page
96.

2nd. The smapow of an object is always darker
than the object itself. See paragraph 10, page 98.

3rd. The PEGREE OF FORESHORTENING of objects
depends on the angle at which they are viewed. See
paragraph 20, page 100.

4th. The ApPaRENT s1zE of an object decreases ex-
actly as its distance from the spectator is increased.—
See paragraph 35, p. 105.

5th. PARALLEL pPLANES and LINES vanish to a
common point. See paragraph 36, page 105.

6th. ALL PARALLEL PLANES whose boundaries are
parallel to the middle visual ray, vanish in the point
of sight. See paragraph 36, page 105.

7th. ALL HoRizoNTAL LINEs parallel to the middle
ray vanish in the point of sight.

8th. HorizoNTAL LINES AT AN ANGLE of 45° with
the plane of the picture, vanish in the points of dis-
tance. See paragraph 38, page 106,

Oth. PLANES AND LINES PARALLEL TO THE PLANE
OF THE PICTURE have no vanishing point.
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PRACTICAL PROBLEMS.

1st. To draw the perspective representation of the
square N. O. P. Q, viewed in the direction of the line
W. B, with one of its sides N. O touching the perspec-
tive plane G. L, and parallel with it.

1st. Draw the horizontal line V. L at the height of
the eye.

2nd. From C, the centre of the side V. O, draw a
perpendicular to V. L, cutting it in S. Then S'is the
point of sight or the principal vanishing point, and C.
S the middle visual ray.

3rd. As the sides V. P and 0. Q are parallel to the
middle ray C. S, they will vanish in the point of sight.
Therefore from JV' and O draw rays to §; these are
the external visual rays.

4th. From S, set off the points of distance D. IV at
pleasure, equidistant from S, and from N and O, draw
the diagonals JV. IY and O. D. Then the intersection
of these diagonals with the external visual rays deter-
mine the depth of the square.

5th. Draw E. F parallel to V. O, Then the trape-
zoid VU O. E. F is the perspective representation of

the given square viewed at a distance from W on the
line W. B, equal to S. D,

2nd. To draw the Representation of another Sguare
of the same size immediately in the rear of E. F.
1st. From E, draw E. I, intersecting O. S in E,
and from F, draw F. D, intersecting V. §in B.
2nd. Draw B. H parallel to E. F, which completes
the second square; and the trapezoid .V, O. H. B is

the representation of a parallelogram whose side 0. H
is double the side of the given square.

10
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Nore —If from W on the hne W. B we set off 1he distance
S. D, extending 1n the example outside of the plate, (which rep-
resents the distance from which the picture 1= viewed,) and from
JV and O draw rays to the point so set off, cuttng P. Q m R
and T, then the lines R. T and E. F will be of equal length, and
prove the correctness of the diagram,

PLATE XXXVI.

Ficure 1.

To draw a Perspective Plan of a Square and divide it
into a given nuymber of Squares, say sixty-four.

Let G. L be the base line, V. L the horizon, § the
point of sight, and JV. O the given side of the square.

1st. From J¥ and O, draw rays to S and diagonals
to D. D, intersecting each other in P and Q, draw
P. Q.

2nd. Divide JV. O into eight equal parts, and from
the points of division draw rays to S.

3rd. Through the points of intersection formed with
those rays by the diagonals, draw lines parallel to JV.
0, which will divide the square as required, and may
represent a checker board or a pavement of square
tiles.

Or Harr DisTANCE.

‘When the points of distance are too far off to be used
conveniently, half the distance may be used; as for ex-
ample, if we bisect 8. D in ¢ D, and V. Oin C, and
draw a line from C to ¢ D, it will intersect V. Sin P,
being in the same point as by the diagonal drawn from
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O the opposite side of the square, to the whole distance
at D.
Nore.—Any other fraction of the distance may be used, pro-

vided that the divisions on the base line be measured proportion-
ately.

Ficure 2.

To draw the Plan of a Room with Pilasters at its sides,
the base line, horizon, point of sight, and points of
distance given.

Nore.—To avoip rEpETITIONS in the follwwing diagrams, we
shall suppose the base line, the horizon V. L, the point of sight S, and
the points of distance D. D to be given.

1st. Let JV. O be the width of the proposed room,
then draw JV. 8 and O. § representing the sides of the
room.

2nd. From JV toward O lay down the width of each
pilaster, and the spaces between them, and-draw lines
to D, then through the points where these lines inter-
sect the external visual ray JV. §, draw lines parallel
with JV. O to the line O. S.

3rd. From JV and O, set off the projection of the
pilasters and draw rays to the point of sight. The
shaded parts shew the position of the pilasters.

4th. If from J¥' we lay off the distances and widths
of the pilasters toward JM, and draw diagonals to the
opposite point of distance, V. § would be intersected
in exactly the same points.

Nore —Any rectangular obyect may be put in perspective by
this method, without the necessity of drawing a geometrical plan,
as the dimensions may sall be laid off on the ground hne by any
scale of equal parts.
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Ficure 3.

To shorten the depth of a perspective drawing, thereby
producing the same effect as if the points of dis-
tance were removed much farther off.

1st. Let all the principal lines be given as above,
and the pilasters and spaces laid off on the base line
fiom JV.

2nd. From the dimensions on the base line draw
diagonals to the point of distance D. The diagonal
from M the outside pilaster will intersect V. Sin P.

3rd. From JV erect a perpendicular JV. B to inter-
sect the diagonals, and from those intersections draw
horizontal lines to intersect JV. S.

4th, If from JV we draw the inclined line V. E and
transfer the intersections from it to V. O, it will reduce
the depth much more, as shown at O. S,

Most of the foregoing diagrams imay be drawn as
well with one point of distance as with two,

PLATE XXXVII.
TESSELATED PAVEMENTS.

Ficure 1.

To draw a pavement of square files, with their sides
placed diagonally to the perspective plane.

1st. Draw the perspective square V. 0. P. Q.

2nd. Divide the base line JV. O into spaces equal to
the diagonal of the tiles.

3rd. From the divisions on V. O draw diagonals to
the points of distance, and from the intersections of the
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diagonals with the external rays draw other diagonals
to the opposite points of distance.

4th. Tint every alternate square to complete the
diagram.

Ficure 2.

To draw a pavement of square black tiles with a white
border around them, the sides of the squares parallel
to the perspective plane and middle visual ray.

1st. Draw the perspective square, and divide X. O
into alternate spaces equal to the breadth of the square
and borders.

2nd. From the divisions on X. O draw rays to
the point of sight, and from X draw a diagonal to the
point of distance.

3rd. Through the intersections formed by the diago-
nal, with the rays drawn from the divisions on X. O,

draw lines parallel to X. O, to complete the small
squares.

Ficure 3.

To draw a Pavement composed of Hexagonal and
Square Blocks.

1st. Divige the diameter of one of the proposed
hexagons a. b into three equal parts, and from the
points of division draw rays to the point of sight.

2nd. From @, draw a diagonal to the point of dis-
tance, and through the intersections draw the parallel
lines.

3rd. From 1, 2, 3 and 4, draw diagonals to the

opposite points of distance, which complete the hexa-
gon.

0*

-



114 PLATE XXXVIIL

4th Lay off the base line from a and b into spaces
equal to one-third of the given hexagon, and draw rays
from them to the point of sight; then draw diagonals
as in the diagram, to complete the pavement.

PLATE XXXVIII.

Ficure 1.

T draw the Double Square E. F. G. H, viewed diago-
nally, with one of its corners touching the Perspective
Plane.

1st. Prolong the sides of the squales as shewn by
the dotted lines to intersect the perspective plane.

2nd. From the points of intersection, draw diagonals
to the points of distance, their intersections form the
diagonal squares.

3rd. The square A. B. V. O is drawn around it on
the plan and also in perspective, to prove that the same
depth and breadth is given to objects by both methods
of projection.

Ficure 2.

To draw the Perspective Representation of g Circle
viewed directly in_front and touching the Perspective
Plane.

Find the position of any number of points in the Curve.

1st. Circumsecribe the cirele with a square, draw the
diagonals of the square P. O and V. Q, and the di-
ameters of the circle . B and E. F, also through the
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intersections of said diagonals with the circumference,
draw the chords R. R, R. R, continued to meet the
line G. L in Yand Y/

2nd. Put the square in perspective as before shewn,
draw the diagonals . IV, and O. D, and the radials
Y. Sand Y S.

3rd. From A, draw A. S, and through the intersec-
tion of the diagonals draw E. F parallel to J¥. O.

4th. Through the points of intersection thus found,
viz: A. B. E. F. R. R. R. R trace the curve.

Note 1.—This method gives eight ponts through which to
trace the curve, and as these points are equidistant in the plan, it
follows that 1f the pomts were joined by nght hnes 1t would give
the perspective representation of an ocracon. By drawing di-
ameters midway between those already drawn on the plan, eight
other points 1 the curve may be found. This would give six-
teen pomts in the curve, and render the operation of racing much
more correct.

Note 2 —A cIrRCLE in perspective may be considered as a po-
lygon of an infimte number of sides, or as a figure composed of
an mfinite number of points, and as any point in the curve may
be found, 1t follows that every point may be found, and each be
posively designated by an intersection ; i practice of course this
18 unnecessary, but the student should remember, that the more

pomts he can posutively designate without confusion, the more
correct will be the representation.

PLATE XXXIX.
LINE OF ELEVATION

Ficure 2

Is the plan of a square whose side is nine feet, each
side is divided into nine parts, and lines from the divi-
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sions drawn across in opposite directions ; the surface
is therefore divided into eighty-one squares. G. L,
fig. 1, is the base line and D. D the horizon.

1st.—To put the plan with its divisions in perspective,
one of its sides N. O to coincide with the perspective
plane.

Transfer the measures from the side JV. O, fig. 2,to
to V. O on the perspective plane fig. 1, and put the
plan in perspective by the methods before described.

2nd.—To erect square pillars on the squares N. Q. W,
12 feet high and one jfoot diameter, equal to the
size of one of the squares on the plan.

1st. Erect indefinite perpendiculars from the corners
of the squares.

2nd. On JV. / one of the perpendiculars that touches
the perspective plane lay off the height of the column
JNV. M from the accompanying scale, then V. M 1s 4
LINE OF HEIGHTS on which the true measures of the
heights of all objects must be set.

3rd. Two lines drawn from the top and bottom of an
object on the line of heights to the point of sight, point
of distance, or to any other point in the horizon, forms
a scale for determining similar heights on any part of
the perspective plan. To avoid confusion they are
here drawn to the point B.

4th. Through M draw M. C parallel to V. O, and
from C draw a line to the point of sight which deter-
mines the height of the side of the column, and also of
the back column erected on @, and through the inter-
section of the lhine C. § with the front perpendicular,
draw a horizontal line forming the top of the front side
of the column Q.
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5th. To determine the height of the pillarat W, 1st,
draw a horizontal hne from its foot intersecting the
proportional scale V. B in ¥; 2nd. from Y drawa
vertical line intersecting M. B in X; then Y. X is the
height of the front of the column W. By the same
method the height of the column Q may be determined
as shewn at R. T.

3rd.—To draw the Caps on the Pillars.

1st. On the line C. E a continuation of the top of
the front, set off the amount of projection C. E, and
through E draw a ray to the point of sight.

2nd. Through C draw a diagonal to the point of
distance, and through the point of intersection of the
diagonal with the ray last drawn, draw the horizontal
line H forming the lower edge of the front of the cap.

3rd. Through M draw a diagonal to the opposite
point of distance, which determines the position of the
corners H and K, from H draw a ray to the point of
sight.

4th. Erect perpendiculars on all the corners, lay off
the height of the front, and draw the top parallel with
the bottom. A ray from the corner to the point of
sight, will complete the cap.

‘The other caps can be drawn by similar means.

As a pillar is a square column,the terms are here
used indiscriminately.

4th.—To erect Square Pyramids on O and P of the
same height as the Pillars, with a base of four square
Jeet, as shewn in the plan.

1st. Draw diagonals to the plan of the base, and
from their intersection at R’ draw the perpendicular
R!'T,
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2nd. From R’ draw a line to the proportional scale
JNV. B, and draw the vertical line Z. G, which is the
height of the pyramid.

3rd. Make R.! T” equal to Z. G, and from the cor-
ners of the perspective plan draw lines to 77, which
complete the front pyramid.

4th. A line drawn from 7' to the point of sight will
determine the height of the pyramid at a.

Nore 1.—The point of sight S shewn in front of the column
W, must be supposed to be really a long distance behmd 1t, bat
as we only see the end of a line proceeding from the eye to the
point of sight, we can only represent 1t by a dot.

Nore 2.—A part of the front colunra has been omitted for the
purpose of shewing the perspective sections of the remaming
parts, the sides of these sections are drawn toward the pomt of
sight, the front and back lines are horizontal. The uppersection
is a hittle farther removed from the horizon, and 1s consequently a
hitde wider than the lower section. This may be taken as an il-
Justration of the note to paragraph 29 on page 104, to which the
reader 1s referred.

Nore 3.—The dotted lines on the plan shew the direction and
boundaries of the shadows ; they have been projected at an angle
of 45° with the plane of the picture.

PLATE XL.

Ficore 1.

To draw a Series of Semicircular Arches viewed direct-
ly in front, forming a Vaulted Passage, with pro-
jecting ribs at infervals, as shewn by the tinted plan
below the ground line.

1st. From the top of the side walls V. I'and O. K,
draw the front arch from the centre H, and radiate the
joints to its centre.
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2nd. From the centre H and the springing lines of
the arch, and from the corners .4 and JM draw rays to
the point of sight.

3rd. From ./ and M set off the projection of the ribs,
and draw rays from the points so set off to the point of
sight.

4th. Transfer the measurements of A", B'. OV, &e.
on the plan, to A'. B'. ', &c., on the ground line, and
from them draw diagonals to the point of distance, in-
tersecting the ray /. §in B..C. D, &e.

5th. From the points of intersection in /4. §draw
lines parallel to the base line to intersect M. 8. This
gives the perspective plans of the ribs.

6th. Erect perpendiculars from the corners of the
plans to intersect the springing lines, and through these
intersections draw horizontal dotted lines, then the
points in which the dotted lines intersect the ray drawn
from H the centre of the front arch, will be the centres
for drawing the other arches; R being the centre for
describing the front of the first rib.

7th. The joints in the fronts of the projecting ribs
radiate to their respective centres, and the joints in
the soffit of the arch radiate to the point of sight.

Nore.—No attempt is made m this diagram to project the

shadows, as it would render the lines too obscure. But the front
of each projection is tinted to make it more conspicuous.

Ficure 2.

To draw Semicircular or Pointed Arcades on either
side of the spectator, running parallel to the middle
visual ray. N. P and Q. O the width of the arches
being given, and P. Q the space between them.

1st. From J¥. P. Q and O erect perpendiculars,
make them all of equal length, and draw E. Fand M. J.
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2nd. ForR THE SEMICIRCULAR ARCHES, bisect E. F
in C, and from E. C. F. O and Q, draw rays to the
point of sight.

