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ADVERTISE~IENT. 


IN issuing a new and enlarged edition of thiR abridg
ment of MINIFIE'S TEI:r-BooK OF GE01\IETRICAL DRAW
ING, the publisher begs respectfully to call public 
attention to the very favorable notices elicited from 
the press by former editions of the work, both in the 
United f5tates 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 flubject. Some 
extracts from those reviews will be found at the end 
of the volume. 

1\1any of the schools and colleges of the Union have 
adopted the work as a TEXT-BoOK. It has also been 
adopted by the Oommittee 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 publiflher 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 
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ed ucation with a tithe of the importance it deserves; 
in fact, in a very large proportion 'of our published 
plans of instruction, it -is -not in~erted at all, and in 
many'of those in which it is named and professed to 
be taught, 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
me1!ts of Europe, especially by those of France and, 
England, to improve their manufactures by fostering: 
their schools of design, and by endeavors to instill 'a ' 
general knowledge of drawing among the'people by 1 

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 aaditional employm'ent to the community, and 
thus add to the general pro"'perity. 

Next to the press, TEACHEHS 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 occnpy the .position to which it is 
entitled, and which it has long maintained in the 
schools of Europe. 



PREFACE 
t!tg tbe ®ctabg 3'.SlJ{t(ou. 

HAVING been for several years engaged in teaching Architec
tural and Mechamcal Drawmg, 50th In the HIgh School of Bal
timore and to pnvate classes, I have endeavored wIthout success, 
to procure a book that I could mtroduce as a text book; works 
on Geometry generally con tam too much theory for the purpose, 
with an InSUfficIent amount of practIcal problems; and books on 
ArchItecture and Machmery are mostly too volummous and cost
ly, contammg much that IS entIrely unnecessary for the purpose. 
Under these CIrcumstances, I collected most of the useful practI
cal problems in geometry from a varIety of sources, SImplIfied 
them and drew them on cards for the use of the classes, arrang
mg them from the most easy to the more dIfficult, thus lead 109 

the students gradually forward; thIS was followed by the draw
ing of plans, sectIOns, elevatIOns and detaIls of BUlldmgs and 
MachInery, then followed Isometrical Drawmg, and the course 
was closed by the study of Lmear Perspectlve and Shadows; the 
whole bemg lllustrated by a senes of short lectures to the prIvate 
classes. 

I have been so well pleased WIth the results of this method of 
InstructIOn, that I have endeavored to adopt Its general fe<ltures 
m the arrangement of the followmg work. The problems III 
constructive geometry have been selected WIth a VIew to theIr 
practlcal applIcatIOn In the every-day bUSIness of the EngIneer, 
Archltect and Artlzan, whIle at the same time they afford a good 
senes of lessons to facIhtate the knowledge and use of the instTU 
ments reqUIred In mechamcal drawmg. 

The defimttons and explanations have been given In as plam 
and Simple language as the subject WIll admit of; many persons 
Will no douLt thmk them too SImple. Had the book been Intend
ed for the use of persons versed 10 geometry, very many of the 
explanatIons mIght have been dlspensed WIth, but It IS mtended 
chiefly to be used as a first book in geometrical drawmg, by per
sons who have not had the benefit of a mathematlcal eduUltlOn, 
and who In a majonty of cases, have not the time or inclinatton 

lit 
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to study any complex matter, or what is the same thmg, that 
whICh may appear so to them. And If used m schools, Its de
talleJ explanatIOns, we belIeve, wIll save tIme to th~ teacher, by 
permlttmg the scholar to obtam for hImself much mformatlon 
that he would otherwise reqUIre to have explamed to hIm. 

But It IS also mtended 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 m too sImple language 
With a view of adaptmg the book to thIS class of students, thl" 
IllustratIOns of each branch treated of, have been made progrt's
SIve, commencmg wIth the plamest diagrams; and even 1U the 
more advanced, the object has been to mst!l prmcIples rather thun 
to produce effect, as those once obtamed, the student can elth£'r 
deSign for hImself or copy from any subject at hand. It IS hoppd 
that thiS arrangement wIll mduce many to study drawmg who 
would not otherwise have attempted It, and thereby render them
splves much more capable of conductmg any busmess, fur It has 
been truly saId hy an emment wrIter on ArchItecture, "that one 
workman IS superIor to another (other CIrcumstances bemg the 
same) directly m proportIOn to hIS knowledge of drawmg, and 
those who are Ignorant of It must III many respects be sub~er
VIent to others who have obtamed that knowledge." 

The SIze of the work has ImperceptIbly mcreased far bf>yond 
my ongmal deSIgn, whICh was to get It up m a cheap form With 
IllustratIons on wood, and to con tam about two-thuds of the 
number m the present volume, but on exammm~ some SPP('I
mens of mathematIcal diagrams executed on wood, I was dl:,
satIsfied WIth their want of neatness, partIcularly as but few stu
dents aIm to excel their copy. On determmmg to use steplillus
traUons, I deemed it adVIsable to extend Its scope, unUlit haQ 3t

tamed Its present bulk, and even now I feel more disposed to 
mcrease than to curtaIl Jt, as It con tams but few examples either 
m ArchItecture or Machinery. I trust, however, that the obJf>c
tor to Its size WIll find It to con tam but little that IS absolutely 
useless to a student. 

In conclUSIOn, I must warn my readers ag'lmst an Idea that I 
am sorry to find too prevalent, VIZ: that drawmg reqUlrf>S but 
httle time or study for its attamment, that It may be Imbd>ed. In

voluntarIly as one would fragrance m a flower garden, WIth lIttle 
or no exertIon on the ~art of the recipIent, not that the Idea is 
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expressed m so many words, but It IS frequently manIfestell by 
thl:'Ir dIssatisfaction at not beIng able to make a drawIng m a few 
lessons as well as their teacher, even before they have had suffi
CIent practIce to have obtaIned a free use of the Instruments. I 
have known many gIve up the study m consequence, who at 
the same tune If they should be apprentIced to a carpenter, would 
be satIsfied If they could use the Jack plane wuh faclhty after 
several weeks practice, or be able to make a sash at the end of 
some years. 

Now this Idea IS fallacIOUS, and calculated to do much injury, 
profiCIency m no art can be obtamed Without attentIve study and 
mdustnous perseverance. Drawmg is certamly not an excep
tlOn; but the dIfficultIes wIll soon vanIsh If you commence with 
a determmatlOn to succeed; let your motto be PERSEVERE, never 
say "It IS too dIfficult ," you wIll not find it so dIfficult as you 
Imagme If you WIll only gIve it proper attE'ntlon; and If my 
labors have helped to smooth those dIfficulties it WIll he to me a 
source of much gratJficatlon. 

WM. MINI FIE. 
BA.LTIMORE, 
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PRACTICAL G,EO~IETRY. 


PLA1'E I. 
DEFINITIONS OF LINES AND 4NGLES. 

1. A POINT i~ said to have position without magni
tude; and it is therefore generall.y represented to the 
~ye by a sman dot, as at .fl. 

2. A L~E is considered as lengt~ without breadth or 
thickness, it is in fact a succession of points; its ex
tremities therefore, are points. Lmes are of three 
kinds; right lines, curved lines, and mixed lines. 

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

4. A CURVE or CURVED LINE i~ 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 
~ame points. Curved lines are eith~r regular or irre
gular. 

6. A REGVLAl! CURVED LINE, as (1, is a portion of 
the drcumference of a circle, the degree of curvature 
being the same throughout its entire lengt9. A~ ir
rl'gular curved line has not the same degree of cu~\?a
ture tllfoughout, but varies at dlfferent points. 

6. A WAVED LINE may be t~ither 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 elther 
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 lme. 

7.- lVhxED LINES are composed of straight and curv
ed lines, as D. 

8. PARALLEL LINES 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. INCLINI<:D LINES, as H and I, if produced, would 
meet in a point as at K, formIng an angle of which 
the point Ii is called the vertex or angular point, and 
the lines H and I the legs or sides of the angle K; 
the pomt of meeting is also called the summit of an 
angle. 

10. PERPE~DICULAR LINEs.-Lines are perpendic
ular to each other when the angles .on either side of 
the point of junction are equal; thus the lines JV: O. P 
are perpendicular to the line L..]~f. The lines No O. 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. VERTICAL and HORIZONTAL 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. Yand Z. 

12. ANGLES.-Two right lines drawn from the same 
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point, diverging from each other, form an angle, as the 
hnes S. Q. R. An angle is commonly desIgnated by 
three letters, and the letter designatmg the point of di
vergence, whICh in this case is Q, is ahva) s placed in 
the middle. Angles are either acute, right or obtuse. 
If the legs of an angle are perpendicular to each other, 
they form a right angle as T. Q. R, (mechanics' 
squares, if true, are always right angled ;) if the sides 
are nearer together, as S. Q. R, they form an acute 
angle; if the sides are wider apart, or diver~e from 
each other more than a right angle, they form an 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 T. Q. R. 

PLATE II. 


PLANE RECTILINEAR SUPERFICIES. 


13. A SUPERFICIES or SURFACE is considered as an 
E'xtension of length and breadth without thickness. 

14. A PLANE SUPERFICIES is an enclosed flat ~ur
face that will coincide in every place with a straight 
hne. I t is a succession of straight lines, or to be more 
explicit, If a perfectly straight edge? ruler be placed on 
a plane superficies in any direchdn, 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 R~CTILINEAR or RECTILLNEAL. As all 
the figures on plate second agree with the above defi
nitIOns, they are PLANE RECTILINF.AR SUPERncIEs. 

16. Figures bounded by more than four ri~ht lines 
are called POL~GONS; tqe boundary of a PQlygon is 
called Its PERIl\IETI<:R. 

17. W~en SURFJ\CES are bounded by three right 
lines, they ~re called TRIANG;LES or TRIGONS. 

18. An EQUIL4TERAL TRIANGLE has all its sides of 
equal length, and aU its angles equal" as .11. 

19. An I~OSCEL]i:S, 'rR,IANGLE has two of its sides 
and two of its angles equal, as B. 

20. A SCALENE TRIANGLE has all its sides and 
angles unequal, as C. 

21. An ACUTE ANGLED T~IANG~E has all its angles 
acute, as .J1 and B. 

22. A RIGHT ANGLED TRIANGLE has one right 
angle; the side oppo~nte the right angle is called the 
hypothenuse; the other sides are called respectively the 
base and perpendICular. The figures .11. B. C, are 
each dIvided into two right angled triangles by the 
dotted lines running ac~oss them. 

23. An OBTUSE ANGLED TRIANGLE has one obtuse 
angle, as C. 

24. If figures .11 and B were cut out and folded on 
the dotted line in the centre of each. the opposite sides 
would e~act1y coincid.e; they ar,e therefore, regular 
t1·iangles. 

25. Any of the sides of an equilateral or scalene tri
angle may be called its BA~E, 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 ALTITUDE of a Triangle is the length of a 
perpendicular let fall from its vertex to its base, as a . 
.11. and b. B, or to its base e~tended, as d. d, figure C. 

http:RECTILINF.AR


15 PLATE II. 

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 hnes, 
they are caned QUADRILATERALS, QUADRANGLES or 
TETRAGONS; either (If the figures D. E. F. G. Hand 
K may be called by either of those terms, which are 
common to all four-sIded fIght hned figures, although 
each has its own proper name. 

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

29. When all the angles of a Tetragon are fight an
gles, the figure is called a RECTANGLE, as fignres 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 OBLONG. 

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 RHOMB, or 
RHOMBUS; It is also called a DIAMOND, and sometimes 
a LOZENGE, more particularly so when the figure is 
used In heraldry. 

33. When the sides of a parallE'logram are not all 
equal, and the angles not right angles, but whose oppo
site sides are equal, as figure G, it is called a RHOM
BOID. 

34. If two of the sides of a Quadrilateral are parallel 
to e<lch other a" the sides II and 0 in fig. 11, it is call
ed a TRA PF zo m. 

35. All other Quadrangles are called TRAPEZIUMS, 
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the term bemg applied to all Tetragons that have no 
two Slues parallel, as K. 

NOTE -The tE>rms TRHEZOID and TIlHEZIUM are applied 
mdlscrunmately by some wnters to eIther of thE> figures Hand K; 

~ 	 bv otht'rs~ fig. H IS called a Trapezium and fig K a Twpezoid, 
and thIs appears to be the more correct method; hut as TrapezOid 
IS a word of comparatively modern ongm~ I have used It as It IS 
most generally applIed by modern wrIters, more partlcularly so 
m works on ArchItecture and MechanICS. 

36. A DIAGONAL is a lme running across a Quad
rangle, connecting its opposite corners, as the dotted 
lines In figs. D and F. 

NOTE.-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 

Ist. It IS a plane Figure-see paragraph 14. 

2nd. It IS Rectllineal, bemg composed of rIght lmes. 

3rd. It IS a Quadrilateral, bemg bounded by four Imes. 

4th. It IS a QlIndrangle, havmg four angles. 

5th. It IS a Tel1·agOll, havmg four Sides. 

6th. It IS a Pcwallelogram, Its OpposIte Sides bemg parallel. 

7th. It IS a Rectangle, all Its angles beIng right angles. 

All the above may be called comnum names, because they are 


applIed to all figures _havmg the same properties. 
8th. It is a Square, which IS Its proper name, dlstmgmshmg it 

from all other figures, to whJCh some or all of the above terms 
may be apphed. 

All of them except 7 and 8, may also be appbed to fig. F, with 
the same propnety as to fig. D; beSIdes these, fig. F has four 
proper names dIstIngUIshIng It from all other figures, VIZ: a 
Bhomb, Rh01nbm, Dwmond and Lozenge. 

If the studE>nt wIll analyze all the other figures in the same 
manner, he wIll soon become perfectly famIliar WIth lhem, and 
each term WIll convey to hIS mmd a clear defimte Idea. 
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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 CIRCUMFEU.
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 RADIUS of a circle is a line drawn from the 
centre to any point in the cIrcumference, as C • .11, C. B 
or C. D, fig. 1. The plural of Radius is RADII. All 
radii of the same circle are of equal length. 

5. The DIAMETER of a circle is any right line 
drawn through the centre to opposIte pomts of the cir
cumference, as .11. 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 S El\UCIRCLE is the half of a circle, as fig. 2; 
it is bounded by half the circumference and by a di
ameter. 

7. A S EGM ENT of a circle is any part of the surface 
cut off by a fIght lme, as in fig. 3. Segments may be 
therefore greater or less than a semicircle. 

S. An ARC of a circle is any portion of the circum
ference cut off, as C. G. D or E. G. F, fig. 3. 
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9. A CHORD 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 SECTOR of a circle is a space contained be
tween two radii a)1d,the arc wllich they intercept, as E. 
C. D, or O. C. H, fig. 4. 

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

12. A DEGREE.-The circumference of a circle is 
consulered as thvlded into 360 equal parts 6alled DE
GREES, (marked 0) 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 radll drawn from the centre of a circle to 

I 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 hne, it 
would divide the arc of the quadrant also 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 used to mea
sure angles, and when we speak of an angle of any 
number of de~ree", it is understood, that if a circle 
wit,'>., any len{fth of radius, be struck with one foot of the 
dit'iders in the angular point, the sides of the angle will 
inte1'cept a p()rtion of the circle equal to the number of 
degrees given. 
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NOTE -This diVisIOn of the circle is purely arbitrary, but It 
has eXisted from the most anCIent times and every where. Dur· 
mg the revolutIOnary perIod of 1789 m France, it was proposed 
to adopt a decimal dIYISIOn, by whICh the circumference was 
reckoned at 400 grades, but thiS method was never extensively 
adopted ~nd IS now virtually abanllolled. 

13. The COMPLEMENT of an Arc 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 SUPPLEMENT of an Arc or of an Angle IS 

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 TANGENT 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 pomt of 
contact, or the tangent point. 

16. A SECANT is a right line drawn from the centre 
of a CIrcle cutting Its cil cumference and prolonged to 
meet a tangent as C. E fig. 8. 

NOTE -SEC 'NT POINT IS the same as point if intersection, 
bemg the pomt where two hnes cross or cut each other. 

17. The Co-TANGEN'l' of an arc is the tangent of the 
comp1ement of that arc, as H. K fig. 8. 
NOTE -The shaded parts m these diagrams are the glyen angles, 

but If III fig. 8, D C. II be the given ,mgle and D H the given 
arc, then H. K. would be the tangent and B. E the co-tangent. 

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

19. The CO-SINE 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 . .I1 are Radii; .11. B the Diameter; B. C. D 
a Sector; B. C. H a Quadrant. Let B. C. D be the 
given .I1ngle, and B. D the given .I1rc, then B. D. is 
the Chord, D. H the Complement, and D . .11 the Sup
plement of the arc; D. C. H. the Complement and D. 
C . .11 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 Ve1'sed Sine. 

PLATE IV. 

TO ERECT OR LET FALL A PERPENDICULAR. 

PROBLEM 1. FIGURE 1. 

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

1st. \Vlth any radius greater than one half of the 
given line, and with one point of the dividers in .11 and 
B successively, draw two arcs intersecting each other, 
in Cand D. 

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

PROBLEM 2. FIG. 2. 

From the point D in the line E. F to erect a pe1']Jen
dicular. 

1st. With one foot of the dividers placed in the given 
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point D with any radius less than one half of the line, 
descnbe an arc, cutting the given line in Band C. 

2nd. From the points Band C 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. 

PROBLEM 3. FIG. 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 radiu~ and the dividers in any 
point of the arc, 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. 

NOTE.-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 extremItIes 
of a semlCirc1e right lines be drawn to any POlDt ID thE' curve, the 
angle formed by them Will be a right angle. ThIS affords a ready 
method for forming a U 'quare COrntT," and wIll be found useful 
on many occasIOns, as Its accuracy may be depended on. 

PROBLEM 4. FIG. 4 . 

.I1nother 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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PROBLEIU 5. FIG. 5. 

From the point D to let fall 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.l1. 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 perpendioular required. 

PROBLEM 6. FIG. 6. 

When the point D is nea1'ly opposite the end of the line. 

1st. From the given point D, draw a right line to 
any point of the line .11. B as O. 

2nd. Bisect O. D by problem 1, in E. 
3rd. 'Vith one foot of the compasses in E with a ra

dius equal to E. D or E. 0 descnbe an arc cutting .11. 
Bin F. 

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

NOTE.-The reader wIll .percelve that we have arnved at the 
same result as we dId by problem 3, but.by a different process, 
the right angle I bemg formed wlthm a semIcIrcle. 

PROBLEM 7. FIG. 7. 

Another method of letting fall 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 lme ../1. B as at F, draw an arc D. 
H. C. 

http:cutting.l1
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2nd. vVlth any other radius as E. D draw another 
arc D. K. C, cuttmg the first arc In C and D. 

3rd. From D draw D. C, then D. G is the perpen
dIcular reqUlred. 

NdTE.-ThE> POlots E and F from which the arcs are drawn, 
shoulU be as far apart as the hne .9.. B will admit of, as the exact 
pomts of mtersectIOn can be more easily found, for It IS eVIdent, 
'that the nearer two hnes cross each other at a rIght angle, the 
finer wIll be the pomt of contact. 

PRODLEM 8. FIG. 8. 

To' erect a perpendicular at D'the end of the line C. D, 
with a scale of equal parts. 

ht. From any scale of equal parts take three in your 
dIVIders, and WIth one foot in D, cut the line C. Din 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. 

NOTE 1st. 11ffour parts wete'first taken in the dividers and latd 
off on the Ime C. D, then three parts should be used for stnking 
the indefinite arc, at .11, and the five parts struck from thE> pomt 
C, which would gIve the intersectIon.ll, and arnve at the same 
result. 

2nd. On referrmg to the definrtlons of angles, it WIll be found 
that the SIde of a rIght angled trrangle opposlfe the right angle IS 

callE>d the Hypothenuse; thus the lme E. B IS the hypothenuse 
of the tmmgle E. D. B. 

3rd. The square of the hypothenuse of a rIght angled triangle 
I~ equal to the sum of the squares of both the other Sides. 

4th. The sfluare of a number is the product of that number 
multlplieu by Itself. 

http:intersectIon.ll


24 PLATt<: IV. 

Ea:ample -The length of the sIde D. E IS 4, whlC'h multiplIed 
by 4, WIll gIve for Its square 16. The length of D. B IS 3, which 
multIplIed by 3, gIves for the square 9. The products of the two 
sides added together gIve 25. The length of the hypothenuse IS 
5, whICh multIplIed by 5, gives also 25. 

5th. The results wIll always be the same, but If fractional parts 
are used In the measures, the proof is not so ObVIOUS, as the mul
tIplicatIOn would be more complIcated. 

6th. 3,4 and 5 are the least whole numbers that can be used 
III laymg down thIs dIagram, but any multIple of these numbers 
may be used; thus, if we multIply them by 2, it would give 6, 8 
and 10; If by 3, It would gIve 9, 12 and 15; If by 4-12, 16 and 
20, and so on. The greater the dIstances employed, other things 
bemg equal, the greater Will be the probable accuracy of the-result. 

7th. We have used a scale of equal parts WIthout designatmg 
the UnIt of measurement, whIch may be an Inch, foot, yard, or 
any oth!:'r measure. 

8th. As thIS problem is frequent1y used by practical men in 
laymg off work, we wIll give an Illustration. 

Example.-Suppos!:' the hne C. D to be the front of a house, 
and It IS deSIred to layoff the SIde at rIght angles to it from the 
corner D. 

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

2nd. WIth a distance of sIxteen feet, the ring remaining at D, 
trace a short clTcle on the ground at E. 
• 3rd. Remove the rmg to B, and WIth a distance of twenty feet 
cut the first CIrcle at E. 

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

PROBLEM 9. FIG. 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 .11, 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 . .11 and 
G. B, which complete the figure. 

PROBLEM 10. FIG. 2. 

To construct an .I1ngle at K equal to the .I1ngle H. 

1st. From H with any radius, draw an arc cutting 
the sides of the angle as at M. No 

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

3rd. Draw K. 0 parallel to H. M. 
4th. Take the distance from M to N and apply it 

from 0 to P. 
5th. Through P draw K. P, which completes the fi

gure. 

3 
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PROBLEM 11. FIG. 3. 

To Bisect the given .Ilngle Q by a 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 8. 

2nd. With the same or any other radius, greater than 
one-half R. 8, from the points 8 and R, describe two 
arcs cutting each other, as at T. 

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

NOTE.-This problem may be very usefully applIed by workmpn 
on many occasions. Suppose, for example, the comer Q be the 
comer of a room, 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 lme, and you have the exact angle for cuttmg the mitre. 
ThiS rule wlll apply equally to the internal or external angle. 
Most good pracllcal workmen havf> several means for gettmg the 
cut of the mItre, and to them this demonstratlOn wdl appear un
necessary, but I have seen many men make sad blunders, for 
want of knOWlDg thls Simple rule. 

PROBLEM 12. FIG. 4. 

To Trisect a Right .!lngle. 

1st. From the angular point V with any radius, de
scribe an arc cutting the sidf:'s of the angle, as in X 
and W. 

2nd. 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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PROBLEM 13. FIG. 5. 

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

1st. Bisect two of the angles by problem 11, as .Il 
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. 

PROBLEM 14. FIG. 6. 

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

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

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

PLATE VI. 


CONSTRUCTION OF POLYGONS. 


A figure of 3 sides is called a Trigon. 
" 4" " Tetragon. 

polygon 5" " Pentagon. 
" 6" " Hexagon. 
" 7" " Heptagon. 
" 8" " Octagon. 
" 9" " Enneagon or N onagon. 



28 PLATE VI. 

A polygon of 10 sides is called a Decagon. 
" 11" " Undecagon. 
" 12 H " 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 cal1ed an irregular polygon. 

2nd. It is not necessary to say a regular Hexagon. 
regular Octagon, &c.; as when either of those figures 
is named, it is always supposed to be regular, unless 
otherwise stated. 

PROBLEM 15. FIG. 1. 

On a given line A. B to "ConstruLt a square whose side 
shall be equal to the given line. 

1st. With the length .11. B for a radius from the 
points .11 and B, describe two arcs cutting each other 
in c. 

2nd. Bisect the arc C . .11 or C. B in D. 
3rd. From C, with a radius equal to C. D, cut the 

arc B. E in E and the arc .11. Fin F. 
4th. Draw .11. E, E. F and F. B, which complete 

the square. 

PROBLEM 16. FIG. 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 i\l o. o. 0, &c. 

3rd. Draw the right lines O. 0., O. 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 t~ R which run on aU 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. 

PROBLEM 17. FIG. 3. 

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

1st. For the TRIANGLE, with the radius of the given 
circle from any point in the circumference, as at .11, de
scribe an arc cutting the circle in Band 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. Band D. C, which complete the tri
angle. 

4th. For the HEXAGON, take the radius of the given 
circle and carry it round on the circumference six times, 
it will give the points.l1. 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 

L____________________________________________________ therein. 
----~ 
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5th. For the DODECAGON, bisect the arcs between 
the points found for the hexagon, which will give the 
points for inscnbing the dodecagon. 

PROBLEM 18. FIG. 4. 

In a given Oircle to insc'ribe a Square and an Octagon. 

1st. Draw a diameter A. B, and bisect it with a per
pendicular by prpblem 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 OCTAGON, bisect the sides of the square 
and draw perpendiculars to the circle, or bisect the arcs 
between the points A. C. B. D, which will give the 
other angular points of the required octagon. 

PROBLEM 19. FIG. 5. 

On the given line O. P to construct a Pentagon, O. P 
being the length 0/ the side. 

1st. With the length of the line O. P from 0, de
scribe the semicircle P. Q, meeting the line P. 0, ex
tended in Q. 

2nd. Divide the semicircle into five equal parts and 
from 0 draw lines through the divisions 1, 2 and 3. 

3rd. With the length of the given side from P, cut 
Olin S, from S ('ut 0 2, in R, and from Q cut 0 2 
in R; connect the points o. Q. R. S. P by right lines, 
and the pentagon will be complete. 
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PROBLEl\1 20. FIG. 6. 

On tIle given line A. B to cO'n$trttct. a Heptagon, A. B 
being the length of the side. 

1st. From.l1 with .11. B for a radius, draw the semi
circle B. H. 

2d. Divide the semicircle into seven equal parts, and 
from .11 through 1, 2, 3, 4 and 5, draw indefinite hnes. 

3rd. From B cut the line .111 in C, from C cut ..11 2 
in D, from G cut .Il 4 in F, and from F cut.l1 3 in 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. 


PROBLEM 21. FIG. 1. 

To find the Cent1·e of a Circle. 

1st. Draw any chord, as .11. B, and bisect it by a 
perpendlcular 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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FIGURE 2 • 

.Another met/wd 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. 

PROBLEM 22. FIG. 3. 