3rd. From C; describe the semicircle E. F.

4th. Let the arches be the same distance apart as
the width Q. O, then from O draw a diagonal to the
point of distance, cutting Q. 8 in R, from R draw a
diagonal to the opposite point of distance cutting O.
Sin ¥, from V draw a diagonal to D, cutting Q. §in
W, and from Wto IV, cutting 0. §n X.

5th. Through R. V. W and X, draw horizontal lines
to intercept the rays 0. S and Q. §, and on the inter-
sections erect perpendiculars to meet the rays drawn
from E and F.

6th. Connect the tops of the perpendiculars by hori-
zontal hines, and from their intersections with the ray
drawn fiom C in-1, 2, 3 and 4, describe the retiring
arches.

7th. For THE GOTHIC ARCHES, (let them be drawn
the same distance apart as the semicircular,) continue
the horizontal lines across from R and V, to intersect
the rays P. § and V. §, and from the points of inter-
section erect perpendiculars to intersect the rays drawn
from M and J.

8th. From M and J successively, with a radius M.
J, describe the front arch, and from H the crown, draw
a ray to §; from A and B with the radius .. B, de-
scribe the second arch, and from K and L, describe the
third arch.

Note.—All the arches in this plate are parallel to the plane of
the picture, and although each succeeding arch 1s smaller than
the arch in front of it, all may be described with the compasses.
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PLATE XLI.
TO DESCRIBE ARCHES ON A VANISHING PLANE.

Ficure 1.

The Front Arch A. N. B, the Base Line G. L, Hori-
zon D. S, Point of Sight S, and Point of Distance D,
being given.

1st. Draw H. J across the springing line of the arch,
and construct the parallelogram E. F. J. H.

2nd. Draw the diagonals H. F' and J. E, and a hori-
zontal line K. M, through the points where the diago-
nals intersect the given arch. Then H. K. V. M and
J, are points in the curve which are required to be
found in each of the lateral arches.

3rd. From Fand B, draw rays to the point of sight
S. 'Then if we suppose the space formed by the tri-
angle B. 8. F to be a plane surface, it will represent
the vanishing plane on which the arches are to be
drawn.

4th. From B, set off the distance B. A to Z, and
draw rays from Z. J and C, to the point of sight.

5th. From Z, draw a diagonal to the point of dis-
tance, cutting B. S'in O; through O, draw a horizon-
tal line cutting Z. S in P; from P, draw a diagonal
intersecting B. § in Q; through Q, draw a horizontal
line, cutting Z. S in R, and so on for as many arches
as may be required.

6th From O. Q. S and U, erect perpendiculars,
cutting F. Sin V. W. X and Y.

11
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7th. Draw the diagonals J. V, F. I, &c. as shewnin
the diagram, and from their intersection erect perpen-
diculars to meet F. §; through which point and the
intersections of the diagonals with C. § trace the curves.

Ficure 2.

To draw Receding Arches on the Vanishing Plane J.
S. D, with Piers between them, corresponding with
the given front view, the Piers to have a Square Base
with a side equal to C. D.

1st. From D on the base line, set off the distances
D.C,C. B and B. A to D. E, E. F and F. G, and
from E. F. G, &c. draw diagonals to the point of dis-
tance to intersect D. S.

2nd. From the intersections in D. S, erect perpen-
diculars; draw the parallelogram M. JV. H. I around the
given front arch, the diagonals M. I and H. JV, and
the horizontal line L. K, prolong H. I to J and M. V'
to V.

3rd. From B. C. D. M. f. J. K and V¥, draw rays
to the point of sight, put the parallelograms and diago-
nals in perspective at 0. P. V, Wand at Q. W. R. X
and draw the curves through the points as in the last
diagram.

4th. From 7 where E. I’ cuts D. S, draw a horizon-
tal line cutting B. S in &, and from % erect a perpen-
dicular cutting M. Sin k.

5th. From Y, the centre of the front arch, draw a
ray to the point of sight, and from k, draw a horizontal
line intersecting it in Z. 'Then Z is the centre for de-
scribing the back line of the arch with the distance Z.
k for a radius.
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Nore.—The backs of the side arches are found by the same
method as the fronts of those arches. The lines are omitted to
avoid confusion.

The projecung cap in this diagram is constructed in the same
manner as the caps of the pillars in Plate 30.

PLATE XLIIL

APPLICATION OF THE CIRCLE WHEN PARAL-
LEL TO THE PLANE OF THE PICTURE,

V. L is the horizon, and § the point of sight.

Ficure 1.

To draw a Semicircular Thin Band placed above the
horizon.

Let the semicircle 4. B represent the front edge of
the band, .A. B the diameter, and C the centre.

1st. From A. C and B, draw rays to the point of
sight.

2nd. From C the centre, lay off toward B, the
breadth of the band C. E.

3rd. From E, draw a diagonal to the point of dis-
tance, intersecting C. Sin F. Then F is the centre for
describing the back of the band.

4th. Through F, draw a horizontal line intersecting
A. Sin K,and B. S in L. Then F. K or F. L is the
radius for describing the back of the band.
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Ficure 2.

To draw a Circular Hoop with its side resting on the
Horizon.

The front circle 4. H. B. K, diameter .A. B, and
centre C being given,

Ist. From A. C and B, draw rays to the point of
sight.

2nd. From C the centre, lay off the breadth of the
hoop at E.

3rd. From E, draw a diagonal to D’, intersecting
C. Sin F, and through F, draw a horizontal line inter-
secting /4. Sin K, and B. S'in L.

4th. From F with a radius F. L or F. K, describe
the back of the curve.

.

Figure 3.

To draw a Cylindrical Tub placed below the Horizon,
whose diameter, depth and thickness are given.

1st. From the centre C describe the concentric cir-
cles forming the thickness of the tub, lay off the staves
and radiate them toward C.

2nd. Proceed as in figs. 1 and 2 to draw rays and a
diagonal to find the point F, and from F describe the
back cireles as before; the hoop may be drawn from F,
by extending the compasses a little.

3rd. Radiate all the lines that form the joints on the
sides of the tub toward the point of sight.

Fieure 4

Is a hollow cylinder placed below the horizon, and
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must be drawn by the same method as the preceding
figures ; the letters of reference are the same.

Nore.—The objects in this Plate are tinted to shew the differ-
ent surfaces more disunctly, without attempting to project the
shadows.

PLATE XLIII.

The object and point of view given, to find the Perspec-
tive Plane and Vanishing Points.

Rule 1.—The PERSPECTIVE PLANE must be drawn
perpendicular to the middle visual ray.

Rule 2.—The VanisHing Point of a line or plane
is found by drawing a line through the station point,
parallel with such line or plane to intersect the perspec-
tive plane. 'The point in the hornizon immediately over
the intersection so found, is the vanishing point of all
horizontal lines in said plane, or on any plane parallel
to it.

1st. Let the parallelogram E. F. G. H be the plan
of an object to be put in perspective, and let @ be the
position of the spectator viewing it, (called the point
of view or station point,) with the eye directed toward
K, then Q. K will be the central visual ray, and K the
point of sight. Draw F. Q and H. Q, these are the
external visual rays.

Nore.—The student should refer to paragraphs 30 and 31, p.
104, for the definitions of station point and point of sight.

2nd. Draw P. O at right angles to Q. K, touching
the corner of the given object at E, then P. O will be
the base of the perspective plane.

11*
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Nore—Tlns positon of the perspective plane, is the farthest
point from the spectator at which it can be placed, as the whole
of the object viewed must be behind 1t; but it may be placed at
any mtermediate point nearer the spectator parallel with P. O.

3rd. Through Q draw Q. P parailel with E. F, in-
tersecting the perspective plane in P, then P is the van-
ishing point of the lines E. F aend G. H.

4th. Through Q draw Q. O, parallel to E. H, inter-
secting the perspective plane in O, then O is the van-
ishing point for E. H and F. G.

Hth. If we suppose the station point to be removed
to J, then A. M will be the central visual ray, 4. F
and A. H the external rays, and B. D the perspective
plane, B the vanishing point of E. F and G. H, and
the vanishing point of E. H and F. G will be outside
the plate about vii inches distant from .4, in the direc-
tion of A. C.

6th. If the station point be removed to K, it will be
percetved that E. If and F. G will have no vanishing
point, because they are perpendicular to the middle ray,
and a line drawn through the station point parallel with
the side E. H will also be parallel with the perspective
plane, consequently could never intersect it.

7th. The sides E. F and G. H of the plan, would
vanish in the point of sight, but if an elevation be
drawn on the plan in that position which should extend
above the horizon, then neither of those sides could be
seen, and the drawing would very nearly approach to a
geometrical elevation of the same object.

Note.—In the explanation of this plate, the intersections giv-
ing the point of sight and vanishing points, are made 1n the per-
spective plane, which the student will remember when used
this connection, 1s equivalent to the base line or ground hne of
the picture, bemng the seat or position of the plane on which the
drawing is to be made; but we must suppose these points to be
elevated to the height of the eye of the spectator; mn practice, these
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points must be set off on the horizontal Ime as desenibed in para-
graph 32, page 104.

PLATE XLIV.

To delineate the perspective appearance of a Cube view-
ed accidentally and situated beyond the Perspective
Plane,

Ficure 1.

Let A. B. C. D be the plan of the cube, S the sta-
tion point, S. T' the middle visual ray and B. L the
base line, or perspective plane.

1st. Continue the sides of the plan to the perspec-
tive plane as shewn by the dotted lines, intersecting it
in M. E. ¥ and O.

" 2nd. From the corners of the plan draw rays to the
station point, intersecting the perspective plane in a. d.
b. c.

3rd. Through 8, draw S. F parallel to /4. D, and 8.
G parallel to D. C. Then F is the vanishing point for
the sides A. D and B. C; and G is the vanishing point
Jor the sides A. B and D. C.

Ficure 2.

4th. Transfer these intersections from B. L, fig. 1,
to B. L, fig. 2, and the vanishing points Fand G to
the horizon, as shewn by the dotted lines.

5th. ¥rom E and JM, draw lines to the vanishing
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point G, and from N and O, draw lines to the vanish-
ing point F. Then the trapezium A. B. C. D formed
by the intersection of these lines, is the perspective view
of the plan of the cube.

6th. To prRaw THE ELEVATION. At M. E. JV and
O erect perpendiculars and make them equal to the
side of the cube.

Tth. From the tops of these perpendiculars draw lines
to the opposite vanishing points as shewn by the dotted
lines, their intersection will form another trapezium
parallel to the first, representing the top of the cube.

8th. From .4. D and C; erect perpendiculars to com-
plete the cube.

Note.—It 1s not necessary to erect perpendiculars from all the
pomnts of intersection, to draw the representation, but 1t is done
here, to prove that the height of an object may be set on any per
pendicular erected at the pont where the plane, or line, or a con-
unuation of a line intersects the perspective plane; one such line
of elevation 1s generally sufficient.

9th. To draw the figure with one line of heights,
proceed as follows: from JA. D and C, erect indefinite
perpendiculars.

_10th. Make E. H equal to the side of the cube, and
from H draw a line to G, cutting the perpendiculars
from D and C i K and L.

11th. From K, draw a line to F) cutting /4. Pin P;
from L, draw a hine to F, and from P, draw a line to
G, which completes the figure.

Nore —The swdent should observe how the lines and hori-
zontal planes become dimmished as they approach toward the
horizon, each successive line becoming shorter, and each plane
nanower unul at the height of the eye, the whole of the top
would be represented by a straight hne. I would here remark,
that 1t would very matenally aid the student in his knowledge
of perspective, if he would always make it a rule to analyze the
parts of every diagram he draws, observe the changes which
take place in the forms of objects when placed in different posi-
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tions on the plan, and when they are placed above or below the
horizon at different distances; this would enable him at once to
detect a false hne, and would also enable him to sketch from.
nature with accuracy. Practice this always unul it becomes a
HABIT, and I can assure you 1t will be a source of much grau-
fication.

PLATE XLV.

TO DRAW THE PERSPECTIVE VIEW OF A ONE
STORY COTTAGE, SEEN ACCIDENTALLY.

Ficure 1.

Let A. B. C. D be the plan of the cottage, twenty
feet by fourteen feet, drawn to the accompanying scale ;
the shaded parts shew the thickness of the walls and
position of the openings, the dotted lines outside
parallel with the walls, gise the projection of the roof,
and the square E. F. G. H, the plan of the chimney
above the roof.

Let P. L be the perspective plane and S the station
point.

1st. Continue the side B. D to intersect the per-
spective plane in H, to find the position for a line of
heights,

2nd. From all the corners and jambs on the plan,
draw rays toward the station point to intersect the per-
spective plane.

3rd. Through & draw a line parallel to the side of
the cottage D. C, to intersect the perspective plane in
L. This gives the vanishing point for the ends of the
building and for all planes parallel to it, viz : the side
of the chimney, and jambs of the door and windows.
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4th. Through & draw a line parallel with B. D, to
intersect the perspective plane, which it would do at
‘some distance outside of the plate; this intersection
would be the vanishing point for the sides of the
cottage, for the tops and bottoms of the windows, the
ridge and eaves of the roof, and for the front of the
chimney.

Figure 2.

Let us suppose the parallelogram P L. W. X fo be a
separate piece of paper laid on the other, its top edge
coinciding with the perspective plane of fig. 1, and
its bottom edge W. X to be the base of the picture,
then proceed as follows :

1st. Draw the horizontal line R. T parallel to W. X
and five feet above it.

2nd. Draw H. K perpendicular to P. L for a line of
heights,

3rd. Draw a line from K to the vanishing point
without the picture, which we will call Z; this will
represent the line H. B of fig. 1, continued indefinitely.

4th. From b and d draw perpendiculars to intersect
the last line drawn, in o and e, which will determine the
perspective length of the front of the house.

5th. On K. H set off twelve feet the height of the
walls, at O, and from O draw a line to the vanishing
point Z, intersecting d. e in m and b. 0 in n.

6th. From m and e draw vanishing lines to T, and
a perpendicular from ¢ intersecting them in Y and s;
this will give the corner Y, and determine the depth of
the building.

7th. Find the centre of the vanishing plane repre-
senting the end, by drawing the diagonals ;. Y and e. s,
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and through their intersection draw an indefinite per-
pendicular u. », which will give the position of the gable.

8th. To FIND THE HEIGHT OF THE GABLE, set off
its proposed height, say 7 07, from O to JV on the line
of heights, from JV'draw a ray to Z, intersecting e. d in
W, and from W draw a vanishing line to T intersecting
w. v in v, then v is the peak of the gable.

9th. Join m. », and prolong it to meet a perpen-
dicular drawn threugh the vanishing point T, which it
will do in ¥, then V 1s the vanishing point for the in-
clined lines of the ends of the front half of the roof.
The ends of the backs of the gables will vanish ina
point perpendicularly below ¥, as much below the
horizon as ¥V is above it.