To draw a Circle through any three points not in a 
straight line, as M. N. O. 

lst. 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. N, or C. 0, describe the circle. 

PROBLEM 23. FIG. 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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PROBLEM 24. FIG. 5. 

To find a Right 	Line nearly equal to an .I1rc of a 
Circle, as H. I. K. 

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

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

3rd. With one foot of the dIviders in H, and a radius 
equal to H. I, cut H. 0 in M, then with the same ra
dius, and one foot in M, cut H. 0 again in No 

4th. Divide the difference K. N into three equal 
parts, and extend one of them toward 0, then will the 
right line H. 0 be nearly equal to the curved line 
H. 1. K. 

PROBLEM 25. FIG. 6. 

To find a Right Line nearly equal to the Semicircum
fe'renee A. F. B. 

1 st. Draw the diameter.l1. 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 .11, the end of the diameter .11. 

B, draw G . .11. D, cuttmg the line 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 .11. 
G. B will be eqUIlateral. 

NOTE.-The fIght hnes 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. Wmokmen are in the habIt of 
usmg the followmg method for findmg the length of a curved 
hne:

They open their compasses to a small distance, and commenc
ing at one end, step off the whole curve, notmg the number of 
steps reqUired, and the remamder less than a step, If any; they 
then step off the same number of times, wIth the same distance, 
on the artif'le to be bent around It, and add the remamder, wlnch 
gIves them a length suffiClently true for thelT purpose: the error 
III 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. 


FIGURE 1. 

The parallel ruler figured in the plate, consists of 
two bars of wood or metal .11. 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 v;hich connect them to the bars; if the bar.l1. 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 .fl. 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 lme and held in 
that position, another line may be drawn parallel to the 
first at any distance within the range of the instrument. 
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This is it~ 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. 

ApPLICATION.-PROBLEM 26. FIG. 2. 

To divide the Line E. F into any numbe,' 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 dividels, 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. 

PROBLEM 27. FIG. 3. 

To divide a Line of the length of G. H in the same pro
portion as the Line I. 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. L will be divided in. the 
same proportion as I. K. . . _ " _ 

PROBLEM 28. FIG. 4. I 

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.l1. D, place one edge of the 
ruler on the line .B. D and extend the other edge to B, 
then draw B. E, cutting C. D extended in E. 

3rd. Join.fl. E, then the area of the triangle .11. E. 
o will be equal to the trapezium .fl. B. C. D. 

PROBLEM 29. FIG. 5. 

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

1st. Prolong I. H indefinitely. 

2nd. Draw the diagonal F. Hand G. M parallel to 


it, cutting 1. H in M, and draw F. M. 
3rd. Prolong K. I indefinitely toward L. 
4th. Draw the diagonal P. I and draw oN!. 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. 


PROBLEM 30. FIGURE 1. 

To Construct a Scale of Chords. 

Let .11. 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. 

http:diagonal.l1
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2nd. Divide the arc into three equal parts as fol
lows :-WIth the radius of the quadrant, and the divi
<.lers in C, cut the arc in 60; then, wIth one foot in E, 
cut the arc in 30. 

3rd. Divide thcse 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.l1. B. 

5th. Divide each of the spaces on the arc into ten 
equal parts, and transfer the chords to .11. B, when we 
shall have a scale of chords corresponding to the re
spective degrees. 

NOTE I.-ThiS scale is generally found on the plane scale 
which accompames a set of drawlDg mstruments, and marked C, 
or Ch. 

NOTE 2.-Any scale of chords may be re-constructed by usmg 
the chord of 600 as a radJUs for descrIbmg the quadrant. 

ApPLICATION.-PROBLEM 31. FIG. 2. 

To lay down an .I1ngle at F, of any number of degrees, 
say 25, the line G. F to forml one side of the .I1ngle. 

1st. Take the chord of 60° in the dividers, and with 
one foot in F, describe an indefinite are, cuttmg 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 0 or P, and in the same manner for any other 
angle. 

4 
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PROBLEM 32. FIG. 2. 

To measure an .I1ngle F, 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 Hand 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 PAR'rS. 

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 di.agonal scales. 

2nd. Scales of equal parts may be made of any size, 
and may be made to represent any pnit 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, mile, or degree, or any other 
quantity • 

.ard. The measure which the scale is intended to 
represent, is called the unit ofmeasurement. 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, whlch is equal 
to one-eighth of the full SIze. Thls is very convement, 
as every workman has a, scale on his rule, whlch he 
can apply to the drawing with facIllty. Scales are 
generally made to suit each particular case, dependant 
on the Slze 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 DRAW A SCALE. 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 dl viders 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 
dlviders, 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 0, 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 wi~h 
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 di, ider" at 3, numbered 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 1 0, 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, nnd 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 a large 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. 

FIGURE 4 

Is A HALF INCH DIAGONAL SCALE, 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 n~mber them as in 
the diagram. 

To take any measure from this scale, say 2' 1", 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 



41 PLATE IX. 

diagonal line, which gives the chmension. If we wish 
to take I' 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. 

FIGURE 5 

Is AN INCH DIAGONAL SC.A.LE, divided mto 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 diag-onal 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 
dn-ision, 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, dh'ided into feet, 
inches, &c., we must draw 13 parallel horizontal lines, 
and divide the left hand space also into 13. 
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PLATE X. 

CONSTRUCTION OF THE PROTRACTOR. 

FIGURE 1. 

The protmctor 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 100 to 1800 

, 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 
ob,ious from the drawing; a small notch or mark in 
the centre of the straight edge of the instrument denotes 
the centre from which the semicircle is described, and 
the angular point in which all the lines meet. 

ApPLICATION.-PROBLEM 33. FIG. 2. 

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

From the point 0 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 0, then 
mark lhe angle of 900 at 8. 

2nd. From 8 draw S. 0, which gives the required 
angle. 
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While the instrument is in the position described, 
with Its centre at 0, any other angle may be laid down, 
thus at Q we have 30°, at R 60°, at T 120°, and at 
V 150°, and so on from the fraction of a degree up to 
umo. 

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 
adjoinmg 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 450; 
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 conseque~ce of the rise of an arch being so 
small compared to its span. 

PROBLEM 34. FIG. 1. 

To describe a Segment with a Triangle. 

NOTE.-In all the diagrams in this plate .11. B is the span of 
the arch, .11. D the rise, and C the centre of the crown of the arch. 

1st. Make a trIangle 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 .11 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. 
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PROBLEM 35. FIG. 2. 

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

1st. Drive a nail at JJ. and another at B, place one 
strip against J1 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.l1. and B, describe the curve 
from C toward .11., and from C toward B. 

PROBLEM 36. FIG. 3. 

To draw a Parabolic Curve by the intersection of lines 
forming _Tangents to the Curve. 

1st. Draw C. 8 perpendicular to .11.. B, and make it 
equal to .11. D. 

2nd. Join.l1.. 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. 

PROBLEM 37. FIG. 4. 

To draw the same Curve by another method. 

1st. Divide .11.. D and B. E, into any number of 
equal parts, and C. D and C. E into a similar number. 

http:against.l1
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2nd. Draw 1. 1.-2. 2. &c., parallel to.l1. D, and 
from the points of division in .11. D and B. E, draw 
hnes to C. The points of intersection of the respec
tive lines, are points in the curve. 

NOTE.-The curves found, as in figs. 3 and 4, are quicker at 
the crown than a true circular segment; but, where the rIse of 
the arch IS not more than one-tenth of the span, the VariatIOn 
cannot be perceIved. 

PROBLEM 38. FIG. 5. 

To describe a True Segment ofa Circle by Intersections. 

1st. Draw the chords .11. C and B. C, and .11. 0 and 
B.a. perpendicular to them. 

2nd. Prolong D. E in each direction to O. 0'; di
vide O. C, C. 0', .11. D, .11. 6, B. 6, and B. E into the 
same nnmber of equal parts. 

3rd. Join the points 1. 1.-2. 2. &c., in .11. Band 
O. 0'. 

4th. From the divisions in.l1. D, and B. E, draw 
lines to C. The points of intersection of these lines 
with the former, are points in the curve. A semicircle 
may be described by this method. 
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PLA TE XII. 

TO DESCRIBE OVAL FIGURES COMPOSED OF 

ARCS OF CIRCLES. 


PROBLEM 39. FIG. 1. 

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

1st. Divide.l1. B the given length, into three equal 
parts, in E and F. 

2nd. \Vlth one o(those parts for a radius, and the 
compasses in E and F successively, describe two cir. 
cles cutting each other in 0 and 0'. 

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

4th. With one foot of the compasses in O. and 0' 
successively, and with a radius equal to O. VII, or 0.' 
V, describe the arcs between Y. V,' and y'rr V"', to 
complete the figure. 

PROBLEM 40. FIG. 2. 

To describe the Oval, the length A. B, and breadth C. 
D, being given. 

1st. With half the breadth for a radius, and one foot 
in F, describe the arc C. E, cutting.fl. Bin E. 

2nd. Divide the difference E. B between the semi
axes into three equal parts, and carry one ofthose divi
sions toward 4. 

http:cutting.fl
http:Divide.l1
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3d. Take the distance B 4, and set off on each side 
of the centre F at Hand H/ 

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

5th. From K and K,' through Hand H,' draw in
definite right line$. 

6th. With the dividers in H, and the radius H . .11, 
describe the curve v..I1. v," and with the dividers in 
H,' describe the curve V.' B. V.'" 

7th. From K and K,' with a radius equal to K. C, 
describe the curves V. C. V,' and V." D. V,'" to com
plete the figure. 

PROBLEM 41. FIG. 3 . 

.I1nother 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. C in O. 

2nd. Bisect B. 0 by a perpendicular, cutting.B. B 
in P, and C. Din Q. 

ard. FTom F, set off the distance F. P to R, and 
the distance F. Q to 8. 

4th. From S, through Rand P, and from Qthrough 
R, d;aw indefinite lines. 

5th. From P and R, and from Sand Q, describe 
the arcs, completing the figure as in -the preceding 
problem. 

NOTE.-In all these diagrams, the result is nearly the same. 
FJgs. 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 appearancp, as the change of cur I 
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vature is too abrupt. These figures are often improperly called 
eUipscs, and sometimes false 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 true 
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 levei line; this 
curve is described by any point in the wheel of a car
riage when Tolling on the ground. 

PROBLEM 42. FIG. 1. 

To find any number of Points in the Cycloid CU1"1Je 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 .11. B perpen
rlicular to G. H, and E. F parallel to G. H; tlum A. B 
is the height of the curve, and E. F is the place of the 
centre of the generating circle at every point of its pro
gress. 

3rd. Divide the semi circumference from B to .11 into 
any number of equal parts, say 8, and from.l1 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 
tlie same number of spaces as the semicircumference is 
divided into, and through the points draw perpendicu
lars to G. II: number them as in the diaO"ram. o 

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

6th. Take the chord J1 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 lY, 
then D and D' are points in the curve. 

7th. With the chord J1 2, from 2 and 2 in G. H, cut 
the ind~finite arcs in J and J' with the chord .J1 3, 
from 3 and 3, cut the arcs in K and K' and apply the 
other chords in the same manner, cutting the arcs in 
L. M,&c. 

Bth. Through the points so found trace the curve. 
NOTE.-Each of the indefinite arcs 10 the diagram represents 

the circle at that pomt of Its revolution, and the pomts D. J. K, 
&c., the position of the generatmg point B at each place. This 
curve is frequently used for the arches of brIdges, Its proportIons 
are always constant, viz: the span is eq ual to the CIrcumference 
of the genf'ratmg cIrcle and the rISe equal to Its dlametE'r. Cy
cloulal archps are frequently constructed whIch are not true cy
c1Olds, but approach that curve in a greater or If'sS degree. 

FIGURE 2.-THE EpICYCLOID. 

This curve is formed by the revolution of a circle 
around a circle, either within or without its 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. 

PROBLEM 43. 

To find Points in tlte Curve. 
1st. Draw the diameter B. R, and from Q the centre, 

draw Q. B at right angles to B. B. 
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2nd. WIth the distance Q. P from Q, describe an 
arc O~ 0 representing the position of the ceIltre P 
throughout its entire progress. 

3rd. DiVlde the semicircle B. D and the quadrants 
D. 8 into thp same number of equal parts, draw chords 
from D to 1, 2, 3, &c., and from Q draw line~ through 
the divisions in D. 8 to intersect the curve O. 0 in 1, 
2, 3, &c. 

4th. With the radius of P from 1, 2, 3, &c., in o. 
o descrihe indC'finite arC's, apply the chords D 1, D 2, 
&c., from 1, 2, 3, &c., in the circumference of Q, cut
tmg the indefinite. arcs in A. C. E. F, &c., which are 
points in the curve. 

DEFINITIONS OF SOLIDS. 

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

A Lme has length, without breadth or thickness, 
con.,equently has but one dimension • 

.A Surface helS length and breadth, wIthout thickness, 
consequently has two dimensions, which, multiplied 
together, give the content of Its surface. 

A Solid has l(>ngth, breadth and thickness. These 
three dimensions multiplied together, give its solid con .. 
tent. 

Lineal .;Weasure, is the measure of lines. 
Superficial or Square .Jl;Ieasure, the measure of 

surfaces. 
Cubic Measure, is the measure of solids. 
For Example.-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, If we multiply 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. 
" four square " the surface of one side. 

And eight cubic " the solid content of the cube. 

PLATE XIV. 

THE CUBE OR HEXAHEDRON, ITS SECTIONS 
AND SURFACE. 

FIGURE 1. 