10th. For teE Roor. Through v drawv. yto Z
without, to form the ridge of the roof| from f let fall a
perpendicular to intersect y. v in w, through w draw a
line to the vanishing point ¥ to form the edge of the
roof. From d let fall a perpendicular to intersect V.
w, and from the point of intersection draw a line to Z
to form the front edge of the roof, from e let fall a per-
pendicular to define the corner z, and from z draw a
line to V intersecting w. y in y, which completes the
Jront half of the roof; from w draw a line to the van-
ishing point below the horizon, from ¢ let fall a perpen-
dicular to intersect it in g, and through g draw a line
to Z, which completes the roof.

11th. For taE CaiMvEY. Set off its height above
the ridge at M, from M draw a line toward the vanish-
ing point Z, intersecting 0. b in U, from U draw a line
to the vanishing point T, which gives the height of the
chimney, bring down perpendiculars from rays drawn
from G. F and E, fig. 1, and complete the chimney by
vanishing lines drawn for the front toward Z and for
the side toward T.
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12th. For tae Door aAND Winbows. Set off their
heights at P. Q and draw lines toward Z, bring down
perpendiculars from the rays as before, to intersect the
lines drawn toward Z; these lines will determine the
breadth of the openings. The breadth of the jambs are
found by letting fall perpendiculars from the points of
intersection, the top and bottom lines of the jambs are
drawn toward T.

Note 1.—As the bottom of the front fence if continued, would
mtersect the base line at K the foot of the line of heights, and us
top 1s in the horizon, it 18 therefore five feet high.

Nore 2.—~The whole of the lines in this diagram have been
projected according to the rules, to explan to the learner the
methods of domg so, and 1t will be necessary for hun to do so
until he 1s perfectly familiar with the subject. Butif he will fol-
low the rule laid down at the end of the description of the last
plate, he will soon be enabled to complete his drawing by hand,
after projecting the principal lies, but 1t should not be attempted
too early, as 1t will beget a careless method of drawing, and pre-
vent him from acquiring a correct judgment of proportions.

PLATE XLVI.

THE FRONTISPIECE

Is a perspective view of a street sixty feet wide, as
viewed by a person standing in the middle of the
street at a distance of 134 feet from the perspective
plane, and at an elevation of 20 feet from the ground to
the height of the eye. The horizon is placed high for
the purpose of shewing the roofs of the two story
dwellings.
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The dimensions of the different parts are as follows :

I1st.—DisTANCES Across THE PICTURE.

Centre street between the houses 60 O ft. wide.
Side walks, each 100 ¢
Middle space between the lines of railway 4 6 ¢
Width between the rails 49 «
Depth of three story warehouse 40 feet,

Depth of yard in the rear of warehouse 20 ¢
Depth of two story dwelling on the right 30 ¢«

DisTANcEs FrROM THE SPECTATOR, IN THE LINE oF
THe MipprLe Visvar Ravy.

From spectator to plane of the picture 134 feet.

From plane of picture to the corner of buildings 50 ¢«

Front of each house 20 «

Front of block of 7 houses 20 feet each 140 ¢

Breadth of street running across between } 60 ¢
the blocks §

Depth of second block same as the first 140 «

Depth of houses on the left of the picture, } 40 «

behind the three story warehouses

To Draw tHE PIicTure.

1st. Let C be the centre of the perspective plane,
H. L the horizon, § the point of sight.

2nd. From C on the line P. P, lay off the breadth
of the street thirty feet on each side, at O and 60,
making sixty feet, and from those points draw rays to
the point of sight; these give the lines of the fronts of
the houses.

3rd. From O lay off a point 50 feet on P. P, and
draw a diagonal from that point to the point of distance
without the picture; the intersection of that diagonal
with the ray from O, determines the corner of the

12




134 PLATE XLVL

building; from the point of intersection erect a perpen-
dicular to B.

4th. From 50, lay off spaces of 20 feet each at 70,
90 and so on, and from the points so laid off draw
diagonals to determine by their intersection with the
ray from O, the depth of each house.

bth. After the depth on 0. § is found for three
houses, the depths of the others may be found by draw-
ing diagonals to the opposite point of distance to inter-
sect the ray 60 S, as shewn by the dotted lines.

Note.—As a diagonal drawn to the pomnt of distance forms an
angle of 45° with the plane of the picture, it follows thata diago-
nal drawn from a ray to another parallel ray, will intercept on
that ray a space equal to the distance between them. Therefore
4s the street 1 the diagram 1s 60 feet wide and the front of each
house 15 20 feet, it follows that a dragonal drawn from one side
of the street to the other will 1ntercept a space equal to the fronts
of three houses, as shewn m the drawing.

6th. Lay off the dimensions on the perspective plane,
of the depth of the houses, and the position of the
openings on the side of the warehouse, and draw rays
to the point of sight as shewn by the dotted lines.

Tth. At O erect a perpendicular to D for a line of
heights; on this line all the heights must be laid off to
the same scale as the measures on the perspective
plane, and from the points so marked draw rays to the
point of sight to intersect the corner of the building at
B. For example, the height of the gable of the ware-
house is marked at ./, from .4 draw a ray toward the
point of sight intersecting the corner perpendicular at
B; then from B, draw a horizontal line to the peak of
the gable; the dotted lines shew the position of the
other heights.

8th. To find the position of the peaks of the gables
on the houses in the rear of the warehouse, draw rays
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fiom the top and bottom corner of the front wall to the
pomnt of sight, draw the diagonals as shewn by the
dotted lines, and from their intersection erect a perpen-
dicular, which gives the position of the peak, the inter-
section of diagonals in this manner will always deter-
mine the perspective centre of a vanishing plane. The
height may be laid off on O. D at D, and a ray drawn
to the point of sight intersecting the corner perpen-
dicular at C, then a parallel be drawn from C to inter-
sect a perpendicular from the front corner of the build-
ing at E, and from that intersection draw a ray to the
pomt of sight. The intersection of this ray, with the
indefinite perpendicular erected from the intersection of
the diagonals, will determine the perspective height of
the peak.

9th. The front edges of the gables will vanish in a
point perpendicularly above the point of sight, and the
back edges in a point perpendicularly below it and
equidistant.

10th. As all the planes shewn in this picture except
those parallel with the plane of the picture are parallel
to the middle visual ray, all horizontal lines on any of
them must vanish in the point of sight, and inclined
lines in a perpendicular above or below it, as shewn by
the gables.
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SHADOWS.

Ist. The quantity of light reflected from the surface
of an object, enables us to judge of its distance, and
also of its form and position.

2nd. On referring to paragraph 9, page 98, it will
be found that light is generally considered in three
degrees, viz: light, shade and shadow; the parts
exposed to the ditect rays being in light, the parts in-
clined from the direct rays are said to be in shade, and
objects are said to be in shadow, when the direct rays
of light are intercepted by some opaque substance being
interposed between the source of light and the object.

3rd. TuE rorM oF THE sHADOW depends on the form
and position of the object from which it is cast, modi-
fied by the form and position of the surface on which
it is projected. For example, if the shadow of a cone
be projected by rays perpendicular to its axis, on a
plane parallel to its axis, the boundaries of the shadow
will be a triangle ; if the cone be turned so that its
axis be parallel with the ray, its shadow will be a
circle; if the cone be retained in its position, and
the plane on which it is projected be inclined in either
direction, the shadow will be an ellipsis, the greater
the obliquity of the plane of projection, the more elon-
gated will be the transverse axis of the ellipsis.

4th. SHADOWS OF THE SAME FORM MAY BE CAST BY
DIFFERENT FIGURES : for example, a sphere and a flat
circular disk would each project a circle on a plane
perpendhcular to the rays of light, so also would a cone
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and a cylinder with their axes parallel to the rays.
The sphere would cast the same shadow if turned in
any direction, but the flat disk if placed edgeways to
the rays, would project a straight line, whose length
would be equal to the diameter of the disk and its
breadth equal to the thickness; the shadow of the cone
if placed sideways to the rays would be a triangle, and
of the cylinder would be a parallelogram.

5th., Shadows of regular figures if projected on a
plane, retain in some degree the outline of the object
casting them, more or less distorted, according to the
position of the plane; but if cast upon a broken or
rough surface the shadow will be irregular.

6th. Shadows projected from angular objects are
generally strongly defined, and the shading of such
objects is strongly contrasted; thus if you refer to the
cottage on Plate 45, you will perceive that the vertical
walls of the front and chimney are in light, fully ex-
posed to the direct rays of the sun, while the end of
the cottage and side of the chimney are in shade, being
turned away from the direct rays, the plane of the roof
is not so bright as the vertical walls, because, although
it is exposed to the direct rays of light it reflects them
at a different angle, the shadow of the projecting eaves
of the roof on the vertical wall forms a dark unbroken
Iine, the edge of the roof being straight and the sur-
face of the front a smooth plane, the under side of the
projecting end of the roof is lighter than the vertical
wall because it is so situated as to receive a larger pro-
portion of reflected light.

7th. Shadows projected from circular objects are
also generally well defined, but the shadings instead of
being marked by broad bold lines as they are in rect-
angular figures, gradually increase from bright light
to the darkest shade and again recede as the opposite

12%
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side is modified by the reflections from surrounding ob-
jects, so gradually does the change take place that it
is difficult to define the exact spot where the shade
commences, the lights and shades appear to melt into
each other, and by its beautifully swelling contour ena-
bles us at a glance to define the shape of the object.

8th. DousLE SHapOWs.—Objects in the interior of
buildings frequently cast two or more shadows in op-
posite directions, as they receive the light from oppo-
site sides of the building ; this effect is also often pro-
duced in the open air by the reflected light thrown from
some bright surface, in this case however, the shadow
fiom the direct rays is always the strongest; in a room
at niglit Iit by artificial means, each hight projects a
separate shadow, the strength of each depending on
the intensity of the light from which it is cast, and its
distance from the object; the student may derive much
information from observing the shading and shadows
of objects from artificial light, as he can vary the angle,
object and plane of projection at pleasure.

9th. The extent of a shadow depends on the angle
of the rays of light. If we have a given object and
plane on which it is projected, its shadow under a
clear sky will vary every hour of the day, the sun’s
rays striking objects in a more slanting position in the
morning and evening than at noon, projects much long-
er shadows. But in mechanical or architectural draw-
ings made in elevation, plan or section, the shadows
should always be projected at an angle of 45°, that is
to say, the depth of the shadow should always be equal
to the breadth of the projection or indentation ; if this
rule is strictly followed, it will enable the workman to
apply his dividers and scale, and ascertain his projec-
tions correctly from a single drawing.
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Note.—The best method for drawing hines at this angle, is to
use with the T’ square, a right angled triangle with equal sides,
the hypothenuse will be at an angle of 45° with the sides; with
the hypothenuse placed aganst the edge of the square, lines may
be drawn at the required angle on either side,

PLATE XLVII.

PRACTICAL EXAMPLES FOR THE PROJECTION
OF SHADOWS.

Ficure 1

Is a square shelf supported by two square bearers
projecting from a wall.  The surface of the paper to
represent the wall in all the following diagrams.

1st. Let /4. B. C. D be the plan of the shelf; A. B
its projection from the line of the wall W. X; B. D the
length of the front of the shelf, and E and F the plans
of the rectangular bearers.

2nd. Let G. H be the elevation of the shelf shewing
its edge, and J and K the ends of the bearers.

3rd. From all the projecting corners on the plan,
draw lines at an angle of 45° to intersect the line of
the wall W. X, and from these intersections erect in-
definite perpendiculars.

4th, ¥rom all the projecting corners on the eleva-
tion, draw lines at an angle of 45° to intersect the per-
pendiculars from corresponding points in the plan; the
points and lines of intersection define the outline of the
shadow as shewn in the diagram.
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Ficure 2

Is a square Shelf against a wall supported by two square
Uprights.

L. M. N. O is the plan of the shelf, P and Q the
plans of the uprights, R. S the front edge of the shelf,
T and V the fronts of the uprights.

1st. From the angles on the plan draw lines at an
angle of 45° to intersect W. X, and from the intersec-
tions erect perpendiculars.

2nd. From R and S, draw lines at an angle of 45°
to intersect the corresponding lines from the plan.

Ficure 3

Is a Frame with a semicircular head, nailed against a
wall, the Frame containing a sunk Panel of the same
Jorm. ‘
L
1st. Let A. B. C. D be the section of the frame and
panel across the middle, and F on the elevation of the
panel, the centre from which the head of the panel and
of the frame is described.
2nd. From E, draw a line to intersect the face of the
panel, and from D to intersect W. X, and erect the per-
pendiculars as shewn by the dotted lines.
3rd. From ¥V and V) draw lines to define the bot-
tom shadow, and at L draw a line at the same angle
to touch the curve.
4th. At the same angle draw F. G, make F. H equal
to the depth of the panel, and F. G equal to the thick-
ness of the frame,
5th. From H with the radius F. R, describe the
shadow on the panel, and from G with the radius F. S,
" lescribe the shadow of the frame.




I

7
/

Plate

SHADOWS

»

lig. %

.

Vg

&,

lg.

7

/'7_//.

g







PLATE XLVII. 141

Nore.—The tangent drawn at L and the curve of the shadow
touch the edge of the frame in the same spot, but 1f the propor-
tions were different they would not do so; therefore it is always
better to draw the tangent.

Ficure 4

Is a Circular Stud representing an enlarged view of one
of the Nail Heads used in the last diagram, of which
N. O. P is a section through the middle, and W. X
the face of the frame.

1st. Draw tangents at an angle of 45° on each side
of the curve.

2nd. Through L the centre, draw L. M, and make
L. M equal to the thickness of the stud.

3rd. From M, with the same radius as used in de-
scribing the stud, describe the circular boundary of the
shadow to meet the two tangents, which completes the
outline of the shadow.

Ficure 5

Is a Square Pillar standing at a short distance in _front
of the wall W. X.

1st. Let A. B. C. D be the plan of the pillar, and
W. X the front of the wall, from .4. C. D draw lines to
W. X, and from their intersections erect perpendiculars.

2nd. Let E. F. G. H be the elevation of the pillar,
from F'draw F. K. L to intersect the perpendiculars
from C and D.

3rd. Through K, draw a horizontal line, which com-
pletes the outline. The dotted lines shew the position
of the shadow on the wall behind the pillar.
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PLATE XLVIII.

SHADOWS—CONTINUED.

Ficure 1

Is the Elevation and Fig. 2 the Plan of a Flight of
Steps with rectangular Blockings af the ends, the
edge of the top step even with the face of the wall.

ist. From A. B. C and D, draw lines at an angle
of 45°.

2nd. From F where the ray from C intersects the
edge of the front step, draw a perpendicular to JV]
which defines the shadow on the first riser.

3rd. From Q where the ray from C intersects the
edge of the second step, draw a perpendicular to J,
which defines the shadow on the second riser.

4th. From K where the ray from .4 intersects the
top of the third step, draw a perpendicular to O, which
defines the shadow on the top of that step.

5th. From L where the ray from .4 intersects the top
of the second step, draw a perpendicular to H inter-
secting the ray drawn from Cin H, which defines the
shadow on the top of the second step.

6th. From P where the ray from B intersects the
ground line, draw a perpendicular to intersect the ray
drawn from D in E; this defines the shape of the
shadow on the ground.
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Ficure 3.

To draw the Shadow of a Cylinder upon a Vertical
Plane.

Rule.—Find the position of the shadow at any num
ber of points.

Ist. From /1 where the tangental ray (at an angle
of 45°) touches the plan, draw the ray to W. X| and
from the intersection erect a perpendicular.

2nd. From A erect a perpendicular to B, and from
B draw a ray at 45° with .4. B to intersect the perpen-
dicular from .4 in L. This defines the straight part of
the shadow.

3rd. From any number of points in the plan E. H,
draw rays to intersect the wall line W. X, and from
these points of intersection erect perpendiculars.

4th. From the same points in the plan erect perpen-
diculars to the top of the cylinder, and from the ends
of these perpendiculars draw rays at 45° to meet the
perpendiculars on the wall line ; the intersections give
points in the curve.

Nore 1.—The outlines of shadows should be marked by famt
lines, and the shadow put on by several successive coats of India
ink. The student should practice at first with very thin color,
always keep the camel hair pencil full, and never allow the edges
to dry until the whole shadow is covered.» The same rule will
apply in shading circular objects; first wash in all the shaded
parts with a light tint, and deepen each part by successive layers,
always taking care to cover with a tint all the parts of the object
that require that tnt; by this means you will avoid harsh out-
lines and transitions, and give your driwing a soft agreeable
appearance.

Note 2.—The lightest part of a circular object is where a tan-
gent to the curve is perpendicularto theray asat P. The darkest
part is at the point where the ray is tangental to the cuarve as at
A, because the surface beyond that point receives more or less
reflected hight from surrounding objects.







THEORY OF COLOR,

AND ITS APPLICATION TO

ARCHITECTURAL AND MECHANICAL
DRAWINGS.

>+ ———

THE THEORY.

WueN we survey, with attention, the beantiful
coloring of the works of natare, we. cannot fail to
perceive the almost infinite variety of tints and hues
of which the landscape is composed, and however its
tone may be modified by the state of the atmosphere,
by the changes of the season, or by the degree of
light with which it is illuminated, we shall always find
these colors blended or contrasted harmoniously; form-
ing a glorious whole, highly satisfactory when viewed
in mass, and much more so when analyzed and ex-
amined in detail.

But numerous as are those hues, it has been demon-
strated that all are composed of three primary colors,
viz. :

YerLLow, Rep, AxD BLUE.

These names, however, are commonly applied to
various tints of the colors, and therefore do not
convey to the mind a sufficiently definite idea; but
they may be seen in their pure brilliancy, in the

13
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flowers of the Yellow Jasmine, the Red Geranium,
and the Blue Sage.

We seldom find them used in their intensity, in
natuve’s own painting; and chiefly on the smaller
gems with which she loves to decorate her bosom,
from which the above examples have been selected,
and even here they are used so sparingly that few ex-
amples of the pure, unmixed, primary colors can be
found ; so especially is this the case with blue, that
many horticulturists affirm that a perfectly blue flower
is unknown in nature; but our example will give a
tolerably accurate idea of the color,

Licar, SeApE, AnDp Suapow have already been
treated of at pages 96, 97, 98, 136, and 137 of the
Drawing-Book. I would advise the student to read
again the explanations there given, to aid him in
understanding some of the experiments that have
been made with rays of light, from which our present
theory of colors have been derived.

Paragraph 5, page 82, says: When a ray of light
passes from a rare to a more dense medium, it is bent
out of its direct course, etc., this effect is called refrac-
tion. Experiments have proved, that a ray of white
light from the sun is not homogeneous in its composi-
tion; that some portions of it are capable of being
refracted or bent out of a direct course, to a much
greater angle than other portions of the same ray,
and when so refracted, the ray is dissected and ex-
hibits several different colors. This discovery we owe
to Sir Isaac Newton, who made the following experi-
ment:

In a darkened room, he caused a small hole to be
bored in a window-shutter, thiough which a ray of
light from the sun could pass freely in a straight line,
which, falling on a white screen, placed for the purpose,

-
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exhibited a circular spot of white light corresponding
in diameter to the hole in the shutter, appearing the
more brilliant from its contrast with the surrounding
darkness.

He then interposed a triangular prism made of col-
orless glass, which, receiving the ray on one of its sides,
refracted it from its divect course toward the upper
portion of the screen, forming an elongated image of
the sun, composed of seven different colors of the most
intensely brilliant character, arranged in the following
order, commencing at the top:

VIOLET,
Inpico,
Burug,
GREEN,
YELLOW,
ORANGE,
Rep.

This elongated image he called the “SorLar Sexc-
TrUM.” The elongation is caused by the different
degree of refrangibility of the colors of which the
ray was composed. Thus red is less refrangible than
orange—orange than yellow, and so on to violet,
which is the most tefrangible.

In continuance of this beautiful experiment, Sir
Isaac, by a series of reflectors placed in the spectrum,
threw all the colors to the same point, where they
were blended together again, and the ray restored to
its pure white character,

From this and other experiments, he arrived at the
conclusion, that light was composed of seven distinct
homogeneous colors.

It was soon noticed, however, by those who repeated
the above experiment, that the colors had no positive
line of separution, but that the adjoining colors were
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gradually blended together: thus the red changed by
almost imperceptible gradations to orange ; the orange
to yellow, the yellow to green, and the green to blue,
and so on.

This led them to suppose that as orange appeared
between the red and the blue, it was not homogeneous,
but was formed by the blending of the adjoining
colo1s in equal quantities; that green was formed in
like manner by the blending of the yellow and the
blue , that the various hues of purple, indigo, and violet,
may be formed by the blending of red with blue ; and
that, consequently, there are but three primary colors,
yellow, red, and blue.

This theory agreed with the theory held by painters,
who affirmed that all the hues and tints of nature can
be successfully imitated with those three colors, not
excepting the beauteous rainbow, which exhibits all
the colors of the solar spectrum, arranged in the same
relative positions, and formed in like manner by the
refraction of light: they also asserted, that yellow,
red, and blue, cannot be formed by the mixture of any
other colors; and that, as all other colors can be
formed by the mixture of these three, they are, there-
fore, the only homogeneous colors.

Later experiments have proved this theory to be
coirect.

In addition to the three primary eolors, we must add
to the scale, LicHT, and its absence, SHADE ; which are
represented by white and black.

Black, in the stiictest application of the term, is the
total absence of light, and must be invisible; and as
the blackest object that we can perceive must reflect
some faint ray of light to make it visible, it must have
somewhat of a grayish tint; gray being the mean
between light and shade. The teim dlack is usually
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applied to the darkest shades either in Nature or
Art,

A unijon of any two of the primaries in equal quan-
tities gives a secondary color.

The secondaries are also three in number, as follows:

Yellow and Red produce the secondary OrANGE.
Yellow and Blue u “ GREEN.
Red and Blue w « PurrLE.

In like manner, three tertiary colors are produced
by the union of the secondaries ; consequently, in the
composition of the tertiaries, all the primaries enter in
unequal proportions.

They are compounded as follows:

Orange ] produce CitroN ] 2 parts Yellow.
and or =11 “ Red
Green YzeLLow Hug, j 1 % Blue.
Orange | produce Russer 1 part Yellow.
and or =12 “ Red
Purple Rep Hus, 1 “ DBlue.
Green produce OLivE 1 part Yellow.
and or =41 % Red
Purple Brue Hug, 2 ¢ Blue.

It will thus be perceived that a tertiary color is
composed of two parts* or equivalents of one of the
primaries with one part of each of the others; and

*In speaking of parts in this connection,.we must under-
stand equal quaniities as to power Field in his Chromatics
says, “ thiee parts yellow will neutralize five paits red or eight
parts blue, and if a cucular disk be colored 10 these proportions
fiom the centie to the citcumference, and be made to 1evolve_
rapidly, the different colors will be blended and the disk will
appear of a dull white”
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each occupies its place in the following seale, as a light
or a dark color predominates:

‘White. Primary. Blue.
Primary Yellow Green. Secondary.
Orange. Secondary. Citron,
Primary. Red. Russet, %Tertz‘aﬂes.
Purple. Secondary. Olive,
Black.

ApsorpTION AND REerFLEcTION oF LicaT, TraNs
PARENCY, OpacITY.

Paragraph 6, page 97, says: “A portion of light is
absorbed by all bodies receiving it on their surface,”
etc  See paragraphs 6, 7, and 8, as above.

This fact has led to the theory that bodies have no
inherent color; that different substances absorb dif-
ferently-colored rays of light, which are transmitted
through their substance ; and that, consequently, the
unabsorbed portion of the ray which is reflected deter-
mines the color of the surface. Thus, if we suppose
the entire red of a ray to be absorbed, the yellow and
blue would be reflected, and the surface wounld appear
green; and if a sufficiently thin lamina be cut from
this green substance it will transmit red light. There-
fore the color of any substance depends on its capacity
for reflecting or absorbing the differently-colored rays;
and, in all cases, the color of the light transmitted
through bodies is composed of the complementary
colors to those which are reflected, and give hue to
its surface.

It has been proved by experiment that the most
dense substances will transmit both light and color,
when reduced to sufficiently thin laminz : consequently
there is no such thing known in nature as a really
opaque substance.

A perfectly opaque substance would reflect all the
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light which falls on its smiface, and one ghat would be
petfectly transpaient would transmit all that 1t re-
ceives ; but these perfect conditions are not to be found.

Transparency and Opacity are, then, not absolute
but relative terms.

Transparent media, such as air, water, glass, etc.,
are those which permit light and vision to pass fieely
through them. ZTranshucent substances are those
which are not sufficiently transparent to allow us to
see objects through them, but which transmit light
more or less freely. We have learnt above, that the
most dense substances, when sufficiently thin, will
transmit light. This teim is therefore very indefinite,
a substance being translucent or otherwise, asits thick-
ness may be greater or less. A leaf of this book, if
placed before an opening for the admission of light,
would permit so much to pass throngh, as to allow
objects to be distinctly visible, and would be considered
highly translucent; but close the book, composed of
numerous leaves of the same material, and place it in
the same position, it would exclude the light and be
properly termed opaque,

Another element of confusion in the popular names
of colors, arises from the large number of pigments of
commerce made to imitate the different hues and tints
of nature. Each bears a specific name, either derived
from its hue or from the elements of which it is com-
posed : but as they are made, by different manufactur-
ers, of various degrees of purity, and each maker has
his own standard of hue for each color, we need not
hope to have much uniformity of result.

Before closing this branch of our subject, we will
recapitulate, in a more succinet form, some of the facts
arrived at, that they may make more permanent im-
pressions on the memory.
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1st. A PRIMARY COLOR cannot be compounded or
formed by any combination of the other colors; they
are three in number, yellow, red, and blue.

2d. A SECONDARY COLOR is formed by admixture of
any two of the primaries in equal parts, such as orange,
purple, and green.

3d. A TERTIARY coLOR is formed by admixture of
two of the secondaries, and consequently contains two
equivalents of one of the primaries, and one of each of
the others; these are also three in number, citron, rus-
set, and olive.

4th. BROKEN coLors are compounded of all the pri-
maries in indefinite proportions, and form three classes,
brown, maroon, and gray.

5th. ADVANCING COLORS are, first, those which ad-
vance from a neutral point toward light ; and second-
ly, those which cause objects to appear more prominent
in a composition, and, consequently, to appear nearer
the spectator.

6th. RETREATING cOLORs are, first, those which re-
treat from a neutral point toward shade; and second-
ly, those which cause objects to appear more distant or
to recede from the spectator.

7th. WARM coLORS are those in which red or orange
predominate; they are generally also advancing colors.

8th. CoLp coLors are generally also retreating colors,
in which blue and neutral gray are the prevailing hues.

9th. PosiTIveE corors are the three primaries, and
their definite compounds as placed in the scale at page
136 All other decided compounds of two of the pri-
maries also come under this head.

10th. NEUTRALS are compounded of the three pn-
maries in their neutralizing proportions, in which no
trace of the positive colors exist; they are neutral
black, avd its shades neutral gray.
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More strictly speaking, we have theoretically but
one neutral; as the neutral grays are to black what
the lighter tints of a color are to its full tone, viz.,
the same color diluted ; but in art, the pigment of white
and black, as well as all their intermediate shades, are
termed neutral colors.

11th. SEMI-NEUTRALS are the same as the broken
colors, and occupy a middle space between the posi-
tive colors and the neutral black.

12th, ARTIFICIAL LIGHT increases the brillianey of
all warm colors, but it deteriorates all hues of the
cold colors, and entirely neutralizes many of their
lighter tints.

GEOMETRICAL DRAWINGS,

Mechanical or architectural drawings consist of
plans, sections, elevations, isometrical and perspective
views,

Drawings may also be further divided into two
classes: first, the more elaborately-finished drawings, for
the purpose of explaining the proposed construction
entire and in all its parts, for the use of the propri-
etor and contractor, and which form, in connection
with accompanying specifications, the basis of the con-
tract. These should be made as full and explicit as
possible, to prevent the misconceptions and disputes
which often arise from the insufficiency of those impor-
tant requisites.

The second class consists of outline drawings, show-
ing the details of construction, generally drawn to a
larger scale, and on which the dimensions should be
figured.
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Detail drawings are often roughly tinted to show
the materials, as well as the forms and sizes, of construc-
tton; in machine diawings, where round bodies fre-
quently occur, they are shaded by ruling parallel ink-
lines, almost touching each other for the darkest shades,
gradually placing them wider apart as they approach
the light. Such drawings are generally roughly made,
the workman depending more on the figured dimen-
sions than on the scale.

For detail drawings, a plain square-edged board and
any stiong paperis suflicient. The paper can be secured
to the boaid by small flat-headed drawing-pins made
for the puipose.

Plain drawing-boards are frequently made with
clamps firmly glued and screwed to the ends, or bat-
tens made equally secure to the back of the board.
Both these methods are objectionable, as all wood, how-
ever well seasoned, will contract and expand with the
hygrometic changes of the atmosphere, with a force that
no clamps can restrain; the boards will, consequently,
warp or split under such circumstances, A better meth-
od of constructing them, is to sink dovetailed grooves
in the back of the board, and drive in battens to fit the
grooves. These require no fastening, and will allow the
contractions or expausions to take place freely, and at
the same time retain the board straight and sound. A
drawing-board, large enough for imperial paper, made
of soft pine, half an inch thick, with grooves sunk a
quarter of an inch deep, the battens four inches wide
by three-quarters thick, has been in use for ten years,
and is now as straight and free from cracks as whenit
was first made.