1st. 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 L-ICe, to be parallel 
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with the diagonal, and midway between tlIe diagonal 
and the corner of the face, as in fig. 4, the section wIll 
be a regular hexagon, 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. 

7th. The measU'te 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. 
NOTE -The cube may also, In general, be called a prism, and 

a paraUelopipedon, as It answers the deSCrIptIOn given of those 
bodies, but the terms are seldom applIed to It. 

PLATE XV. 


SOLIDS AND THEIR COVERINGS. 


FIG. 1. Is a solId, bounded by six rectangular faces, 
each opposite pair being parallel, and equal to each 
other; the sides are oblong llarallelograms, and the ends 

0" 



54 PLATE XV. 

are squares. It is called a right SQUARE PRISM, PAR
ALLELOPIPED, or PARALLELOPIPEDON. 

FIG. 2. Is its covering stretched out. 
FIG. 3. Is a triangular prism; its sides are rectan

gles, and its ends equal triangles. 
FIG. 4. Is its covering. 
PRISMS derive their names fro~ the shape of their 

ends, and the angles of their faces, thus: Fig. 1 is a 
square prism, and fig. 2 a triangular prism. If the 
ends were pentagons, the prism would be pentagonal; 
if the ends were hexagons, the prism would be hexa
gonal, 4"c. The sIdes of all regular prisms are equal 
rectangular parallelograms. 

FIG. 5. Is a SQUARE PYRAMID, 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
Imd, as in fig. 4, or a triangular, pentagonal, or hE"xa
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, apex, 
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 truncated; it is also 
called afrustrum 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 truncated 
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 
touchmg each other, formmg a pomt at the top. 

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

An 'OBELISK 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. 


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

FIG. 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. 

PROBLEM 44. FIG. 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 tweh'e. 
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2nd. With the space of one of these parts, step off 
the same number on.!l. B, which will give the breadth 
of the covering to bend around the circles. 

FIG. 5. Is A RIGHT CONE; its base is a circle, its 
sides sloping equally from the base to its summit. A 
lIne 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 fm ms an oblique, or scalene cone. 

PROBLEM 45. FIG. 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 cir
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. 


C 0 V ERIN G S 0 F SOL IDS. 


FIG. 1. THE SPHERE 

Is a solid figure presenting a circular appearance 
when viewed III any direction; its surface is every 
where equidistant from a pomt 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. 

3, d. 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 IS called a 
hemisphere j any part of a sphere less than a hemisphere 
is called a segment; this term may be applIed to the 
larger portion as well as to the smaller. 

PROBLEM 46. FIG. 2. 

To draw the Covering if the Sphere. 

1st. Divide the circumference into twelve equal parts. 
2nd. Step off on the line .11. B the same number of 

equal parts, and with a radlUs of lllne of those parts, 
descnbe arcs through the points in each direction; 
these arcs will intersect each other in the lines C. D 
and E. F, and form the covering of the sphere. 

FIGURE 3 

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

FIGURE 4. 

The regular .oCTAHEDRON is bounded by eight equal 
equilateral triangles. 
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FIGURE 5. 

The DODECAHEDRON is bounded by twelve equal 
pentagons. 

FIGURE 6. 

The ICOSAHEDRON 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 XVIIt. 

THE CYLINDER AND ITS SECTIONS., 

1st. If we suppose the right angled parallelogram 
.11. B. C. D, fig. 1, to revolve around the side .11. B, it 
would describe a solid figure; the sides.l1. 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 descnbed would be a 
RIGHT CYLINDER. 

2nd. The line .11. B, around which the paralleloglam 
revolved, is called the AXIS of the cylinder, amI as it 
connects the centres of the circles formmg the ends of 
the cylinder, it is every where equidistant from its sides. 

http:sides.l1
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3rd. If the ends of a cylInder be not at right angles 
to its axis, it is caned 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 .ll-I. oN", f.g. 2, the section will be an EL

LIPSIS, of which the line of section K. L or M. N 
would be the longest diameter, called the TRANSVERSE 

or MAJOR-DIAMETER, and the diameter of the cylinder 
C. D would be the shortest diameter, called the CON

JUGATE or MINOR DIAMETER. 

PROBLEM 47. FIG. 3. 

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

1st. Draw the right lines No M and C. D at right 
angles to each other, cutting each other in 8. 

2nd. Take in your dividers the distance P. M or P. 
N, fig. 2, and set it off from 8 to M and N, fig. 3, 
which will make M. N equal to M. N, fig. 2. 

3rd. From .11, fig. 2, take .11. D or.l1. C, and set it 
off from 8 to C and D, making C. D equal to the di
ameter of the cylinder. 

4th. With a distance equal to 8. M or 8. N from 
the points D and C, cut the transverse diameter in E 
and F; then E and F are the FOCI for drawing the 
ellipsis. 

NOTE.-E is a FOCUS, and F is a FOCUS. E and F are FOCI. 
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5th. In the foci, stick two pins, then pass a string 
around them, and tie the ends together at O. 

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 alllmes drawn from the foci, to any point 
iu the curve, IS always constant and equal to the major aXIS: 
thus, the length of the hnes E. R, and F. R, added together, IS 

equal to the length of E. 0, and F. C, added together, or to two 
hnes drawn from E and F, to any other pomt 10 the curve. 

7th. Fig. 4 is the section of the cylinder, through L. 
K, fig. 2, and is described In 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 hne of section L. K, in fig. 2. 

8th. The line N. M, fig. 3, or L. K, fig. 4, is called 
the TRANSVERSE, or MAJOR AXIS, (plural AXES,) and 
the hne 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 CONJUGATE 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 vertex of that diameter. 

10th. An ORDINATE to any diameter, is a hne 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 abscissre of the axis K. L.-V. W is 
the ordinate to, and C. V, and D. V, the abscissre of 
the axis C. D. 

PLATE XIX. 


THE CONE AND ITS SECTIONS. 


DEFINITIONS. 

1st. A CONE is a solid, generated by the revolution 
of a right angled triangle about one of Its sides. 

2nd. If both legs of the triangle are equal, as S. N 
and N. 0, fig. 2, it would generate a RIGHT ANGLED 

CONE; the angle S bemg a right angle. 
3rd. If the stationary side of the triangle be longest, 

as JrI. N, the cone WIll be ACUTE, and if shortest, as 
T. N, it will be OBTUSE angled. 

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

5th. The AXIS of a cone, is a line passing from the 
vertex to the centre of the base, as M. N, 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. 

7th. 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 
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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 TRUNCA

TED CONE, or FRUSTRUl\I, the part aboye 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. 

10t11. If a cone be cut by any plane passing through 
its opposite sidesJ ~s at.fl. B, fig. 3, the section will 
be an ellipsis. 

11tho If a cone be cut by a plane, parallel with one 
of Its sides, as at P. Q., R. 8, or RJ S.' fig . .4, the 
section wlll 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 0, the sectirm 
wIll be an HYPERBOL~. 

PRO,BLEM 48. FIG. 3. 

To describe the Ellipsis from the Cone. 

1st. Let fig. 3 represent the elevation of a right cone, 
and .11. B the line of section. 

2nd. Bisect.l1. B in c. 
3ld. Through C, draw E. F perpenniculnr to the 

axis )lI. N, cutting the axis in P. 
4th. With one foot of the dividers in P, and a radlUs 

equal to P. E, or P. F, describe the arc E. D. F. 
5th. From C, the centre of the line of sectIOn .fl. B, 

http:Bisect.l1


/'/fl l l' /.'1 . 

TILE ('OX!:' , -U ' !) f'l'S SE('T/{).1'S , 

.\1 

!'i'!.I . .3 . 

~I 

)[ 

o I!:....____+ ____ --'" I ' 

lUll I 





63 PLATE XIX. 

draw G. D parallel to the axis, cutting the arc E. D. F, 
in D. 

6th. Then.l1. B is the transverse axis, and C. D its 
semiconjugate qf 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 SIdes, is always an ellIpSIS. In the cone, 
the length of both axes vary WIth every sectIon, but m the cylIn
der, the conjugate aXIS IS always equal to the dIameter of the 
cylInder, whatever may be the mclmatIon of the line of section. 

PROBLEM 49. FIG. 4 

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

1st. With one foot of the dividers 10 N, and a ra
dius equal to No T, or No V, describe a semicircle, 
equal to half the base of the cone. 

2nd. From C and P, the points where the sections 
intersect the base, draw P . .11, and C. B, cutting the 
semicircle in .!1 and B. Then.R.. P is one·ha]f the 
base of the parabola, and D. 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. 

PROBLEM 50. FIG. 1. 

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

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

1st. Describe the parallelogram L. M. No 0, the 
boundaries passing through the ends of the axes. 

2nd. Divide.f1. L,-.I1. H,-B. .JltI,-and B. 0, into 
any number of equal parts, say 4, and number them as 
in the diagram. 

3rd. Divide.l1. S, and B. S, also into 4 equal parts, 
and number them from the ends toward the centre. 

4th. From the divisions in .11. Land B. JlrI, draw 
lines to one end of the conjugate axis at C; and, from 
the divisions in B. 0 and .11. N, draw lines to the other 
end at D. 

5th. From D, through the points 1, 2, 3, iH .11. S, 
draw lInes to intersect the lines 1, 2, 3 drawn from the 
divisions on .11. L, and in like manner through B. S, 
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. J1 
and S. B, draw lines to intersect the lines 1,2,3 drawn 
from .11. Nand B. 0, which will give the points for 
drawing the other half of the curve. 

http:Divide.l1
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7th. Through the pomts of intersection, trace the 
curve . 

.NOTEo-If required on Ii small scale, the curve can be drawn 
by hand; but, If reqUIred on a large scal£>, for practIcal purposes, 
It is best to dnve sprIgs at the pomts of IntersectIOn, and bend a 
thm fleXIble strIP of pme around them, for the purpose of tracing 
the curve. Any number of POInts may be found by dIVIdIng the 
hnes Into the reqUIsite number of parts. 

FIGURE 4. 

Is a semi-ellipsis, drawn on the conjugate axis by 
the same method, in which.l1.. B is the transverse, and 
C. D the conjugate axis. 

NOTEo-ThlS method will apply to an ellIpsis of any length or 
breadth. 

PROBLEM 51. FIG. 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 
slIdmg 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 ploper 
place; (the pins are only shewn in the diagram,) the Ibuttons attached to the pins are made to slide freely in 
the groo,oes. 

6· 
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.Mode of Setting the Trammel. 

1st. Make the dIstance 1. 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 ther~. 

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

NOTE.-This is a very useful mstrumpnt, and was formerly 
used very frequently by carpenters to layoff their work, and also 
by plasterers to run theIr mouldmgs around ellIptical arches, &c., 
the mould occupymg the posItIOn of the pomt 1. It was rare 
then to find a carpenter's shop without a trammel or to find a 
good workman wno was not skilled 1Il the use of It; but smce 
Grecian archItecture with Its hOflzontal hntels has taken the place 
of the arch, It IS seldom a trammel IS reqUired, and when reqUired, 
much more rare to find one to use; but as It is sometimes wanted, 
and few of OUf young mechanics know how to apply It, at the 
fiSk of bemg thought tedIous, we have been thus mmute m Its 
descnpuon. 

PROBL:£M 52. FIG. 3. 

To describe tlte HypeTbola from the Cone. 

1st. Draw the line .11. c. B and make C. B and C . 
.11 each equal to C. B, fig. 4, plate xix, then .11. B wIll 
be equal to the base of the hyperbola. 

2nd. Perpendicular to JJ. B, draw .11. E and B. F, 
and make them equal to C. D, fig. 4, plate xix. 

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

4th. Dlvide .11. E and B. F each into any number 
of equal parts, say 4, and divide B. C and C . .11 into 
the same number, and number them as in the diagram. 
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5th. From the points of division on A. E and B. 
F, draw lines to D. 

6th. From the points of division in .11. B, draw lines 
towaril 0, and the points where they intersect the other 
lines with the same numbers will be points'in the curve. 
The curve A. D. B is the section of the cone through 
the line C. D, fig. 4, plate xix. 

PLATE XXI. 

PARABOLA AND ITS APPLICATION. 

PROBLEM 53. FIG. 1. 

To desc'Jwe the Parabola by Tangents. 

1st. Draw A. P. B, make.l1. P and P. B each equal 
to .11. P, fig. 4, plate xix. 

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

3rd. Draw .11. R and B. R, and divide them each 
into the same number of equal parts, say eight; num
bet one side from .11. 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 mi,dway between the points 
of intersection. 

The curve.l1. Q. B is a section of the cone through 
P. Q, fig. 4, plate xix. 

http:curve.l1
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PROBLEM 54. FIG. 2. 

To describe the Parabola by another method. 

Let .11. B be the width of the base and P. Q the 
height of the curve. 

lst. Construct the parallelogram .11. B C. D. 
2nd. Divide .11. C and .11. P-P. Band B. D re

spectively into a simIlar number of equal parts; number 
them as in the diagram. 

3rd. From the points of division in .11. C and B. D, 
draw lines to Q. 

4th. From the points of division on .11. B erect per
pendiculars to intersect the other lines; the points of 
intersection are points in the curve. 

PROBLEM 55. FIG. 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. J the 
height. 

1st. Bisect H. D in K, draw J. K and 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 .11. B, parallel, to the base of the parabola C. D. 

3rd. Place a square S, with one side- against the 
edge of the ruler, ,/1. B, the edge O. N 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 N, 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 .11; 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. 

DEFINITIONS. 

1st. The FOCUS of a parabola is the point F, about 
which the string revolves. The edge of the ruler .11. 
B, is the directrix of the parabola. 

2nd. The AXIS IS 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 PAR-\.METER, 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 a DIAMETER, and the point where 
it meets the curve, is called the vertex of that diameter. 

PROBLEM 56. FIG. 4. 

To apply the Parabola to the construction of Gothic 
Arches. 

1st. Draw .11. B, and make it equal to the width of 
the arch at the base. 

2nd. Bisect.l1. B in E, draw E. F perpendicular to 
.11. B, and make E. F equal to the height of the arch. 

http:Bisect.l1
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3rd. Construct the parallelogram .11. B. C. D. 
4th. Divide E. F into any numbeI of equal parts, 

and D. F and F. C each into a similar Dumber, and 
number them as in the diagram. 

5th. From the divisions on F. D, draw lines to .11, 
and from the divisions on F. C, draw lines to Bo. 

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 until E . .rJ. and E. B comcule, it wIll 
form a parabola, drawn by thE' same method as fig. 2; and, if we 
were to cut fig. 2 by the lme P. Q, and turn It around untIl P . 
.!l. and P. B comCIde, 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 cOincIde. 

PLATE XXII. 

PROBLEM 57. FIG. 1. 

To draw the Boards for covering Oil'cular Domes. 

To lay the boards vertically. Let.fl. 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. 0, 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 .fl. C, meeting D. 0 in 1,2, 3, &c. 

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. 0 and F. O. 
5th. Make 1. c-2. d-3. 6-4. f and 5 g, on each 

side of D. H, equal to 1. c-2. d-3. e, &c. on D. O. 
6th. Through the points c. 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. 

NOTEo-In practice where much accuracy is required, the nb 
should be divIded mto at least twelve parts. 

PROBLEM 58. FIG. 2. 

To lay the bomods Horizontally. 

Let .11. B. C be the vertical section of a dome 
through its axis. 

1st. Bisect .11. C in D, and draw D. P perpendicu
lar to.fl. C. 

2nd. Divide the arc .11. B into such a number of 
equal parts, that each division may be less than the 
breadth of a board. (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 tOllch the ends, and the curves on the convex 
side should touch the centre.) 

ard. From the points of division, draw linE'S parallel 
to.fl. 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 frostrum 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
8cnbe 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. P in 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. 

5th. From 2 draw a hne 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 C we draw a line through M, and con
tinue it upward, it would require to be drawn a very 
great dlstance before it would meet D. P; the centre 
would consequpntly be inconveniently distant. 

}~or the bottom board, proceed as follows: 
1st. Join .11. M, cutting D. P in N, and join N. 1. 
2nd. Describe a C'urve, by the methods in Problems 

34 or 35, Plate 11, through 1. No 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 to 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. 

DEFINITIONS. FIG. 2. 

1st. The SPAN of an arch is the distance between the 
points of support, which is generally the width of the 
opening to be co\'ered, as .11. B. These points are 
called the springing points; the mass against which the 
arch rests is called the ,ABUTMENT. 

2nd. The RIS 1':, HF.IGHT or VERSED SINE of an arch, 
is the distance from C to D. 

3rd. The SPRINGING LINE of an arch is the line .11. 
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. VOUSSOIRS is the name given to the stones 

forming the arch. 
6th. The KEYSTONE 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 SOFFIT of an arch is the 
under side of the voussoirs forming the curve. 

8th. The EXTRADOS or BACK is the upper side 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. 

NOTE.--The amount of the thrust of an arch depends on the 
proportions between the rise and the span, that IS to say, the span 
and weight to be supported bemg difinite; the thrust WIll be di
minished in proportIOn as the rIse of the arch is mcreased, and 
the thrust Will be Increased in proportion as the crown of the 
arch is lowered. 

10th. The JOINTS 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 th~ 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 complex. J 
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 
~ed from two or more fixed centres, as many of 
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the GothIc or pointed arches. The simple curves have 
all been descnbed in our problems of practical Geome
try; we shall however repeat some of them for the pur
pose of shewmg the method of drawing the joints. 

PROBLEM 59. FIG. 1. 

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

1st. Let E and F be the abutments, and 0 the 
centre for descrIbing the curve. 

2nd. With one foot of the dividers in 0, 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 0, which will give the proper di
rection of the joints. 

6th. If the point 0 should be at too great distance 
to strike the curve conveniently, it may be struck by 
Problem 34 or 35, ])late 11; and the joints may be 
found as foHows : Let it be desired to draw a joint at 
2, on the line of the extrados; from 2 set off any dis
tance on either side, as at 1 and 3; and from 1 and 3, 
wlth any radius, draw two arcs intersecting each other 
at 4-then from 4 through 2 draw the joint which will 
be perpendicular to 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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PROBe 60. FIG. 2.-THE SEMICIRCULAR ARCH. 

This requires but little explanation. .11. B is the 
span and C the centre, from which the curves are struck, 
and to which the lines of all the joints radiate. The 
centre C being in the springing line of the arch the beds 
are horizontal. 

PROBe 61. FIG.3.-THE HORSE-SHOE ARCH. 

Is an arc of a circle greater tllan a semicircle, the 
centre 0 being above the springing line. 

This arch is also caned 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 O. 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 
wou1d 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. FIG. 4. 

To describe an Ogee .I1rch, or an JJ.rch of Contrary 

Flexure. 


NOTE.-This arch is seldom used over a large opening, but 
occurs frequently in canopies and tracery in GothIC archItecture, 
the rIb of the arch bemg mouldf>d. 

1st. Let../1. B be the outside width of the arch, and 
c. D th~ height, and let ./1. E be the breadth of the rib. 

~--------------------------.----------------~ 
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2nd. Bisect.l1. B in C, and erect the perpendicular 
C. D; bisect .11. C ill F, and draw F. J paral1el to 
c. 	 D. 

3rd. Through D draw J. K parallel to .11. B, and 
make D. K equal to D. J. 

4th. From F set off F. G, equal to .11. E the breadth 
of the rIb, and make C. H equal to C. G. 

5th. Join G. J and 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. Jand H. K. 

PROBLEM 63. FIG. 5. 

To draw the Joints in an Elliptic .I1rch. 

Let .11. 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 III depth, as they have to bear more strain than 
those nearer the crown; the outer curve is also an 
ellipsis, of which Hand 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 manner. 

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 correspondlllg joints on the OPl'o
site side of the arch, proceed as follows :

5th. Prolong the lme 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 .11 and D. 

PLATE XXIV. 

TO DESCRIBE GOTHIC ARCHES AND TO DRA W 
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. 

FIGURE I.-THE LANCET ARCH. 

When the length of the span .fl. B is much less than 
the length of the chord.l1. 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. 

FIG. 2.-THE EQUILATERAL ARCH. 

When the span D. E, and the chords D. F and E. 
F form an eqUIlateral 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 jomts radiate. 

http:chord.l1
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FIG. 3.-THE DEPRESSED ARCH 

Has its centres within the base of the arch, the chords 
l?eing shorter t~an the span; the joints radiate to the 
centres respectively. 

NOTE.-There are no defimte proportIons for Gothic arches, 
except for the eqUllateral; they vary from the most acute to those 
whose centres nearly touch, and which deviate but httle from a 
semlclr~le. 

FIG. 4.-THE POINTED HORSE-SHOE ARCH. 

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

FIGURE 5. 

To describe the .Four Centred Pointed .I1rch. 

1st. Let .11. B be the springing line, and E. C the 
height of the arch. 

2nd. Draw B. D parallel to E. C, 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 No Then 

Land F nre the centres for describing one-half of the 
arch, and the curves will meet in the lme L. F. N. 

7th. Draw L. M parallel to .11. B, make o. M equal 
l to O. L, and E. K equal to E. F. Then K and .JJ-f are 
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the centres for completing the arch, and the curves will 
mee! in the line M. K. P. 

8th. The joints from P to (J will radiate to M; from 
(J to N they will radiate to L; from oN to B they will 
radiate to F, and from P to .11. they will radiate to K. 

NOTE I.-As the joint at P radIates to both the centres K and 
J'JI, and the Jomt at N radiates both to F and L, the change of 
directIOn of the lower jomts is easy and pleasmg 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 stnking the two centered arch 
are in the springmg line, as in dIagrams 1, 2 and 3, the verucal 
side of the opening Joins the curve, Without formmg an unpleas
ant angle, as it would do If the vertical hnes were continued up 
above the hne of the centres; It IS true that examples of thiS char
acter may be Cited JD GothiC buildmgs, but Its ungraceful appear
ance should lead us to avoid It. 

PLATE XXV. 

OCTAGONAL PLAN AND ELEVATION. 

FIG. I.-HALF THE PLAN. FIG. 2.-ELEVATION. 

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

The dotted line .11, shews the direction of the rays 
of light by which the shadows are projected; the mode 
of their projPction 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 
01· 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 purpos<" any 
scale cif equal parts may be used in drawing them. 

PLA TE XXVII. 


ROMAN MOULDINGS. 


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

NOTE.-Each separate part of a moulding, and each moulding 
in an assemblage of mouldmgs, is called a member. 

FIG. I.-A FILLET, BAND OR LISTEL 

Is a raised square member, with its face parallel to 
the surface on which it is placed. 
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FIG. 2.-BEAD. 

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

FIG. 3.-ToRUS. 

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 
passmg through the centre L. The curved dotted line 
above the fillet, and the square dotted hne below the 
circle, shew the position of those members when used 
as the base of a Doric column. 

FIGURE 4.-THE SCOTIA 

Is composed of two -quadrants of circles between 
two fillets. B is the cenhe for describing the large 
quadrant; .11 the centre for describing the small quad
rant. The upper portion may be made larger or smaller 
than in the diagram, but the centre .11 must always be 
in the line B . .I1. The scotia is rarely, if ever used 
alone; but it forms an important member in the bases 
of columns. 

FIG. 5.-THE 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 effect of the moulding. -The 
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ovalo is generally used as a bed moulding, or in some 
other position where it supports another member. 

FIG. 6.-THE CAVETTO, 

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 ovalo, 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. 

FIG. 7.-THE CYMA RECTA 

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 
N the lower fillet. 

1st. Bisect 1. No in M. 
2nd. WIth the radius .JltI. N or .JltI. I, and the foot 

of the dividers in Nand 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 arcs meeting each other in M. 

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

FIG. S.-THE CYMA REVERSA, TALON OR OGEE. 

Like the cyma recta, it is composed of two circular 



84 PLATE XXVII. 

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 CYMA, or CYMA RECTA has the concave curve 

uppermost. 
The CYMA REVERSA has the concave curve below. 
The CYMA RECTA is used as the upper member of an 

assemblage of mouldings, for which it is well fitted 
from its hght 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. 

NOTE.-'Vhen the surface of a mouldmg IS carved or sculptur
ed, it IS said to be ENRICHED. 

PLATE XXVIII. 

GRECIAN MOULDINGS 

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

FIGURES 1 AND 2. 

To draw the Grecian ECHINUS or OVOLO, the fillets A 
and H, the tangent C. B, and the point of greatest 
projection D being given. 

1st. Draw B. H, a continuation of the l.lpper edge 
of the under fillet. 
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2nd. Through D, draw D. H perpendicular to 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. F and D. C each into the 
same 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 echmus, 
by varymg the projections and the Inclmatlon of the tangentB. C. 

NOTE 2.-1f H. C IS less than C. D, as In fig. 1, the curve 
will he eUiptic; If H. C and C. D are equal, as in fig. 2, the 
curve IS parabolic; If H. C be made greater than D. C, the curve 
will be hyperbolic. 

NOTE 3.-The echinus, when ennched with carving, is gener
any cut into figures resemblIng eggs, with a dart or tongue be
tween them. 

FIGS. 3 AND 4.-THE GRECIAN CVMA.. 

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

1st. Draw.l1. C and B. D perpendicular to .11. D 
and C. B parallel to .11. D 

2nd. Bisect ./1. D in E, and .11. C in G; draw E. 
F and G. 0, which will divide the rectangle.l1. C. B 
D into four equal rectangles. 

8 
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3rd. lVlake G. P and O. K each equal to O. H. 
4th. Divide.fl. G-O. B-.fl. E and B. F into a 

simIlar number of equal parts. 
5th. From the divisions in .fl. E and F. B, draw 

lines to H; from P draw lines through the divislOns 
on.l1. G to intersect the lines drawn from.l1. 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. F IS the transverse axiS, and P. H or H. K 
the conjugate. The points In the curve are found in the same 
manner as In fig. 1, plate 20. 

FIG. 5.-THE GRECIAN CYl\-IA REVERSA, TALON 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. 

lst. From 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. Fmd the points in the curve as in figs. 3 and 4. 
NOTE 1.-Tf. we tum the figure over so as to brmg the hne P. 

G vertical, G bemg at the top, the pomt B of fig. 5~ to comclde 
with the pomt Jl of fig. 3, It wIll be perceived that the curves are 
simIlar, F. G bemg the transverse aXIS, and N. H or ,AT. H the 
conjugate aXIs of the ellIpsis. 

NOTE 2 -The nearer the Ime B. D approaches to a horIzontal 
posItion, the greater Will be the degree of curvature, the conjugate 
&XIS of the ellIpSIS Will be lengthened, and the curve become more 
hke the Roman ogee. 
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FIGURE 6.-THE GRECIAN SCOTIA. 

To describe 	 the Grecian Scotia, the position cif the 
fillets A and B being given. 

1st. Join .11. 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 gh-en to the scotia; then.l1. B will be 
a diameter of an ellipsis, and D. E its conjugate. 