For finely-finished colored drawings, the paper should
be dampened and stretched smoothly on the board, with
its edges firmly secured, otherwise the parts which
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are made wet with the color will stretch and rise from
the board, and, as a natural consequence, the color will
flow toward the lowest parts, and prevent your obtain-
ing an even tint. Drawing-boaids for this purpose
should consist of a rebated frame with a thin panel,
with buttons or bars on the back to press the panel
tightly against the frame. Whatman’s rough-surface
drawing-papers are best for this purpose; the sizes are
as follows:

Cap, 17x 14 in. Elephant, 28 x23in,
Demy, 18x 15, Imperial, 30 x 22,
Medium, 22x 17, Columbier, 34 x 24,
Royal, 24 x 19, Atlas, 33 x 26,

Sup.Royal, 27 x 19, Dble. Elephant, 40 x 27,
Antiquarian, 52 x 31 in.

These papers have a water-mark of the maker’s
name, and the side on which this name reads correctly,
is intended as the right side to make the drawing on.
To stretch the paper, wet the back of the sheet evenly
and lightly with fair water, either with a flat brush or
sponge, or by laying a wet cloth on it. In this state,
the sheet will continue to expand in size until the
moisture has penetrated its whole substance, which
requires but a few minutes to effect. The sheet should
be about one-and-a-half inches larger than the panel
in each direction: it should then be placed on the
panel, projecting equally all round, its edges pressed
down into the rebate, and the panel secured firmly in
the frame, which clamps the paper and prevents its
contraction when drying, so that the sheet remains per-
manently stretched, and will remain smooth and even
while the color is applied. When paper is stretched
on a plain board, its edges are secured to the board
with strong paste; but in this case, a damp cloth
should be kept on it until the paste is sufficiently dry,
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to prevent its being drawn off by the too rapid con-
traction of the sheet. As soon as the paper is dry, it
is ready for the drawing.

The other requisites for geometrical drawing, are a
T square, a pair of wooden right-angled triangles,—
the one with equal sides and angles of 45 degrees; the
other with angles of 30 and 60 degrees, for isometrical
drawing; pencils, rubber, a case of drawing instru-
ments, and for drawing ink-lines, a cake of India
ink, a porcelain slab for rubbing the ink on, and camnel’s
hair pencils for applying the ink to the drawing-pens.

The construction and use of the scales and parallel
ruler have already been explained in the early part of
the Drawing-Book; the other instruments in a case,
require but little explanation, their uses being almost
relt-evident to any intelligent student. Pencils should
be of good quality, sufliciently hard to retain a good
point, but not so hard as to cut the paper—and it is a
very important requisite in a pencil that its marks may
be easily erased. It is almost impossible to point a
pencil properly with a dull knife, you should therefore
keep a keen one,—it will save your time, pencils, and
temper.

Common writing-ink should never be used in the
drawing-pens: it would scon eat away the metal and
render them useless. [India-ink, rubbed up with pure
water, is the best for the purpose, as it can be made of
any required shade; a slight addition of carmine will
cause the ink to flow more freely. 'The pen should be
ret to the requisite degree in tineness, and need not be
altered to add a fresh supply of ink: this should be
applied to the side of the pen with a hair-pencil, which
should be occasionally passed between the blades of
the pen to prevent its clogging: any surplus ink on the
outside of the blades should be wiped off Lefore ap-
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plying it to the paper. In using the drawing-pen,
either for straight or circular lines, it is very important
to have both the blades to rest on the paper, or the
lines will be irregular. With the T square apphed
to the edges of the board, all lines parallel to any of
its sides may be drawn correctly. Parallel inclined
lines may be drawn by a square having one of its
sides movable, and clamped by a screw to the re-
quired angle, or with the parallel ruler, or by moving
a tiiangle along a straight edge. The outlines of the
drawing should be first made in pencil, then the per-
manent lines ruled in India-ink of a light shade, and
the surplus pencil-marks removed with the rubber, or
with a crumb of bread, which will answer the same
purpose ; the drawing is then ready for coloring.

v
L4
4

APPLICATION OF COLORS.

The student who has carefully read the first part of
this essay, will readiy suppose that, with three good
pigments rvepresenting the three primary colors, a
white for lights and a black for shades, he can mix any
tint or hue he may require; and this is true to a con-
siderable extent, but not altogether so, as, unfortunately,
colored pigments are not always homogeneouns in their
composition, and often act chemically upon each other,
so us to change, or perhaps neutralize, the original hues,
The knowledge of the chemical properties of colors
requires more study and attention than is necessary tor
the mechameal draftsman to devote to it, as the color-

1t
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man has prepared numerous pigments, of different hues,
to meet his wants, These pigments are commonly call-
ed colors, and, in this practical branch of our subject,
we shall follow the common practice and use the terms
syuonymously.

Colors are either transparent or opaque. A trans-
parent color is often laid over another color to change
or modify its hue, and will often produce a much more
soft and agreeable tone than could be produced by
a single color: this operation is technically called
glazing. The draftsman will often find occasion to
exercise his ingenuity in this respect, as well as in the
mixing of his hues; and on this subject he must de-
pend chiefly on his own taste and judgment, as it is
very difficult to give any other than general rules for
the purpose.

The following are the most useful of the prepared
cake colors for mechanical drawings:

YrrLows. Gamboge,
Roman Ochre or Yellow Ochre,
Indian Yellow.

Reps. Carmine or Crimson Lake,
Vermilion,
Indian Red.

Brugs. Cobalt or Ultra-marine,
Prussian Blue,
Indigo.

Browns. Sepia,
Vandyke Brown or Burnt Umber,
Raw Sienna.

India-ink may be used for the shades or a semi-
neutral tint, compounded of indigo and Indian red.
This tint may be found in cakes under the name of
neutial tint.

The surface of the paper should represent the lights




THEORY OF COLOR. 159

in water-color drawings, or, where very small lights
are required, they may be scratched out with the point
of a knife, The last method is generally resorted to
where drawings are made on tinted or graduated paper.

The secondary colors, orange, green, and purple, as
well as the semi-neutral grays and other broken colors,
may be compounded from the pigments in the above
selection.

A little practice and observation of the results of
the different mixtures, will soon enable the student to
combine them satisfactorily. He will find that many
of the combinations he produces will result in a foul,
cloudy mixture ; these he should note particularly, and
avold in future; and those which result satisfactorily
should be still more carefully remembered for fature
use. As a general rule, which should be well fixed in
the memory, the fewer the pigments used in @ com-
position, the more clear and satisfactory will be the
hue produced.

In using any hue compounded of different colors, it
should be constantly stirred up with the brush whilst
taking a fresh supply in it, as such mixtures have
alwaysa tendency to separate. This must be more par-
ticularly attended to when vermilion enters the com-
pound, as it is so much heavier than the other pigments
that it invariably falls to the bottom.

In mechanical drawings, the plans and sections,
especially, should be so colored asto show the materials
and construction; so that this information may be
obtained by the mere inspection of the drawings, with-
out the trouble of hunting it up in the specifications,
which are seldom available at the place of construetion,
being generally filed away in the office for paiticular
reference.  In shadmg such diawings, the shadows
should always be projected at an angle of 45 deqiees,
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as explained at page 136, where shadows are especially
treated of.

In elevations, it is not so important that the
materials should be so palpably designated; but even
here it should not be altogether neglected, mote par-
ticularly when the materials are to remain of their
natural color, as the general coloring has often an im-
portant effect on the character of the design.

In perspective views, this requisite is generally lost
sight of, and often, in architectural views, the coloring
and shading are more in accordance with the practice
of the landscape painter, than with that of the mechani-
cal dranghtsman.

The colors used in plans and sections to denote the
construction should be as nearly as possible the colors
of the materials to be employed. A very excecllent
article on this subject has been published in the “ Praec-
tical Draughtsman,” from which we make the follow-
ing extracts, and would recommend their careful pe-
rusal, as, with few additions, they cover the whole
ground. The colors designated are termed *conven-
tional colors, that is, certain colors are generally un-
derstood to indicate particular materials.” India-ink,
in these extracts, is called China-ink: either name may
be applied to this pigment.

‘ Stone~—This material is represented by a light, dnll
vellow, which is obtained from Roman ochre, with a
trifling addition of China-ink.”

This color does very well for light sandstone,
but where different kinds of stone aie to be used in
a construction, other hues are mnecessary to denote
them.

Granite may be indicated by Prussian blue, with a
little India-ink added.

Red sandstone, by Indian red.
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White or other light=colored mardles, by a light tint
of yellow ochre or raw sienna.

Rubble-stone walls, by Prussian blue with Indian red.
These should be further designated in sections, by a few
irregular lines of a different tint or hue, laid in with
the hair-pencil after the fitst tint is dry, to represent
the joints and indicate the constraction.

“ Brick.—A light red is employed for this material,
and may be obtained from vermilion, which may some-
times be brightened by the addition of a little carmine.
A pigment, found in most color-boxes and termed light
red, may also be used when gieat purity and bright-
ness of tint is not wanted If it is desired to distin-
guish firebrick from the ordinary kind, since the former
is lighter in color and inclined to yellow, some gam-
boge must be mixed with the vermilion, the whole being
laid on more faintly.

« Steel or Wrought-Iron—The color by which these
metals are expressed is obtained from pure Prussian-
blue laid on light: being lighter and perhaps brighter
for steel than for wrought-iron.

“ Cast-Iron.—Indigo is the color employed for this
metal; the addition of a little carmine improves it.
The colors termed Neutral Tint or Payne’s Gray, are
frequently used in place of the above, and need no fur-
ther mixture. They are not, however, so easy to work
with, and do not produce so equable a tint.

* Lead and Tin are represented by similar means, the
color being rendered more dull and gray by the ad-
dition of China-ink and carmine or lake.

“ Copper—~—TFor this metal, puie carmine or crimson
lake is proper. A more exact imitation of the reahty
may be obtained by the mixture with either of these
colors of a hittle China-ink or burnt sienna—the car-
mine or lake, of course, considerably predominating.
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“ Drass or Bronze—These are expiessed by an
orange color, the former being the brighter of the two;
burnt Roman ochre is the simplest pigment for produc-
ing this color. Where, however, a very bright tint is
desired, a mixtwie should be made of gamboge with a
Iittle vermilion—care being taken to keep it constantly
agitated, as before recommended. Many draughtsmen
use simple gamboge or other yellow.

“ Wood~It will be observable from preceding ex-
amples, that the tints have been chosen with reference
to the actual colors of the materials which they are in-
tended to express. Carrying out the same principle,
we should have a very wide range in the case of wood.
The color generally nsed, however, is burnt umb®r or
raw sienna; but the depth or strength with which it is
laild on, may be considerably varied. It is usual to
apply a light tint first, subsequently showing the grain-
ing with a darker tint, or perthaps with burnt sienna.
These points are susceptible of great variation, and
very much must be left to the judgment of the artist.

& Leather, Vulcanized India- Rubber, and Gutta-Per-
cha.—These are all represented by very similar tints.
Leather by light, and gutta-percha by dark sepia, whilst
vulcanized India-rubber requires the addition of a
little indigo to that color.

“ Manipulation of the colors.— The cake of color
should never be dipped in the water, as this causes the
edges to crack and crumble off, wasting considerable
quantities, Instead of this, a few dropsof water should
Le fitst put in the saucer or on the plate, and then the
requited guantity ot color rubbed down, the cake be-
g wetted as little as is absolutely neeessarv, The
strength or depth of the color 1s obtammed by propor-
tioning the quantity of water, the whole being well
mixed, to make the tint and shade equable throughout.
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When large surfaces have to be covered by one tint,
which it is desired to make a perfectly even, flat tint, it
is well to produce the required strength by a repeti-
tion of very light washes. These washes correct each
other’s defects, and altogether produce a soft and pleas-
ing effect. This method should generally be employed
by the beginner, as he will thereby more rapidly obtain
the art of producing equable flat tints. The washes
should not be applied before each preceding one is per-
fectly dry. When the drawing-paper is old, partially
glazed, or does not take the color well,its whole sur-
face should receive a wash of water, in which a very
small quantity of gum-arabic or alum has been dis-
solved. In proceeding to lay on the color, care should
be taken not to fill the brush too full, whilst, at the
same time, it must be replenished before its contents
are nearly expended, to avoid the difference in tint
which would otherwise result. It is also necessary
first to try the color on a separate piece of paper, to be
sure that it will produce the desired effect. It is a
very common habit with water-color artists to point
the brush, and take off any superfluous color, by pass-
ing it between their lips. This is a very bad and disa-
greeable habit, and should be altogether shunned. Not
only may the color which is thus taken into the mouth
be injurious to health, but it is impossible, if this is
done, to produce a fine, even surface, for the least quan-
tity of saliva which may be taken up by the brush, has
the effect of clonding and altogether spoiling the wash
ot'color on the paper, In placeof this uncleanly method,
the artist should have a piece of blotting-paper at his
side—the more absorbent the better. By passing the
brush over this, any superfluous color may be taken off,
and as fine a point obtained as by any other means,
The brush should not be passed more than once, if pos-
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sible, over the same part of the drawing before it is
dry ; and when the termination of a large space is
nearly reached, the brush should be almost entirely
freed from the color, otherwise the tint will be left
darker at that part. Care should be taken to keep
exactly to the outline; and any space contained within
definite ontlines should be wholly covered at one oper-
ation, for if a portion is done, and then allowed to dry, or
become aged, it will be almost impossible to complete
the work, without leaving a distinet mark at the junc-
tion of the two portions. Finally, to produce a regu-
lar and even appearance, the brush should not be over-
charged, and the color should be laid on as t4in as
possible ; for the time employed in more frequently
replenishing the brush, because of its becoming sooner
exhansted, will be amply repaid by the better result of
the work under the artist’s hands.”

With this information carefully digested, in addition
to the instructions of “much the same tenor, previously
given for laying in shades and shadows, at page 1186,
the student will find but little difficulty in coloring
his drawings creditably ; but he will require practice,
that he may gain experience in the manipulation of
hues and tints, and freedom in the use of the brush.

It is important that he should first practice on draw-
ings that require but little labor to construct ; so that
the fear of spoiling them would not cramp his motions
and prevent his acquiring the requisite freedom of
hand. If a drawing of this character be spoiled, it
will be of very little consequence,as it can be easily
replaced ; with an elaborate drawing the case is very
different, the fear of spoiling it will often induce hesi-
tation and awkwardness, and produce the result feared.

When a drawing is to be shaded and tinted, the
shades and shadows should be laid in with India-ink
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before applying the colors, but not so dark as required
for the finished drawing, as they can be worked up to
better advantage by deepening them with the local
bues. Sometimes drawings are shaded with different
tints of the local colors without first shading with ink.
The student should practice in both styles, so that he
may be able to apply either or mix them, as his taste
and judgment may direct.

In shading perspective views of exteriors, the stu-
dent must remember that all his shades and hues must
diminish in intensity as the distance increases; but in
limited interior views, as of a room, his shades will in-
crease in depth toward the rear of the picture, unless
such room is lighted by side-windows or by other light
than that obtained fiom the front of the picture where
the section of the room is made.