3rd. Through E, draw F. G parallel to .11. B. 
4th. DivIde.l1. F and B. G into the same number 

of equal parts, and from the points of division draw 
lines to E. 

5th. Divide.l1. C and B. C into the same number 
of equal parts, as.l1. F, then from D through the points 
of division in .11. B, draw lines to intersect the others, 
which will give points in the curve. 

PLATE XXIX. 


TO DRAW THE TEETH OF WHEELS. 


1st. The LINE of CENTRES is the line.l1. 11. D, fig. 
1, passing through K and C, the centres of the wheel 
and pinion. 

2nd. The PROPORTIONAL or primitive diameter of the 
wheel, is the line .11. B; the proportional radius .11. K. 
or K. B. The true radii are the distances from the 
centres to the extremities of the teeth. 

3nl. The PROPORTIONAL DIAMETER of the pinion is 
the line B. D; the proportional radms C. B. 
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4th. The PROPORTIONAL CIRCLES or PITCH LINES 

are circles described with the proportional radii touch
ing each other in B. 

5th. The PITCH 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 DEPTH 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 Teeth of the same size as in the given 
wheel K. 

1st. Divide the proportional diameter ..fl. B of the 
given wheel into as many equal parts 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, layoff 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 dc"cllbe epicy
cloids. 

NOTE.-The circumferences of Circles are directly as theIr di
ameters; if the diameter of one circle be four Urnes greater than 
another, the circumference wIll also be four times greater. 

Fig. 2 is another method for drawing the teeth; .11. 
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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PLATE XXIX. 89 

middle of each tooth on the pitch circle as at D, de
~cribe the tops of the teeth E and F, from 0 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 0, with a radius equal to O. Q or O. P, describe 
the lower part of the teeth G and D. 

PLATE XXX. 

ISOMETRICAL DRAWING. 


FIGURE 1. 

To draw the Isometrical Dube. 

l,et .11 be the centre of the proposed drawing. 
1st. With one foot of the dividers in .11, and any ra

dius, describe a circle. 
2nd. Through the centre .11, draw a diameter B. C 

parallel to the sides of the paper. 
3rd. With the radius from the points Band Clay 

off the other corners of a hexagon, D. E. F. G. 
4th. Join the points and complete the hexagon. 
5th. From the centre.l1, 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 opposife the point .11: if a wire 
be fun through the point .11 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 

Hw 
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matter how large the cube, consequently the front top 
corner of the cube and the bottom back corner must be 
represented by a dot, as at the point.l1. 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 thtse edges will be of equal length, 
the edges seen are those shewn in fig. 1 by continuous 
lines; thre~ 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 tran8p~rent 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 1he 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 hnes F. G,.I1. C 
and E. D represent the vertical edges of the cube, the 
parallelograms .11. C. D. E and .11. C. F. G, represent 
the vertical faces of the cube, and the parallelogram .11. 
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 ISOMETRI_ 

CAL (equally measurable) has bt'en applied to this style 
of drawing. 

FIGURE 2 

Is a cube of the same size as fig. 1, shaded to make 
the replesentatIon more obviou'); the sides of the small 
cube .11, and the boundary of the square platform on 
which the cube rests, as well as of the joists which 
support the floor of thp platform, are all drawn parallel 
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91 PLATE XXX. 

to some of the edges of the cube, and forms a good 
illustration for the learner to practice on a larger scale. 

NOTE.-A singular optical dluslOn may be witnessed while 
lookmg at this dIagram, If we keep the eye fixed on the pomt .11, 
and Imagine the drawing to represent the interior of a room, the 
point .!l wIll appear to recede; then if we agam Imagme it to be 
a cube the pomt will appear to advance, and thiS rlsmg and fallIng 
may be contmued, as you Imagine the angle J1. to {("present a pro
jectmg corner, or an internal angle. 

PLATE XXXI. 

EXAMPLES IN ISOMETRICAL DRA'VING. 

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 pla~, 
or with a triangle having one right angle, one angle of 
60°, and the other angle 30°, as shewn at .11. 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 tnangle 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 DRA WING 

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. 

FIGURE 3. 

To draw the figure Isometrically. 

1st. Draw the isometrical lines .11. Band C. D; 
make .11. B equal to .11. B fig. 1, and C. D equal to C. 
D fig. 2. 

2nd. From.l1. Band D, draw the vertical lints, and 
make them equal to B. G, fig. 1. 

3rd. Draw K. Hand L. I parallel to .11. B, and H. 
I and K. L parallel to C. D. 

4th. Draw the diagonals H. D and 1. C, ~md through 
-their intersection draw a vertical line M. G. F. Make 
G. 	F equal to G. F, fig. 1. 

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

6th. Through F, draw F. E, intersecting No E in 
E; then E. F represents the line E. P in fig. 1. 

7th. From E and F, layoff the distances 0 and P, 
and from 0 and P draw the edges of the chamfer O. 
K-O. L-P. Hand P. I, which complete the outline. 
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8th. On .11. B layoff the opening shewn in fig. 1, 
and from R, draw a line parallel to C. D. 

NOTE I.-All the lines in this figure, except the diagonals and 
edges of the chamfer, can be drawn with the triangle and square, 
as explamed ID Plate 3t. 

NOTE 2 -All these lines may be measured by the 3mne leale, 
except the inclmed edges of the chamfer, which will reqUire a 
different scale. 

NOTE 3.-The intelligent studE'nt Will easIly pE'rceive from this 
figure, how to draw a house WIth a hipped roof, placing the 
doors, windows, &c., each m its proper place; or how to draw 
noy other rectangular figure. Inchned hnes may always be 
found by a slmJlar process to that we have pursued in drawing
the edges of the chamfer. 

FIGURE 4 

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

FIGURE 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 DRA lV THE ISOMETRICAL CIRCLE. 


FIGUR.E 1 

Is the plan of a circle inscnbed in a square, with two 
diameters .11. Band C. D parallel to the sides of the 
square. 

FIGURE 2 

To dtaw the Isometrical Representation. 

1st. Draw the isometrical square, M. No O. P, hav
ing its opposite angles 1200 and 600 respectively. 

2nd. Bisect each sale and draw .11. Band C. D. 
ard. From 0 draw O. .11 and O. D, and from .M 

draw M. C and ."Al. B intersecting in Q and R. 
4th. From Q, with the radius Q . .11, describe the arc 

.11. C, and from R, with the same radius, describe the 
arc D. B. 

5th. From 0, with the radius O . .fl., draw the arc 
.11. D, and from oM, with the same radius, describe C. 
B, which completes the oval. 

NOTE.-An ISOMETRICAL PROJECTION of a circle would be an 
ellipsis; but the figure produced by the above method is so sim
ple in its construction an~ approaches so near to an eI1ipsis, that 
It may be used in most cases, besidE's its facIlity of construction, 
its I!Ircumference IS so nParly equal to the circumference of the 
givell cIrcle, that any dJvisIOns traced on the one may be trans
ferred to the other with suffiCIent accuracy for all practical pur
poses. 
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FIGURE 3. 

To divide the Circumference if 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 In fig. 3. 

2nd. From the middle of one of the sides as 0, erect 
0. K perpendIcular to E. F, and make O. K equal to 
O.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. 0 in 1, 2 and 3. 

5th. From the divisions 1, 2 and 3, in E. 0, draw 
lines to the centre P, which will divide the arc E. 0 
into four equal parts. 

6th. Transfer the divisions on E. 0 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. 

NOTE I.-If a plan of a circle divided into any number of 
equal parti be drawn, as that of a cog wheel, the same measures 
may be transferred to the isometrIc curve as explained JD the note 
to fig. 2. but If the plan be not drawn, the dll;:islOns can be made 
as JD fig. 3. 

NOTE 2.-The tf'rrD ISOMETRICAL PROJECTION has been avoided, 
as the projecti->n of a figure would J'E'qUlre a smaller scale to be 
used than the scale to whIch the geometncal plans and elevations 
are drawn, but as the isometrical figure drawn wIth the same 
scale to which the plans are drawn, is in every J'E'~p{'ct propor
tional to the true projection, and conveys to the eye the same 
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VIew of the object, it IS mamfe~tly much more convenIent 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 mchned hnes requIring a dlffE>rE>nt scale from any of the lmes 
used In drawmg the Isometrical cube: for the mode of drawmg 
those scales as well as for the further prosecutIOn of thIS branch 
of drawmg, the student IS referred to Joplmg's and Sopwlth's 
treatl8e on the subject, as we only propose to gIve an introduction 
to isometrical d)·awing. Sufficient, however, has been gIven to 
enable the student to apply It to a very large class of objects, and 
it would extend the SIze of thIS work too much, to pursue the 
subject In full. 

PERSPECTIVE. 


PLA TE XXXIV. 

The <.lesign of the art of perspecthoe IS 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 4ff> 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 LIGHT. When a ray of light 
passes from a rare to a more dense medium, 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 through a 
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 ofa 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 dept>nds 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 



98 PLA TE XXXIV. 

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 nnpoh~ht'd, 
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 
unbl it is no longer perceptible. 

9th. Rays received from a luminous source are called 
direct, and the parts of an object reeeh-ing these direct 
rays are said to be in LIGHT. The portions of the sur
face so situated as not to receive the direct rays are 
said to be in SHADE; 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 SHADOW. 

10th. The parts of an ~bject in shade will always be 
lighter than the shadow, as the object receIVes more or 
less reflected light from the atmosphere and adjoining 
objects, the quantity depending on the position of the 
shaded surface, and on the position and q uahty of the 
surrounding objects. 

11tho 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 not illuminated by 
the direct rays of the sun or by some artificial means. 

12th. Rays of light proceeding in straight hnes 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 objects 
within the scope of vision. 

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

NO'l'E.-The size of objec~ 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 perspecti"e, 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 .11 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 N. O. P. Q represents 
a picture frame in which a pane of glass is inserted; 
the surface of the glass slIghtly 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 perspecth e representation of the 
original, -which would form exa~tly the samE' sized 
image on the retina; thus the point b would intercept 
the view of B, c of C, d of D and 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 
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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 throughf, 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 d~ 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 .11. B, the eye at S 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 th'rough the hot
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 .11 
and C, and the straight rods Band D would produce 
the same image, bemg placed at different distances 
from the eye, and all contained in the same angle D. 
S. E. As the bent rods .11 and C are viewed edgewise 
they would form the same shaped image as if they weI e 
straight. The angle formed by the rays of light pass
ing from the top and bottom of an object to the eye, 
a~ D. S. E, is called the VISUAL ANGLE, and the 
ohject is said to subtend an angle of so many degrees, 
measuring the angle formed at 8. 

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 
pencIl a httle, the side will appear shorter, and one of 
the ends can also be seen, and the more the pencd 
is inclmed 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 inclme 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 
wou'ld form a straight line whose length would be equal 
to the dtameter, 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. 

FIGURE 1. 

21st. If we suppose a person to be standing on level 
ground, with his eye at S, the line .11. F parallel to the 
~urface and about five feet above it, and the surface G. 
B to be divided off mto spaces of five feet, as at B C. 
D and E, then if from S, with a radius S. G, we de
scribe the arc .11. G, and from the pomts B. C. D and 
E we draw hnes to S, cutting the arc in H. K. Land 
.ilf, the distances between the lines on the arc, will rep
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resent the angle subtended in the e) e by each space, 
ana if we adopt the usual mode fot measurmg 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 IS!Q, from C to D about 8°, and from D to 
E about 4!0 

, 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 subtendmg an angle so small, that the eye 
could not appreciate it. It is this foreshortenmg that 
enables us 10 some measure to judge of distance. 

22nd. If instead of a level plane, the person at 8 be 
standing at the toot of a hIll, the surface being less in
clmed 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 
drawmg the lines of a picture so as to com'ey to the 
eye the apparent SHAPE or FIGURE of each object from 
the point at which it is viewed. 

25th. AERIAL PERSPECTIVE teaches the mode of 
arranging the direct and reflected LIGHTS, SHADES and 
SHADOWS of a picture, so as to give to each part its 
requisite degree of tone and color, ,,\<hminishmg the 
strength of each tint as the objects re~ede, 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 ~trjct mathematical demonstration, and its rules must 
be positively followed to produce the true figure of an 
object. 

D'E FIN I T ION S. 

27th. The PF-RSPECTIVE PLANE is the surface on 
whicll 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. Q:5 the perspective plane. 

28th. THE GROUND LIN E 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 natwral 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 'Iewed by a. JJerson reclining on the ground, or 
standmg UprIght '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. 

NOTE.-The tops of all horizontal objects that are below the 
hOrIzon, and the under sides of objects above the hClrIzon, will 
appear more or less displayed as they recede from or approach to 
the hOrIzon. 

30th. The STATION POINT, or POINT of VIEW is the 
position of the spectator when viewing the object or 
pirture. 

31st. The POINT of SIGHT. If the spectator stand
ing at the station point should hold h~s 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 S, fig. 2, and called the point of sight. It must 
be remembered that the point of sight is not the position 
if 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 DISTANCE are set off on the horizon 
on either side of the point of sight as at D. D', 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 

. pictUle. 
NOTE I.-Although the height of the horizon, and the points 

of (list.mce may be varied at pleasure, it IS only from that dIstance 
and with the eye on a level wllh the hOrIzojfthat a picture can 
be viewed correctly. 

NOTE 2.-1n the following diagrams the points of distance 
have gE'nerally ix>pn plac£'o wlthm the boundary of thE' platE's, as 
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It IS Important that the learner should see the pomts to whICh 
the lmes tend; they s::l)uld be copied with the points of distance 
much farther off. 

33rd. VISUAL RAYS. All hnes drawn from the ob
ject to the eye of the spectator are called visual rays. 

34th. The MIDDLE RAY, or CENTRAL VISUAL RAY is 
a hne proceeding from the eye of the spectator to the 
point of sight; external vislLal 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 
vi~ual angle. 

NOTE.-The perspective plane must always be perpendIcular 
to the middle visual ray. 

35th. VANISHING POINTS. It has been shewn at
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 POINT of SIGHT is called the PRINCIPAL 
VANISHING POINT, because all horizontal objects that 
are parallel to the middle visual ray WIll vanish in that 
point. If we stand in the midclle 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 furnitme ranged against 
the side \\ aIls, or placeu parallel to them, would all tend 
to a point in the end of the room at the height of the eye. 
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37th. The VANISHING 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 pomts are called accidental points. ~ 

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

39th. Of VANISHING PLANES. On takmg 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 m 
the dIstance at the height of the eye, called the point 
of sight, or principal vamshing point; this is equal1y 
true ofhorizontal 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 vanishmg 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 theil intersection with the 
horizontal planes of the side walks, these boundaries 
would also tend to the same pomt, 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 ,-ertical planes would all tend to 
the sa'me point. 

NOTE.--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 In this 
paragraph. When the hOrizon of a picture IS placed very hIgh 
above the tops of tht' houses, as if the spectator were placed on 
some very elevated ol~ect, or If seen as a bird would see it when 
on the WIng, the VIew IS called a bird's eye VIew; In a representa
tion of this kmd the tops of all objects are vIsIble, and the tenden
cy of all the planes and hnes parallel to the mIddle Visual ray to 
vamsh m the pomt 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 
viewmg 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 Platp 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 PLA.NE OF TilE 
PICTURE have no vanishing point, neither have any 
hnes drawn on such planes. 

43rd. VERTICAL OR HORIZONTAL PARALLEL PLANES 
running at any inclination to the middle ray or perspec
h ve 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 pomt of sight, because the walls 
form different angles with the perspective plane, as 
shewn by the plan of thl' 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, vanish in 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 
_4.XIOMS ; their importance should induce the student to 
fix: them well in his memory: 

1st. The ANGLE OF REFLECTION OF LIGHT is equal 
to the angle of mcidence. See paragraph No.3, page 
96. 

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

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

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

5th. PARALLEL PLANES 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. 

9th. PLANES AND LINES PARALLEL TO THE PLA~E 
OF THE PICTURE have no "anishing point. 



PLATJo: xxxv. 109 

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. 0 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 N. 0, draw a 
perpendicular to V. L, cutting it in S. Then S is the 
point of sight or the principal vanishmg point, and C. 
S the middle visual ray. 

3rd. As the sides No P and O. Q are parallel to the 
middle ray C. S, they will vanish in the point of sight. 
Therefore from Nand 0 draw rays to S j these are 
the external visual rays. 

4th. From S, set off the points of distance D. D' at 
pleasure, equidistant from S, and from Nand 0, draw 
the diagonals No 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 No O. Then the trape
zoid No O. E. F is the perspective representation of 
the given square viewed at a distance from Won the 
1ine W. B, equal to S. D. 

2nd. To draw the Representation of another Square 
of the same size immediately in the rear of E. F. 
1st. From E, draw E. 1Y, intersecting O. Sin H, 

and from F, draw F. D, intersecting N. S in B. 
2nd. Draw B. H parallel to E. F, which completes 

the second square; and the trapezoid No O. H. B is 
the representation of a parallelogram whose side O. H 
~_ double the side of the given square. 

10 
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NOTE -If from Won the hne W. B we set off the thstance 
S. D, extendmg In the example outside of the plate, (which rep
resents the distance from which the picture I~ Viewed,) and from 
Nand 0 draw rays to the pomt so set off, cuttmg P. Q In 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. 

FIGURE 1. 

To 	 draw a Perspective Plan of a Square and divide it 
into a given n'lltmber of Squares, say sixty-:four. 

Let G. L be the base line, V. L the horizon, S the 
point of sight, and N. 0 the given side of the square. 

1st. From Nand 0, draw rays to S and diagonals 
to D. D, intersecting each other in P and Q, draw 
P. 	Q. 

2nd. Divide No 0 into eight equal parts, and from 
the points of division draw rays to 8. 

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

OF HALF 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 S. D in ! D, and No 0 in C, and 
draw a line from C to t D, it will intersect N. 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. 

NOTE.-Any other fractIOn of the dlstance may be used, pro
vlded that the dlVlSIons on the base hne be measured proportion
ately. 

FIGURE 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. 

NOTE.-To AVOID REPETITIONS in thefollowing diagrams, we 
.halt suppose the base line, tlle horizon V. L, the IJoint ofsight S, and 
the points of dtStance D. D to be given. 

1st. Let No 0 be the width of the proposed room, 
then draw No Sand O. S representing the sides of the 
room. 

2nd. From N toward 0 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 No $, draw lines parallel 
with N. 0 to the line O. S. 

3rd. From Nand 0, 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 N we layoff the distances and widths 
of the pilasters toward M, and draw diagonals to the 
opposite point of distance, No S would be intersected 
in exactly the same points. 

NOTE -Any rectangular ohJf'ct may be put m perspective by 
this mNhod, Without thl> necessity of dra~ mg a geometm'al plan, 
as the dunenslOns may all be laid off on the ground hne by any 
.call' of equal parts. 
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FIGURE 3. 

To shorten the depth. cif a perspective drawing, thereby 
producing the same effect as if the points 0/ 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 
fzom No 

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 No S in P. 

3rd. From N erect a perpendlcular No B to inter
sect the diagonals, and from those intersections draw 
horizontal lines to intersect N. S. 

4th. If from N we draw the inclined line N. E and 
transfer the intersections from it to V. 0, it will reduce 
the depth much more, as shown at O. 8. 

Most of the foregoing diagrams may be drawn as 
well with one point of dlstance as wlth two. 

PLATE XXXVII. 


TESSELATED PAVEMENTS. 


FIGURE 1. 

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

1st. Draw the pf'rspective square N. O. P. Q. 
2nd. Divide the base line.No 0 into spaces equal to 

the diagonal of the hIes. 
3rd. From the divisions on No 0 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 pomts of distance. 

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

FIGURE 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. 0 
into alternate spaces equal to the breadth of the square 
and borders. 

2nd. From the divisions on X. ° 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. 0, 
draw lines parallel to X. 0, to complete the small 
squares. 

FIGURE 3. 

To draw a Pavement composed of Hexagonal and 
Square Blocks. 

1st. Diviue the diameter of one of the proposed 
hexagons a. b into three eqnal parts, and from the 
points of division draw rays to the point of SIght. 

2nd. From a, 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. 
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4th Layoff the base line from a and b into spaces 
~qual 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. 

FIGURE 1. 

7~J draw the Double Square E. F. G. H, viewed diago
nally, with one oj its corners touching the Perspective 
Plane. 

1st. Prolong the sides of the squal es as shewn by 
the dotted lines to intersect the pf'rspective plane. 

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

3rd. The square Jl. B. No 0 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. 

FIGURE 2. 

To draw the Perspective Representation 0/ q. Circle 
viewed directly in front and touching the Perspective 
Plane. 

Find the pos1tion of any number ofpoints in the Curve. 
1st. Circumscnbe the circle With a square~ draw the 

diagonals of the square P. 0 and No Q, and the die 
ameters of the circle .fl. Band E. F, also through the 
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intersections of said diagonals with thp ctrcumference, 
draw the chords R. R, R. R, continued to meet the 
line G. L in Yand YJ 

2nd. Put the square in perspective as before ~hewn, 
draw the diagonals No D', and o. D, and the radials 
y. 	Sand Y.' S. 

3rd. From.l1, draw.l1. S, and through the intersec
tion of the diagonals draw E. F parallel to N. O. 

4th. Through the points of intersection thus found, 
viz: .11. B. E. F. R. R. R. R trace the curve. 

NOTE I.-This method glvt>S E'lght pomts through which to 
trace the curve, and as these points are eqUldlstan.t in the plan, it 
follows that If the pomts werE' jomro by rIght Imps It would give 
the perspective rpprest>ntatlon of an OCTAGON. By drawmg di
ameters midway between those a]rt>ady drawn on thp plan, eight 
other pomts In the curve may be found. This wouhl give SIX

teen pomts m the curve, and render the operauon of tracmg much 
more correct. 

NOTE 2 -A CIRCLE in perspective may be considered as a po
lygon of an infinIte number of SIdes, or as a figure composed of 
an mfinIte number of pomts, and as any point in the curve may 
be found, It follows that every point may be found, and each be 
posltlvely deSignated by an mtPrsection; m practice of course thiS 
IS unnecessary, but the student should remember, that the more 
pomts he ~an positively designate Without confusion, the more 
correct wIll be the representation. 

PLATE XXXIX. 

LINE OF ELEVATION 

FIGURE 2 

Is the plan of a square whose side is nine feet, each 
~ide 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 u'ith its divisions in perspective, 
one of its sides N. 0 to coincide with the perspective 
plane. 

Transfer the measures from the side N. 0, fig. 2, to 
to N. °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, 
] 2 feet high and one foot diameter, equal to the 
size oj' one of the squares on the plan. 

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

2nd. On N. .11 one of the perpendiculars that touches 
the perspective plane layoff the height of the column 
N. M from the accompanying scale, then N. M IS A 

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. (J parallel to N. 0, 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 Q, and through the inter
section of the hne C. 8 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 pillar at W, 1st. 
draw a horizontal lme from its foot intersecting the 
proportional scale N. B in Y; 2nd. from Y draw a 
verticallmc intersecting M. B in X; then Y. X is the 
helght of the front of the column W. By the same 
method the height of the column Qmay 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 .Il[ draw a diagonal to the opposite 
point of distance, which determines the position of the 
comers Hand K, from H draw a ray to the point of 
sight. 

4th. Erect perpendiculars on all the corners, layoff 
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 a and P of the 
same height as the Pillars, with a base c!ffour square 
feet, as shewn in the plan. 

1st. Draw diagonals to the plan of the base, and 
from their intersection at R' draw the perpendicular 
R.' '1". 
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2nd. From R! draw a line to the proportional scale 
No B, and draw the vertical line Z. G, which is the 
height of the pyramid. 

3rd. l\'lake R.' T' equal to Z. G, and from the cor
ners of the perspective plan draw lines to T', which 
complete the front pyramId. 

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

NOTE I.-The point of 'Sight S shewn in front of the column 
W, must be supposed to be really a long distance behmd It, but 
3l:> we only SE't> the end of a hne proceed 109 from the eye to the 
pomt of sIght, m can only represent It by a dot. 

NOTE 2.-A part of the front column has been omitted for the 
purpose of shewmg the perspective S(>ctioDS of the remammg 
parts, the Sides of these sectIOns are drawn toward the pomt of 
sight, the front and back ]m.es are horizontal. The upper sectIOn 
is 3 lIttle farther removed from the horizon, and IS consequently a 
httle WIder than the lower sf-chon. ThiS may be taken as an il
lustratIOn of the note to paragraph 29 on page 104, to which th6 
reader IS referred. 

NOTE 3.-The dottl'd hnes on the plan shew the dlIection and 
boundarIes of the shadows; they have been projected at an angle 
of 450 With the plane of the picture. 

PLATE XL. 

FIGURE 1. 

To draw a Series of Semicircular .!1rches viewed direct. 
ly in front, fotming a Vaulted Passage, 'With p1'O" 

jecting ribs at intervals, as shewn by the tinted plan 
below the ground line. 

1 st. From the top of the side walls No I and O. K, 
draw the front arch from the centre H, and radiate the 
joints to its centre. 





J 'La1e40 . 

ARCHES I N PERSPEC TIVE' . 

f lg .l . 

ru,rulJ'l, Sons 



PLATE XL. 119 

2nd. From the centre H and the springing lines of 
the arch, and from the corners.J1 and M draw rays to 
the point of sight. 

3rd. From.l1 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 .11". B". e", &c. 
on the plan, to .11'. B'. C', &c., on the ground line, and 
from them draw diagonals to the point of distance, in
tersecting the ray .11. S in B.• C. D, &c. 

5t~. From the points of intersection in.l1. S draw 
lines parallel to the base line to intersect ~[. S. 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 ct'ntres, and the joints in 
the soffit of the arch radiate to the point of sight. 

NOTE.-No attempt is made In this diagram to project the 
shadows, as it would render the Jines too obscure. But the front 
of each projection is tinted to 'make It more conspieuous. 

FIGURE 2. 

To draw Semicircular or Pointed .I1rcades on eithir 
side of the spectator, running parallel to the middle 
visual ray. N. P and Q. 0 the width of the arches 
being given, and P. Q the space between them. 

1st. From No P. Q and 0 erect perpendiculars, 
make them all of equal length, and draw E. Fand M. J. 

http:corners.J1
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2nd. FOR THE SEMICIRCULAR ARCHES, bIsect E. F 
in C, and from E. C. F. 0 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. 0, then from 0 draw a diagonal to the 
point of distance, cutting Q. S in R, from R draw a 
diagonal to thE' OpposIte point of distance cutting O. 
8 in V, from V draw a diagonal to D, cutting Q. Sin 
W, and from W to IY, cuttmg O. S In X. 

5th. Through R. V. Wand X, draw horizontal lines 
to intercept the rays O. Sand Q. S, 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 hnes, and from their intersections with the ray 
drawn flOm C in - 1, 2, 3 and 4, descnbe the retIring 
arches. 