The student who endeavors to follow those instruc-
tions will doubtlessly meet with some difficulties, but
he will soon overcome them, if he will practice with the
requisite attention and industry.

Every obstacle encountered should be removed from
the path at once; he must not pass over or around it,
leaving it as a stumbling-block to his future labors,
but should attack each in detail, and let every en-
counter act as a spur to further progress and to ulti-
mate success.

QUALITY OF MATERIALS.

The draughtsman who values his time, will always
find it the more economical plan to procure all his
materials of the best quality, and also to keep his
instruments clean and in good condition; he will thus
be enabled, with the same degree of effort, to produce
a much more satisfactory drawing.
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“ “ the protractor, . . . 42
Construction of arches, . . . . 72
Contrary flexure—Curve of . . . . 12
“« “« Archof . . . . 76
Cotlage 1 perspective . . . . . 129
(,myemng of lbe cube, . . . 53
paralleloplpedon, . . . .

« “ trniangular prism, . . . 54

“ ¢ square pyrammd, . . . . b4

“ “  hexagonal pyramid, . . . 55

o ¢ cyhnder, . . . . . &5

¢ “  cone, . . . . 56

- 13 sphere, R . . . 57

“ “  regular polyhedrons, . . 57

“ “ circular domes, . . . . 70
Crown of an arch, . . . . . 73
‘  moulding, . . . . . 83
Cube or hexahedron, . . . . 52
Cubic measure, . . . . . 51
Cube—To draw the Isomemcal . . . 89
“  In perspective, . . . . . 127

Cycloid described, . . . . . 49

Cyclowdal arches,
Cylinder, .

. . . . 55

“ Todraw the covermg ofa . . . 56

¢ Sections of the

. . . . 59
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Cylinder—Right and oblique

« In perspective, . B
“ Shadow ofa . .
Cyma or cyma recta—Roman, .
Grecian, .
“ reversa, talan or ogee—Roman,
<« 3 €€ € Grecian,
Degree defined, . . .
Depressed arch, . . .
Diamond defined, . . .

Diagonal defined, . .
Diagonal lines 1n perspective, .
Diameter of a circle, .

£€

££

({4

of a sphere, . .
of an ellipsis, .
of the parabola, .

Definitions of lines, .
¢ of angles, . .
o« of superficies, .
1 of the circle, .
s of solds, .

“

14

««

of the cylinder, .
of the cone, .
of the parabola, .

“¢ of arches, .

“ in perspective, .
Directriz of the parabola,
Distance—Powmts of . .

“ Half .

44

The quantity of reﬂected light enables

judgeof . .

Dodecahedron, .
Domes—Covering of hemxsphencal
Double shadows, .
Echinus, or Grecian ovolo, .
Elhpsw——False .

€

€

€

the section of & cylmder,

To describe an ellipsis with a string

the section of a cone,

To describe an elhipsis from the cone
To descnibe an ellipsis by intersections

.

124
. 143
83
. 8
84
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15
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69
. 78
103
69
104
. 110
136
. &8
70
. 138
84
4849
59
. 59
62
R
64




INDEX. 171

PAGE,
Ellipsis—To describean ellipsis with a trammel . . 65
Elliptic Arch—To draw the joints of an . . 77
Epicycloid described, . . . . . 50
Equilateral triangle, . . . . . 14
o arch, (Gothic) . . . . 78
Extrados or back of an arch, . . . . 73
Fillet, band or listel, . . . . . 81
Focus—Foet of an ellipsis, . . . . 59
¢ qf a parabola, B . . . . 69
Foreshortening, . . . . . . 100
€« The degree of foreshortening depends on the
angle at whuch objects are viewed, 101108
Form of shadows, . . . . . 136
Frustrum of a pyramid, . . . . . 54
“  ofacone, . . . . . 62
Globe or sphere, . . . . . . 56
Gothic arches degenbed, . . . . 78
Grades, . . . . . . . 19
Grecian mouldings, . . . . . 84
Ground line or base line, . . . . . 103
Habit of observation, . . . . 128
Half distance, . . . . . . 1o
Height, rise or versed sipe of an arch, . . . 73
Hemisphere, . . . . . . b7
Hexahedron or cube, . . . . . 52
Hexagonal pavement in perspecuve, . . - 1138
Horizontal or level line, . . . . 12
“ covering of domes, . . R 4
Horizon 1n perspective, . . . . . 103
Horseshoe arch, . . . . . . . . 76
¢ pomted arch, . . . . . 79
Hyperbola the section of a cone, . . . 62
“ to describe the hyperbola from the cone, . 6366
Hypothenuse, . . . . 14—23
“ Square of the .. . . 23
Icosahedron, . . . . 58
Inclined lines in Isometrical drawmg requirg 8 dxﬁ'erent
scale, 96
Incidence—The angle of mmdence equal to the angle oi‘
reﬁecuon, . . . . g7

Inclined lines-—Vanishing paint of . . . . 108
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Isometrical drawimng, . . . . . 89
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6 circle, . . . . . AN
Isometrical circle—To d1v1de the . . . 95
Lsosceles triangle, . . . . . . 14
Juints of an arch defined, . . . . 74
« To draw the jomts of arches, . . 75 t0 B0
Keystone of an arch, . . . . . 73
Lancet Arch—To describe the . . . 18
Light—Ohbjects to be seen must reflect hght . . 96
¢ becomes weaker m a duplicate ratio, &c., . )
¢ Three degrees of . . . . 98—136
Lines—Description of . . . . . 11
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«  To find the length of a curved . . . 33
¢«  Workmen’s method of doing so, . . 34
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Pitch Line defined, . . 88

“  To draw the pitch line of a pmlon to contam a
definite number of teeth, ., . . 8
¢  Ground or base hne, . . . . 103
¢ Vamshing point of a hne, . . . . 108
¢«  of elevation 1n perspective, . . . 115
Linear perspective defined, . . . . . 102
Listel, band or fillet, . . . . . 81
Lozenge defined, . . . . . . 15
Major and minor axes or diameters, . . . 59—60
Measures—Cubic, . . . . . bl
« Lineal and superﬁclal . . . 51
o of the surface of a cube, . . . 53
Jiddle ray or central visual ray, . . . 105

Minutes, . . . . . . . 18
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Mitre—To find the cut of a . . . . 26
Moresco or Saracenic arch, . . . . 76
Mouldings—Roman . . . . . 81
« Grecian . . . . . 84
Obelisk defined, . . . . . 55
Oblique pyramid, . . . . . 54
“  cone, . . . . . 56—61

¢  cylnder, ., . . . . . 59
Oblong defined, . . . . . 15
Octagonal plan and elevation, . . . . 80
Octahedron, . . . . 57
Ogee Arch or arch of contrary ﬁexure, . . . 76
Ogee or cyma reversa—Roman . . . . 83
o« « “ Grecian . . . 86
Optical Mlusion, . . . . . . 91
Ordinate of an ellipsis, . . . . 60
Ovals composed of arcs of circles, . . . 47—48
Ovolo—Roman . . . 82
«  or Echinus—Grecian . . . . 84
Parallelogram defined, . . . . . 15
Parallel lines, . . . " . .12
“  ruler, . . . 34

“  Application of the parallel ruler, . . . 35
Parallelopipedon, . . . 54
Parabola——To find points n the curve of the . . 45
the section of a cone, . . 62

“« To describe a parabola from the cone, . . 63

“ To describe a parahola by tangents, &e. . 67
“« To describe a parabola by continued motion, . 68

s applied to Gothic arches, . . . 69

“ Definitions of the parabola, . . . 69
Parameter defined, . . . . . 69
Pentagon reduced to a triangle, . . . . 36
¢ To construct a pentagon on a given hne, . 30
Perimeter the boundary of polygons, . . I ¥
Periphery the boundary of a circle, . . . 17
Perpendicular lines defined, . . . 12
« To bisect a lme by a perpendlcular, . 20

« To erect a perpendicular, . 202123

“ To let fall a perpendicular, . . 22

Perspective—Essay on perspective, . .
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Perspective—Linear and aeriel perspective, . . 102
6 plane, or plane of the picture, . . 103

“ “  must be perpendicular to the middle
visual ray, . . . 105
“ plan of a square, . . . 109110
“ “ of a room with pilasters, . . 1351
“ “ To shorten the depth of a perspective plan, 112
“« Tesselated pavements m perspective, & 112
« Double square i perspective, 114
“ Circle i perspectve, s . 114
¢ Line of elevation, . . 115
« Pillars with projecting caps m perspec'we, 116
“ Pyramids mn perspecuve, . . 117
“¢ Arches seen n front, . . 118
« “  on a vamshing plane, . 121
o Application of the circle, . . 123
s To find the perspective plane, &c. 125
o view of a cube seen accidentally, . 127
“ view of a cottage seen accidentally, . 129
«c view of a street, . . . 132
Pillars m perspecuve, . . . . 116
Pitch of a wheel, . . . . 88
s circle of a wheel, . . . . 87
¢ hne of a wheel, . . . . 88
Plane superficies, . . . . . 13
Planes—Vamshmg . . . . 106
¢ Parallel planes vanish to & common point, 108
¢ parallel to the plane of the picture, . 108
«  To find the perspecuve plane, . . 125
Plat band or straight arch, . . . 74
Platonie tigures, . . . . . 58
Point of intersection, . . . . 19
“ of contact, . . . . . 19
¢ Secantpomt, . . . . 19
« of sight, . . . . 104
s¢  of view or station pomt, . . . 104
¢ Vamshing pomnts, . . . . 105
<  Principal vamshing peint, . . 105
* of distance, . . . . . 104
Pointed arches 1 perspective, . . . 119
Poles of the sphere, . . . . . &7
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Polygons described, . . . . . 14
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¢  Regular and irregular pOi‘ygons . . 28
Polyhedrons, . . . . 52—57
Projecting caps in perspecnve, . . . 117
Protractor—Construcuon of the protmctof . . 42
o Application of the protractor, . . 42
Prisms, . . . . . . . 54
Pygramid, . . . . . . 54
‘¢ 1n perspective, . . . . . 117
Quadrant of a curcle, . . . . . 18
Quadrangle defined, . . . . 15
Quadrilaterul defined, . . . . . 15
Radwis—Radn, . . . . . . 17
Rampant arch, . . . 74
Rays of hight reﬂected m straxght hmes, . . . 98
o converged m the crystalline lens, . 99
Rectangle defined, . . . . . . 15
Reduce—To reduce a trapezium to a tnangle, . . 35
“ To reduce a pentagon to a triangle, . . 36
Reflection of light, . . 96

¢ The angle of reﬂecuon equal to the angle of
incidence, . . . 97

Reflected hight enables us to see objects not 1llumma(ed by
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“  polyhedrons, . . . . . 6257
Refraction of hght, . . . . . 96
Retina of the eye, . . . . . 99
Rhomb—Rhombus, . . . . . 15
Rhomboid, . . . . . . 15
Right angled triangle, . . . . . U
Right hne defined, . . . . . 14
“ pyramd, . . . . . . 54
¢ cylnder, . . . . . . 55
“  cone, . . . ‘ 5661
Rise or versed sine of an arch, . R . . 73
Roman mauldings, . . . . . 81
Ruleof 3,4and §, . . . . . 28B4
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Saracenic or Moresco arch, . . .
Scale of chords, . . . .
Scales of equal parts, . . .
¢ Sinple and diagonal scales, .
¢ Proportional scale in perspective,
Scalene triangle, . . .
Scheme or segment arch,
Seotia described—Roman, . . .
€ < Grecian, .
Secant—Secant point, or pomnt of mtersecnon,
Seconds, . . . . .
Sector of a circle, . . . .
Sections of the cylinder, . . .
¢ of the cone, . . .
¢« oftheeye, . .
Serpentine line, . . . .
Segment of a circle, . .

“  To find the centre for descnbmg a segment

¢ To find a nght line equal to a segment of a circle 33

¢ To describe a segment with a tnangle,
¢ To describe a segment by intersections,

¢ of a sphere, , . . .

¢  or scheme arch, . .
Senmucircle, . . . R .
Senuciraudar arch, . . . .

o s n perspective, .
Shade and shadow, . .
Shadow always darker than the ob_]ect, .
Shadows—Essay on shadows, . .
Shading of circular objects, . .
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Sight—Method of sight, . . .

¢ Pomt of sight, . . .
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Sne, . . .
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Square, . . . .
Sguare corner in a semicircle, .
« “ by scale of equal parts,
¢ of a number, . .
“  of the hypothenuse, .
Station pont or pont of view, .
Straight or nght hne, . .
¢ arch or plat band, . .
Street 1n perspective, .
Subtense or chord, . . .
Summt of an angle,
«  of a pyramud, . .
* ofacone, . .
Superficies or surface, . .

Supplement of an angle or arc, .
Table of the names of polygons, .
¢ ¢ the angles of polygons,
Talon or Ogee—Roman, . .
¢ i Grecian, .
Tangent defined,

Teeth of wheels—To draw the teeth of wheels

€ o Pitch of the «
« o Depth of the s
Tesselated pavements in perspective,
Tetragon defined,
Tetrahedron one of the regular sohds,

Torus described, . .
Trapezium defined, . .
“ reduced to a tnaugie,

Trapezoid defined, . . .
Transverse axis or diameter, .

Trigons or triangles, . .
Trisect—To trisect a right angle,
Truncated pyramid, . .
“ cone, .
Tudor or four centered arch .
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Versed sine of an are, . .
“ ¢ ornseofan arch, .
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“ of apyramid,” . . . . . 54
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“  Principal vertex of a parabola, . . . 69
*¢ - of a drameter of the parabola, . . . 69
Vertical or plumb line, . . . . .12
“  coverings of domes, . . . . 70
Visual angle, . . . . . . 100
“  rays, . . . . . . 105
Voussows of an arch, . . ., 73
Wheel and pinion—T9 propertion the teed' ofa . 88
W heel viewed i perspective, . . . . 101
IxpEX 1O THE Essay oN COLOR, ETC.
Apphication of colors to Geometrical Drawings, . 157
Chnventional colors to denote the construction, . . 169
Colors, hist of, for ai1chitectural and mechanical drawings, 158
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Detaa! drawings, how to make and tint them, . . 154
Draweng boards, the best way to make them, . 154, 155
Drawing instruments, and requibites for geometrical draw-
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Ink. Common writing-ink should not be used for drawmg
purposes, . . . . . 156
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Muterutls should be of the best quality, . . . 165
Natural scale of colors, . . . 150
Onreity and transparency ot absolute terms, . . 151
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Fenels, the qualities 1equired 1 a good drawing, . 156
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Tieory of color, - . . . 145
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REVIEWS.

From the London Art Journal.

‘“ A TExT-BoOK OF GEOMETRICAL DRAWING for the nse of Mechanics and
Schoolg, by Wm Minifle, Architect, etc —Every attempt to simphify and
render comparatively eary the abstruse hard study of geometrical hnea and
proportions, must be hailed with unaffected satiefaction by all who ficd it
nece<sary to apply themselves to1t Perhaps the difficnlties attending the
acqmsition of this science have proved the reason why so many shrink
from pursuing the study, notwithstanding the inconvenience ansing from
its neglect The grand objection to most of the books on geometry which
have passed under onr notice, 18, that they are too theoretical not practical
enough for practical men, such as artizans who desire to ebtain g0 much
knowledge of the ecience as may the better enable them to fulftll their duties
without aspiring to the dignity of learned mathematicians, The American
publication kere brought under our notice seems just the kiud of book to
put into the hands of the classes here referred to, though 1ts ntility must
not be thus Iimited The Author hax been Jong engaged in Baltimore as a
teacher of Architectural and Mechanical Drawing The work he has pat
forth exhibits the system adopted mn his practice, which 1e as simple as the
scuence will permit, to make 1t really comprehensive and useful It abounds
i drawings of geometrical figures, plans, sections, elevations, etc, to a
Jarge extent, and referning to buildings and machinery , contains an introduc-
tion to 1sometrical drawing, and an essay on linear perspective and shadows,
1t 23, n short, @ Lext-book of no httle value for self-tnstruction to meet the
wants of a large clase of learcer< who, having made themselves thoroughly
acquainted wath 1ts contente, will bave mastered the alphabet of drawing *

From the London Builder

“ A TEXT-BOOK oF GEOMETRICAL DRAWING, etc, etc.—We have thus
fully given the title of this volume, not only to show at once its objects
and purpoges, but that we may be able also at once and comprehensively
to ray that 1t appears to us< to bear out all ite professiona It is really a
capital work, and )ndiclously comprises the greater part of what a learner
needs, though previously entirdly unacquainted either with Geometry or
Drawing

**The book ia deservedly highly esteemed 10 America. It is evidently the
work of one who understanda his subject.”

From the London Artisan

** The definitions and rnles of geometry are explained, as well as the ures
of the various instrumente  This portion, which may be called the element-




ary, 18 succeeded by examples of the application of the rules to Architect-
ure, Carpentry, and Machinery. The text has a practical tone about it
which we admire, whilst the illustrations, which are namerons, are on
steel, and particulaily well cxecated In paper and typography it is equal
to any work of the same class published 1n this country

From the G g Practical Mech Ve Journal,

‘* A TEXT-BOOK oF MECHANICAL DRAWING, ete., etc —Here is a tempting
il of fare for the young student, and we can answer for 1t that the courses
actually served up are fully equal to the author’s character of them.

It 16 & pleasant task to the reviewer to give praise to a good book ; and
in giving an opinion of Mr Mimifie’s prodnction, we may do 8o by saying to
those practical men who desite to gain some nsight 1n the rules of geomet-
rical drawing, that they may do so here, without wading through a mass o
theoretiesl profundity, such as usually encumbers them on the threshold
of a majority of worke of this natare, .

* Whatever 18 s#a1d is rendered perfectly intelligible by remarkably well-
executed diagrams on steel, the number of which—56 plates—leaves noth-
myg for mere vague suppo<ition, and the addition of an introdunction to
1sometrical drawing, linear perspective, and the projection of shadows,
winding up with a useful index to technical terme, forms a volume which 18
perhaps unequalled dy any Britesh work of a stmular character.”

From the Philodelphia Public Ledger.

“This will be found a most excellent text-book, by an accomplished
teacher of Architectural and Mechanical Drawing The problems are all
selected with a view to their practical application 1n the every-day business
of the Engineer, Archutect, and Artisan **

From the American Railroad Journal.

“ Minrmx's TexT-Book oF MEcranicaL Drawing —We are happy to
call the attention of our readera to this work, It s recommended by artiats
and gentlemen who are best gnalified among us to judge correctly of its
merita, as being the most thorough and complele work of the kind ever pub-
lished in this country, and as indispensable to those whose business requires
& knowledge of the principles of Geometrical Diawing or Sketching, and as
a suitable guide and companion to amateurs in this delightful art. It has
received universal commendation from the press, and we believe it fully
merits all that has been said 1n 1t8 praise.”

——pe
.

From the New York Scientiflc American

¢t It ia the best work on Drawing that we have ever seen, and is especially
a text-book of Geometrical Drawing for the nre of Mechanics and Schools
No young Mechanic, such as 8 MacHiNisT, ENGINEFR, CABINET-MAKER,
MiILLWRIGHT, of CARPENTER, shonld be without it It is illustrated with
fifty-s1x Steel Plates, and containg more than two hundred Diagrams The
author, Mr Mimfie, shows that he is master of his subject in all 1ts varions
branches, which he hag 1illustrated with Plans, Sections, Elevations, Per
spective and Linear Views of Buildings and Machimmery. Suca Boors—
ARE Booxs ™’




D. VAR NOSTRAND'S PUBLICATIONS.

&BBOT (H. L.) Siege Artillery in the Campaign against
Richmond, with Notes on the 15-inch Gun, including
an Algebraic Analysis of the Trajectory of a Shot in its
ricochet upon smooth water.  Illustrated with detailed
drawings of the U S. and Confederare rifled projectiles.
By Henry L. Abbot, Maj. of Engineers, and Bvt. Maj.-
General U. S. Vols,, commanding Siege Arullery,
Armies before Richmond. Paper No. 14, Professional

Papers, Corps of Engincers. 1 vol. 8vo, cloth..... . $3.50

ALEXANDER (J. H.) Universal Dictionary of Weights
and Measures, Ancient and Modern, reduced to the
standards of the United States of America. By J. H.
Aexander. New edition, enlarged. 1 vol. 8vo, cloth.

BENET (S. V.) Electro-Ballistic Machines, and the Schultz
Chronoscope. By Brevet Lieut.-Colonel S. V. Benét.
1 vol. 4to, illustrated, cloth ..........c... vesenss

BROOKLYN WATER WORKS. Containing a Descrip-
tive Account of the Construction of the Works, and
also Reports on the Brooklyn, Hartford, Belleville, and
Cambridge Pumping Engines  With illustrations. 1
vol. folio, cloth...evuieieenineenenans eeaeesaen

BURGH (N. P.) Modern Marine Engineering, applied to
Paddle and Screw Propulsion. Consisting of 36 colored
plates, 259 Practical Woodcut Illustrations, and 403
pages of Descriptive Blatter, the whole being an ex-
position of the present practice of the following firms:
Messts, J. Penn & Sons; Messrs. Maudslay, Sons &
Field; Messrs. James Wartt & Co.; Messrs, J. & G.
Rennie; Messrs. R. Napier & Sons; Messrs. J. & W.
Dudgeon; Messrs. Ravenhill & Hodgson; Messrs.
Humphreys & Tenant; Mr. J. T. Spencer, and Messrs.
Forrester & Co. By N. P. Burgh, Engincer. In 1 thick

3.50

4.00

15.00

vol 4to, cloth. .....eoiauas tesesitesrssassess 25.00
Do. do.” half morocce. vessvesssesscosssses 30.00



D. YAN NOSTRAND'S PUBLICATIONR

CAMPIN on the Construction of Iron Roofs. By Francis
Campin. 8vo, with plates, cloth......ovvuean....
CHAUVERET (Prof. Wm.) New Method of Correcting
Lunar.Distances, and Improved Method of Finding the
Error and Rate of a Chronometer, by equal altitudes.
By Wm. Chauvenet, LL. D. 1 vol. 8vo, cloth .....
COLBURBRN. The Gas Works of London. By Zerah Col-
burn, C. E. 1 vol. 12mo, boards................
CRAIG (B.F.) Weights and Measures. An Account of
the Decimal System, with Tables of Conversion for
Commercial and Scientific Uses. By B, F. Craig, M.
D. 1 vol square 32mo, limp cloth......cv.vuenes
COFFIN. Navigation and Nautical Astronomy; pre-
pared for the use of the U. § Naval Academy. By
Prof. J. H. C. Coffin.  4th edition enlarged. 12mo,

FRENCH'S ETHICS. Pmctlcal Ethics. By Rev. J. W.
French, D. D., Professor of Ethics, U. S. Military
Academy. Prepared for the Use of Students in the
Military Academy. 1 vol. 8vo, cloth............

FRENCH'S GRAMMAR. Part of a Course on Language.
Prepared for Instruction in the U. S. Corps of Cadets.
By Rev. ]J. W. French, D. D., Professor of Ethics
and English Studies in the United States Military
Academy, West Point. 1 vol 12mo, cloth,.......

¥FRANCIS. Lowecll Hydraulic Experiments, being a selex-
tion from Experiments on Hydraulic Motors, on the
Flow of Water over Wiers, in Open Canals of Uniform
Rectangular Section, and through submerged Orifices
and diverging Tubes. Made at Lowell, Massachusetts.
By James B. Francis, C. E. 3d edition, revised and
enlarged, with many new experiments, and illustrated
with twenty-three copperplate engravings. 1 vol. 4to,

3.50

4.50

2.50
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D. YAN NOSTEAND'S PUBLIOATIONS,

FRANCIS. On the Strength of Cast-Iron Pillars,with Tables
for the use of Engineers, ‘Architects, and Builders. By
James B. Francis, Civil Engineer. 1 vol. 8vo, cloth.. $2.00

A seientific treatise of inestimable value to those for whom it is intended "’—Boston
Dasly Advertrser.

GILLMORE (Gen. Q. A)) Treatise on Limes, Hydraulic
Cements, and Mortars, Papers on Practical Engineer-
ing, U. S. Engineer Department, No. 9, containing
Reports of numerous Experiments conducted in New
York City, during the years 1858 to 1861, inclusive.
By Q_ A. Gillmore, Bvt. Maj.-Gen , U. 8. A., Major,
Corps U. S. Engineers. With numerous illustrations.
vol. 8vo, cloth. s seieieinrncereereronneecnees 4.00

GOUGE. New System of Ventilation, which has been
thoroughly tested under the patronage of many dis-
tinguished persons. By Henry A. Gouge. Third
edition, enlarged. With many illustrations. 8vo,
cloth.iveiveeininiiiiiieriineiiieniseiiees. 2,00

HARRISON. The Mechanics’ Tool Book, with Practical
Rules and Suggestions for Use of Machinists, Iron
Workers, and others. By W. B. Harrison, associate
editor of the “ American Artisan.” Illustrated with 44
engravings. 12moycloth ...o.vieiiiiiiiiiaoie. 2.50

HENRICI (Olaus). Skeleton Structures, especially in their
application to the Building of Steel and Iron Bridges,
By Olaus Henrici. With folding plates and diagrams.

1 vol. 8voy cloth.uvivciiiiiiaiiiinnieeenenns 3.00

HEWSON (Wm.) Principles and Practice of Embanking
Lands from River Floods, as applied to the Levees of
the Mississippi. By William Hewson, Civil Engineer,
1vol. 8vo, cloth. cvvevieeceerceenns etessseene 2.00

#This is a valuable treatise on the principles and practice of embanking lands from
river floods, as applied to Levees of the 3lississipp, by a bighly intelligent and experi-
enced engineer, Tho autbor says it 13 & first attempt to reduce to order and to rule she
doaign, execution, and measurement of the Levees of the dhissizsippi It i3 a most usefm
and nseded contribution 1o szientifc litorature,”’—Philsdelphma Evemng Jouirnal,

2]



D. VAX NOSTRAND'S PUBLICATIONS,

HOLLEY (A. L.) Railway Practice. American and Euro-
pean Railway Practice, in the economical Generation of
Steam, including the Materals and Construction of Coal-
burning Boilers, Combustion, the Variable Blast, Va-
porization, Circulation, Superheating, Supplying and
Heating Feed-water, &c., and the Adaptation of Wood
and Coke-burning Engines to Coal-burning; and in
Permanent Way, inclading Road-bed, Sleepers, Rails,
Joint-fastenings, Street Railways, &c., &. By Alex-
ander L. Holley, B. P. With 77 lithographed plates.
) vol. folio, cloth ceveeeenicnnncen. crrecetecens $i2.00
& & & uAl] these subjects are treated by the author In both an Intelligent and ftel
ligible manner. The facts and 1deas are well arranged, and presented in a clear and eima.
ple style, accompanied by beautiful engravings, and we pres ime the work will be re

garded as indispensablo by all who are interested in a knowledge of the construction of
raiiroads and rolling stock, or the working of locomotives.”’—Scienisfic Amerscan.

HUNT (R. M.) Designs for the Gateways of the Southern
Entrances to the Central Park. By Richard M. Hunt,
With a description of the designs. 1 vol. 3to, illus-
trated, cloth ... 0vvivinnn.. Creseiassnrenn cere § OB

KING (W. H.) Lessons and Practical Notes on Steam,
the Steam Engine, Propellers, &c., &c., for Young Ma-
rine Engineers, Students, and others. By the late W,
H. King, U. S. Navy. Revised by Chief Engineer J.
W. King, U. S. Navy. Twelfth edition, enlarged. 8vo,
Coth tovnrneseeencesacancsacassaceannsens vee 2.08

THE KANSAS CITY BRIDGE, with an account of the
Regimen of the Missouri River, and a description of
Methods used for founding in that River. By O.
Chanute, Chief Engineer, and George Mornson,
Assistant Engineer. Illustrated with five hthographic
views and twelve plates of plans.  4to, cloth....... 6.00

McCORMICK (R. C.). Arizona : Its Resources and Pros-
pects. By Hon. R. C. McCormick.  With map, 8vo,

PAPCT cevovoseonas sosssossssonasansasscacane 35
6
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D. VAN NOSTRAND'S PUBLICATIONA.

PIERCE (Prof. Benj) System of Analytical Mechanics,
Physical and Celesttal Mechanics, by Benjamin Pierce,
Perkins Professor of Astronomy and Mathematics in
Harvard University, and Consulting Astronomer of the
American Ephemeris and Nautical Almanac. Developed
in four systems of Analytical Mechanics, Celestial Me-
chanics, Potential Physics, and Analytic Morphology.

1vol gto, cloth.evvvviivinninenenainaa 810,00

1 have re-examined the memoirs of the great geometers, and have striven to consoli.
date their latest researchrs and their most exaited forms of thot ght into a consistent and
uniform treatise If I have hereby succeeded in opening to the studeuts of my countsy a
readler access to thess choice Jewels of intellect, if their brilhancy 1s not impaired 1n thus
Attempt to reset them, if, in their own constellation, they illustrate each other, and con.
centrate a stronger hight upon the names of their discoverers, and, suill more, f any gem
which I may bave presumed to add 18 pot wholly lustreless i the co lection,—i sual} fosl

thas my work bas uot been in vam,”-—Extract from the Preface.

PLYMPTON. The Blow-Pipe; a System of Instruction in
its Practical Use, being a Graduated Course of Analy.
sis for the Use of Students and all those engaged in the
Examination of Metallic Combinations. Second edi-
tion, with an appendix and a copious index. By Geo.
W. Plympton, of the Polytechnic Institute, Brooklyn.
t vol. 1z2mo, cloth. .. u it irieiiin it iennnsns

POOK (5. M.) Method of Comparing the Lines and
Draughting Vessels Propelled by Sail or Steam. In-
cluding a chapter on Laying off on the Mould-Loft
Floor. By Samuel M. Pook, Naval Constructor. 1
vol 8vo, with illustrations, cloth .....c00vninias

RAKDALL’S QUARTZ CPERATOR’'S HAND-BCOK. By
P M Randall. New edition, revised and enlarged.
Fully illustrated  12mo, cloth.....o.ovvuvin ot

ROGERS (H. D)  Geology of Pennsylvania. A complete
Scientific Treause on the Coal Formations. By Henry
D. Rogers, Geologist. 3 vols. 4to, plates and maps.

Boards.ceeieesensesosrcrenrcsrcescennssnsss 30.00
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D. YAN ROSTRAND'S PUBLICATIONS,

BUBMARINE BRLASTING IN BOSTON HARBOR,
MASSACHUSETTS. Removal of Tower and Cor-
win Rocks, By John G. Foster, Lieutenant-Colonel
of Engmneers, and Brevet Major-General, United
States Army. With illustrations. 4to, cloth ,.....

BHAFFNER (T. P.) Telegraph Manual. A complete
History and Description of the Semaphoric, Electric,
and Magnetic Telegraphs of Europe, Asia, and Africa,
with 625 illustrations. By Tal. P. Shaffuer, of Ken-
tucky. New edition. 1 vol. 8vo, cloth, 850 pp....

SILVERSMITH (Julius). A Practical Hand-Book for Mi-
ners, Metallurgists, and Assayers, comprising the most
recent improvements in the disintegration, amalgama
tion, smelting, and parting of the Precious Ores, with a
Comprehensive Digest of the Mining Laws. Greatly
augumented, revised, and corrected. By Julius Silver-
smith. Fourth edition. Profusely illustrated. 1 vol.
1zmo, cloth ........ cersssssiassanes ceeses ces

SIMM'S LEVELLING. A Treatise on the Principles and
Practice of Levelling, showing its application to pur-
poses of Railway Engineering and the Construction
of Roads, &c. By Frederick W. Simms, C. E.
From the fith London edition, revised and corrected,
with the addition of Mr. Law’s Practical Examples
for Setting Out Railway Curves. Illustrated with
three lithographic plates and numerous wood-cuts,
8vo, cloth..... e eteceteeiaceasasiearannnn -

SUBMARINE WARFARE, Offensive and Defensive,
including a Discussion of the Offensive Torpedo
System. By Lieut.-Commander J. S. Barnes, U.S.N.
With illustrations.  8vo, sgloth .................

$3.50

3.00

2.50



D VAN NOSTRAND’S PUBLICATIONS.,

PLATTNER'S PLOW-PIPE ANALYSIS. A Complete
Guide to Quzlitative and Quanutative Examinations
with the Blow-Pipe. Revised and enlarged by Profl
Richter, Freiberg. Translated from the latest Ger-
man edition by Henry B. Cormnwall, A. M, E. M
8vo, cloth veviveieiiiiiiiiiiiriiiiinvnenenas $5.00
SPHERICAYL, ASTRONOMY. By F. Brunnow, Ph. Dr.
Translated by the Author from the Second German
edition. ¥ vol. 8vo,cloth...eiiivenniiiineea.. B.350

STILLMAN (Paul). Steam Engine Indicator, and the Im-
proved Manometer Steam and Vacuum Gauges—their
Utility and Application. By Paul Stillman. New
edition. 1 vol. 12mo, flexible cloth.............. 1,00

¢¢The purpose of this uscful volume is to bring to the notice of the numerous class of
those interested in the building and the use of steam engizes, the economy aud safety atiend-
tng the use of the instrument therein described. The Manometer has been long used—the
toventor is Watt in a cruder form, and the forms herem described are patented by the
suthor, The language of the author, the diagrams, and the scientific mode of treatment,
recommend the book to the careful consideration of all who bave engines 1n their care,”’=
Boston Post.

SWEET (S. H.) Special Report on Coal ; showing its Dis-
tribution, Classification, and cost delivered over different
routes to various points in the State of New York, and
the principal cities on the Adantic Coast. By S. H.
Sweet.  With maps, 1 vol. 8vo, cloth............. 3.w
WILLIAMSON. Practical Tables in Meteorology and
Hypsometry, in connection with the use of the
Barometer. By Col. R. S. Wilhamson, U. S. Army.
4to, flexible cloth. s uvveeevess voevencnncseness 2.50

WALKER (W. H.) Screw Propulsion. Notes on Screw
Propulsion, its Rise and History. By Capt. W. H.

Walker, U. S. Navy. 1 vol. 8vo, cloth........... 75

i After thoroughly demonstrating the efficiency of the screw, Mr Walker proceeds to
point out the various other pomnts to be attended to in order Lo secure an efficient wan of-
war, and eulogizos throughout thoe readiness of the Britich Admiralty to test every nov-
eity calculated to give satisfactory resuits ¢ ¢ ¢ & Commander Walker’s book con-
tains an imnmenso amount of concise practical data, and every item of informatson re-
corded fully proves that the various poimts hearing upon 14 have been well considered
peevionsly to expressing an opmion."—-londrinuilmma Journal.




D, VAN NOSTRAND'S PUBLICATIONS.

WEISBACH'S MECHANICS. New and revised edition.
A Manual of the Mechanics of Engineering, and of
the Construction of Machines. By Julius Weisbach,
Pu. D. Translated from the fourth augmented and
improved German edition, by Eckley B. Coxe, A. M,
Mining Engineer. Vol. I.-—Theoretical Mechanics.
I vol. 8vo, 1,100 pages, and 9oz wood-cut 1lustra-
tions, printed from electrotype copies of those of the
best German edition, coveverrnerees soeeencvens $10.00

Asstract oF CoNTENTS.—Introduction to the Cal-
culus—The General Piinciples of Mechanics—Pho-
ronomics, or the Purely Mathematical Theory of
Motion—Statics of Rigid Bodies—The Application
of Statics to Elasticity and Strength—Dynamics of
Rigid Bodies—Statics of I'luids—Dynamics of Fluids
—The Theory of Oscillation, etc,

& The present edition 13 an entirely new work, greatly extended and very much im.
proved, It forms a text-book which must find its way into the hands, not only of every
student, but of every engineer who desires to reiresh his memory or acquire clear ideas
on doabtful pomnts *—DPhe Technologst,

WARD (J. H.) Steam for the Million. A popular Trea-

tise on Steam and its Apphcation to the useful Arts,

especially to Nawigation. By J. H. Ward, Com-

mander U, S. Navy. New and revised edition. 1

vol. 8vo, cloth. ..o ieeiiiiiiiiniineniannenen. 1.00
WHILDEN (J. K.) On the Strength of Materials used

i Engineenng Construction. By J. K. Whilden.

1vol. 1zmo, cloth.coeei ciii it iiinieeanen, 2.00
WILLIAMEON (R. S.) Cn the use of the Barometer on

Surveys and Reconnaissances. Part I, Meteorology

in its Connection with Hypsometry. Part II. Ba-

rometric Hypsometry. By R. S, Wilhamson, Bvt.

Lieut -Col. U. S. A, Major Corps of Engineers.

With Illustrative Tables and Engravings. Paper

No. 15, Professional Papers, Corps of Engineers,

1vol. 4to, cloth..iivavaanas sereesivessssessss 15 0O




D. VAN NOSTRAND'R PUBLICATIONS.

ROEBLING (J. A.) Long and Short Span Railway
Bridges. By John A. Roebling, C. E. [Illustrated
with large copperplate engravings of plansand views,

Impenal folio, cloth. e c e ien i inenienncnnss .$25.co

CLARKE (T. C.) Description of the Iron Railway
Bridge over the Mississippi Ruiver, at Quincy, Ili-
nois. By Thomas Curtis Clarke, Chief Engineer.
Tllustrated with 27 lithographed plans. 1 vol. 8vo,

TUNNER (P) A Treatise on Roll-Turning for the
manufacture of Iron. By Peter Tunner. Trans-
lated and adapted by John B. Pearse, of the Penn-
sylvamia Steel Works, with numerous engravings
and wood-cuts. 1 vol. 8vo, text, and fol. vol. Plates,

ISHERWO0O0D (B. F.) Engineering Precedents for Steam
Machinery. Arranged in the most practical and
useful manner for Engineers. By B. F. Isher-
wood, Civil Engineer, U. S. Navy. With illustra-
tions, Two volumes in one. 8vo, cloth ....... .

BAUERMAN. Treatise on the Metallurgy of Iron, con-
taining outlines of the History of Iron Manufacture,
methods of Assay, and analysis of Iron Ores, pro-
cesses of manufacture of Iron and Steel, etc, etc,
By H. Bauerman. First American edition. Re-
vised and enlarged, with an appendix on the Martin
Process for making Steel, from the report of Abram
S. Hewitt. Illustrated with numerous wood engra-
vings. 12mo, cloth covvvevenaneiiiiaaiiniees

7 50

3.50

2.50

#Thig is an important addition to the stock of technical works published in this
country. It embodies the latest facts, discoveries, and processe3 connected with the
manufactore of iron and steel, and sbould be in the hands of every person interested in
the subdject, as well as in all technical and scientific hbraries.”’—Scientsfic Amerscan,

PEET. Manual of Inorganic Chemistry for Students.
By the late Dudley Peet, M. D. Revised and cn-

larged by Isaac Lewis Peet, A. M. 18mo, cloth...
12

75



D. YAN NOSTRAND'S8 PUBLICATIONS.

NUGENT. Treatise on Optics : or, Light and Sight, the-
oretically and practically treated ; with the applica-
tion to Fine Art and Industrial Pursuits. By E.
Nugent. With one hundred and three illustrations.

12mo, cloth...... Ceesesiaans vessscensasssss $2.00

4 This book 18 of a practicnl rather than a theoretical kind, and i8 designed to afford
sccurate and complete information to all interested in applications of the science,—Round

TJuble.

SABINE. HISTORY AND PROGRESS OF THE ELEC-
TRIC TELEGRAPH. By Robert Sabine, C.E. 2d
edition, with additions. Fully illustrated. 12mo, clo.

GLYNN (].) Treatise on the Power of Water, as applied
to drive Flour Mills, and to give motion to Tur-
bines and other Hydrostatic Engines. By Joseph
Glynn, Third edition, revised and enlarged, with
numerous illustrations, 12mo, cloth.eieceeecaes

PRIME. TREATISE ON ORE DEPOSITS. By Bemn-
hard Von Cotta. Translated from the Second Ger-
man edition by Frederick Prime, Jr., Mining Engi-
neer, and revised by the Author., With numerous
illustrations. 8vo, cloth. . v eviiievsenenavennss

HUMBER. A Handy Book for the Calculation of Strains
in Girders and similar Structures, and their Strength,
consisting of Formulz and corresponding Diagrams,
with numerous details for practical application. By
William Humber. 1zmo, fully illustrated, cloth. ..

GILLMORE. Engineer and Artillery Operations against
Charleston, 1863. By Major-General Q. A. Gill-
more. With 76 lithographic plates, 8vo, cloth ...

——— Supplementary Report to the above, with 7 litho-
graphed maps and views. 8vo, cloth....cvuse oo
13

1.75

2.5¢

10.00

5.00



D. VAN NUBTRAND'S PUBLICATIONS

AUCHINCLOSS, Link and Valve Motions Simplfied.
IMustrated with 37 wood cuts, and 21 hthographic
plates, together with a Travel Scale, and numerous

useful Tables. By W. S. Auchincloss. 8vo., clotii, $3

JOYHCSOW., IMIUTALS USED IN CONSTRUCTION—
Iron, Stecl, Bessemer Metal, etc., cte.  With 1llus-

trations. 12mo, cloth.....cvvieiiinriannnn. .

ELIOT AND STORER. A compendious Manual of
Qualitative Chemical Analysis. By Charles W. Elot,
and Frank H Storer, Illustrated, 12mo., cloth,...

VAN BUREN. Investigationsof Formulas, for the strength
of the Iron parts of Steam Machinery. By J. D. Van
Buren, jr., C. E. Ilustrated, 8vo., cloth,.........

JOYNSON. Desizgning and Construction of Machine
Gearing. Illustrated, 8vo,, cloth,.......vvvtnee,

HOW TO BECOME A SUCCESSFUL ENRGINEER.
Bemng hints to Youths intending to adopt the Pro-

fession. By Bernhard Suart. 18mo, cloth,......

FREE HAND DRAWING. a Guide to Ornamental, Fig-
ure and Landscape Drawing By an Art Student.
Profusely illustrated, 18mo., cloth,.............. .

THE EARTH’S CRUST. A handy Outhne of Geology.
By David Page. Iljustrated, 18mo., cloth,........

DICTIONARY of Manufactures, Mining, Machinery, and
the Industrial Ans. By George Dodd. 12mo.,
cloth,..... essresessarisenoas treeeens tseenens

I

oG

.75

73

75
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D. YAN NOSTRAND'S PUBLICATIONS.

MAYER. Lecture Notes on Physics. By Alfred M.
Mayer, Ph, D. 8vo, cloth............ ceeren.

A TREATISE ON THE RICHARDS STEAM-ENGINE
INDICATOR, with Directions for its Use. By Chas,

T. Porter. Revised with notes and large additions,
as developed by American Practice, with an Appendix
containing useful formul®e and rules for Engineers.

By F. W. Bacon, M. E., Member of the American
Society of Civil Engineers. 18mo, illustrated. Cloth.

OR THE FILTRATION OF RIVER WATERS, for the
Supply of Cities, as pracused in Europe, made to the
Board of Water Commissioners of the City of St.
Louws. By J. P. Kirkwood, Civil Engineer. Illus-
trated by 30 engravings. 4to, cloth.v.evevennn.. .

THE PLANE-TABLE AND ITS USE IN TOPOGRAPH-
ICAL SURVEYING. From the Papers of the U.

S. Coast Survey. 8vo, illustrated. Cloth.......

BEPORT on Machmery and Processes of the Industrial
Arts and Apparatus of the Exact Sciences. By F. A,
P. Barnard, LL. D. Pans Universal Exposition,
1867. 1 vol. 8vo, cloth...........

IRON TRUSS BRIDGES FOR RAILROADS. The
Method of Calculating Strains in Trusses, with a
)Careful Comparison of the most Prominent Trusses in
Reference to Economy in Combination, etc. By
Brevet Colonel Willlam E. Mernli, U. S, A,  Illus-
trated. 4to, cloth,....... cerseeresesertnant

USEFUL INFORMATION FOR RAILWAY MEN.
By W. G. Hamilion, Engincer. Second edition, re-

vised and enlarged. 6oo pp. Morocco gilt. For

$2.00

15.00

5.0C
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