7th. FOR THE GOTHIC ARCHES, (Jet them be drawn 
the same distance apart as the semicircular,) continue 
the horizontal lines across from R and V, to intersect 
the rays P. S and No S, and from the points of inter
section erect perpendiculars to intersect the rays drawn 
from Mand 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 S; from .!1 and B with the radius .n. 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 plcture, and although each succeedmg arch IS smaller than 
the arch in front of it, all may be descnbed with the compasses. 
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PLATE XLI. 

TO DESCRIBE ARCHES ON A VANISHING PLANE. 

FIGURE 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
zontalline K. M, through the points where the diago
nals intersect the given arch. Then H. K. JV: ~I and 
J, are points in the curve which are required to be 
found in each of the lateral arches. 

3rd. From F and 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. 8 in 0; through 0, draw a horizon
tal line cutting Z. S in P; from P, draw a diagonal 
intersecting B. S 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. Sand U, erect perpendiculars, 
cutting F. 8 in V. W. X and Y. 

11 
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7th. Draw the diagonals J. V, F. I, &c. as shewn in 
the diagram, and from their intersectIOn erect perpen
diculars to meet F. 8; through which point and the 
intersections ofthe diagonals with C. 8 trace the curves. 

FIGURE 2. 

To draw Receding Arches on tM Vanishing Plane J. 
S. D, with Piers between them, corresponding with 
the givenfront view, the Piers to have a 8quare Base 
'with a side equal to C. D. 

1st. From D on the base line, set off the distances 
D. C, C. Band B . .Il 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. 8, erect perpen
diculars; draw the parallelogram M. No H. I around the 
given front arch, the dmgonals .Ilf. I and H. N, and 
the hOflzontal lme L. K, prolong H. I to J and M. N 
to V. 

3rd. From B. C. D. M. f. J. K and V, draw rays 
to the point of sight, put the parallelograms and dhlgo
nals in perspective at O. P. V. Wand at Q. W. R. X, 
and draw the curves through the points as in the last 
dlagram. 

4th. From i where E. 1Y cuts D. 8, draw a horizon
tal line cutting B. 8 in h, and from h erect a perpen
dicular cutting .}[. S in 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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NOTE.-The backs of the side arches are found by the same 
method as the fronts or those arches. The hnes are omitted to 
avoid confusion. 

The projectmg cap in this diagram is constructed in the same 
manner as the caps of the pillars in Plate 39. 

PLA TE XLII. 

APPLICATION OF THE CIRCLE WHEN PARAL

LEL TO THE PLANE OF THE PICTURE. 


V. L is the horizon, and 8 the point of sight. 

FIGURE 1. 

To draw a Semicircular Thin Band placed above the 
horizon. 

Let the semicircle .11. B represent the front edge of 
the band, .11. B the diameter, and C the centre. 

1st. From .11. C and B, draw rays to the point of 
sight. 

2nd. From C the centre, layoff toward B, the 
breadth of the band C. E. 

3rd. From E, draw a diagonal to the point of dis
tance, intersecting C. 8 in F. Then F is the centre for 
describing tM back of the band. 

4th. Through F, draw a horizontal line intersecting 
.11. 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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FIGURE 2. 

To draw a Circular Hoop with its side resting on the 
Horizon. 

The front circle .11. H. B. K, diameter .11. B, and 
centre C being given. 

1st. From .11. C and B, draw rays to the point of 
sight. 

2nd. From C the centre, layoff the breadth of the 
hoop at E. 

3rd. From E, draw a diagonal to D', intersecting 
C. 8 in F, and through F, draw a horizontal line inter
secting.l1. S in K, and B. S in L. 

4th. From F with a radius F. Lor 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, layoff 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 circles 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. 

FIGURE 4 

Is a hollow cylinder placed below the horizon, and 

http:secting.l1
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must be drawn by the same method as the precedmg 
figures; the letters of reference are the same. 

NOTE.-The objects in this Plate are tinted to shew the dIffer
ent surfaces more distmctly, without attempting to project the 
shadows. 

PLATE XLIII. 


The object and point ofview given, to find the Perspec
tive Plane and Vanishing Points. 

Rule I.-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 hOrIzon 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 Q be the 
position of the spectator viewing it, (called the point 
ofview 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. 

NOTE.-The student should refer to paragraphs 30 and 31, p. 
104, for the defimtlOns of station point and point ofsight. 

2nd. Draw P. 0 at right angles to Q. K, touching 
the corner of the given object at E, then P. 0 will be 
the base of the perspective plane. 
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NOTE-TIllS position of the perspective plcllle, is the farthest 
point from the specL'ltor at which it can be placed, as the whole 
of the object viewed must be behmd It; but it may be placed at 
any mtermediate pomt nearer the spectator parallel with P. O. 

3rd. Through Q draw Q. P parallel with E. F, in
tersecting the perspective plane in P, then P is the van
ishing point of the lines E. F and G. H. 

4th. Through Qdraw Q. 0, parallel to E. H, inter
secting the perspective plane in 0, then 0 is the van
ishing pointfor E. Hand F. G. 

5th. If we suppose the station point to be removed 
to .11, then.fl. M will be the central visual ray,.I1. F 
and .11. 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. Hand F. G wIll be outside 
the plate about vii inches distant from .11, in the direc
tion of.l1. C. 

6th. If the station point be removed to K, it will be 
perceived that E. 11 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 pf'rspective 
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 m the per
spectIve planf>, whIch the student wtll remember whf>n used m 
dus connection, )s eqUIvalent to the base Imf> or ground hne of 
the picture, be10g the .eat or position of the plane on which the 
drmuing iI to be made; but we must suppose these po1Ots to be 
elevated to the height of the eye of the spectator; 10 practice, thf>se 
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pomts must be set off on the horizontal bne as descnbed in para
graph 32, page 104. 

PLATE XLIV. 

To delineate the perspective appearance ofa Cube view
ed accidentally and situated beyond the Perspective 
Plane. 

FIGURE 1. 

Let .11. B. C. D be the plan of the cube, S the sta
tion point, 8. 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. Nand O. 
- 2nd. From the corners of the plan draw rays to the 

station point, intersecting the perspective plane in a. d. 
b. c. 

ard. Through 8, draw S. F parallel to .11. D, and S. 
G parallel to D. C. Then F is the vanishing pointfor 
the sides ~. D and B. C; and G is the vanishing point 
for the sides A. Band D. C. 

FIGURE 2. 

4th. Transfer these intersedions from B. L, fig. 1, 
to B. L, fig. 2, and the 'vanishing points F and G to 
the horizon, as shewn by the dotted lines. 

5th. From E and M, draw lines to the vanishmg 
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point G, and from Nand 0, draw lines to the vanish
ing point F. Then tlte trapezium A. B. C. D formed 
by the intersection of these lines, is the perspective view 
of the plan of the cube. 

6th. To DRAW THE ELEVATION. At M. E. Nand 
o erect perpendiculars and make them equal to the 
side of the cube. 

7th. From the tops ofthese 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.l1. D and C, erect perpendiculars to com
plete the cube. 

NOTE.-It IS not necessary to erect perpendiculari from all the 
POInts of IntersectIOn, to draw the representatIOn, but It is done 
here, to prove that the heIght of an object may be set on any per 
pendlcular erected at the POInt where the plane, or lIne, or a con
tInuatIon of a lme Intersects the perspectIve plane; one such lIne 
of elevation IS generally sufficIent. 

9th. To draw the figure with one line of heights, 
proceed as follows: from.l1. D and C, erect indefinite 
perpendlCulars . 

. 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 Hl K and L. 

11th. From K, draw a line to F, cutting .11. P in P; 
from L, draw a lme to F, and from P, draw a line to 
G, which completes the figure. 

NOTE -The student should observe how the lines and hori
zontal planes become dlmmlshed as they approach toward the 
hOrIzon, each successIve lme becomIng shorter, and each plane 
nan ower unlll at the height of the eye, the whole of the top 
would be represented by a straight hne. I would here remark, 
that It would very matenally alll 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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lions 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 untIl it becomes a 
HABIT, and I can assure you It wlll be a source of much grati
ficatIOn. 

PLA T E XL V. 

TO DRAW THE PERSPECTIVE VIEW OF A ONE 
STORY COTTAGE, SEEN ACCIDENTALLY. 

FIGURE 1. 

Let .11. 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 
paral1i!1 wIth the walls, gi\ e 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
specth'e 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 8 draw a line parallel to the side of 
the rottage D. C, to intersect the perspective plane in 
L. TIllS gives the vanishing point for the ends of the 
building and for all plane() parallel to it, viz: the side 
of the chImney, and jamb~ of the door and window~. 
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4th. Through S 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 fronl of the 
chimney. 

FIGURE 2. 

Let us suppose the parallelogram P L. W. X to be a 
separate piece ofpaper 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 mdefinitely. 

4th. From band d draw perpendicu1ars to intersect 
the last line drawn, in 0 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 tht' 
walls, at 0, and from 0 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 c intersecting them in Yand s; 
this will ~iye the corner Y, and determine the depth of 
the building. 

7th. Find the centre of the vanish~ng plane repre
senting the end, by drawing the diagonals?n. Y and e. s, 
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and through their intersection draw an indefinite per
pendicular u. v, which will give tM position ofthe gable. 

8th. To FIND THE HEIGHT OF THE GABLE, set off 
its proposed height, say 7' 0", from 0 to N on the lme 
of heights, from N draw a ray to Z, intersecting e. d in 
W, and from W draw a vanishing line to T intersecting 
u. v in v, then v is the peal;; of tM gable. 

9th. Join m. v, and prolong it to meet a perpen
dicular drawn th!"~:1gh the vanishing point T, which it 
will do in V, then V is the vanishing point for the in
clined lines of the ends of the front halfof the roof. 
The ends of the backs of the gables will vanish in a 
point perpendicularly below V, as much below the 
horizon as V is above it. 

10th. FOR THE ROOF. Through v draw v. y to Z 
without, to form the ridge of the roof, fromflet fall a 
perpendicular to intersect y. v in w, through w draw a 
line to the vanishing point V to form the edge of the 
roof. From d let fall a perpendicular to intersect V. 
w, and from the pomt of intersection draw a line to Z 
to form the front edge of the roof, from a let fall a per
pendicular to define the corner x, and from x draw a 
line to V intersecting w. y ill y, which completes the 
front half of the roof; from w draw a line to the van
ishing point below the horizon, from c let fall a perpen
chcular to intersect it in g, and through g draw a line 
to Z, which completes the roof. 

11th. FOR THE CHIMNEY. Set off its height above 
the ridge at M, from .M draw a line toward the vanish
ing point Z, intersecting o. b in U, from U draw a line 
to the vanishing point T, which gives the height of the 
chimney, bring clown perpendiculars from rays drawn 
from G. F and E, fig. 1, and complete the chimnf'y by 
vanishing lines drawn for the front toward Z and for 
the side toward T. 
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12th. FOR THE DOOR AND V{INDOWS. Set off their 
heights at P. Q and draw lines toward Z, bring down 
perpendiculars from the rays as before, to intersect the 
hnes drawn toward Zj these lines wIll deteonine 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 I.-As the bottom of the front fence if continued, would 
Intersect the base hne at K the foot of the hne of heights, and Its 
top IS in the hOrIzon, illS therefore five feet high. 

NOTE 2.-The whole of the lInes in this diagram have been 
projected accordmg to the rules, to explam to the learnt"r the 
methods of domg so, and It Will be necessary fi)r him to do so 
untIl he IS perfectly familIar WIth thp suhJect. But If he Will fol
low the rule laid down at the end of thE' dpscnptlOn of the last 
plate, he Will soon be enabled to complete hiS drawmg by hand, 
after projectmg the prInCipal hnes, but It should not he attempted 
too early, as It win beget a careless method of drawmg, 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: 

Ist.-DISTANCES ACROSS THE PICTURE. 

Centre street between the houses 600ft. wide. 
Side walks, each 10 0 " 
Middle space between the lines of railway 4 6 " 
Width between the rails 4 9 " 
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 FROM THE SPECTATOR, IN THE LINE OF 

THE l\'hDDLE VISUAL RAY. 

From spectator to plane of the picture 134 fect. 
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 1 

60 " the blocks S 
Depth of second block same as the first 140 " 
Depth of houses on the left of the picture, ~ 

40 " behind the three story warehouses S 

To DRAW THE PICTURE. 

1st. Let C be the centre of the perspective plane, 
H. L the horizon, S the point of sight. 

2nd. From C on the line P. P, layoff the breadth 
of the street thirty feet on each side, at 0 and 60, 
making sixty feet, and from those points draw rays to 
the pomt of sight; these give the lines of the fronts of 
the houses. 

3rd. From 0 layoff a point 50 feet on P. P, and 
draw a didgonal from that point to the point of distanceIwithout the picture; the intersection of that diagonal 
with the ray from 0, determines the corner of the 

12 
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building; from the point of intersection erect a perpen
dIcular to B. 

4th. From 50, layoff 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 wlth the 
ray from 0, the depth of each house. 

5th. After the depth on O. 8 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 8, as shewn by the dotted lines. 

NOTE.-As a dIagonal drawn to the pomt of dIstance forms an 
angle of 450 With the plane of the pIcture, it follows that a diago
nal drawn from a ray to another parallel ray, wIll Intercept on 
that ray a space equal to the distance between them. Therefore 
:Is the street In the diagram IS 60 feet Wide and the front of each 
house IS 20 feet, it follows that a diagonal drawn from 1>ne Side 
of the street to the other wIll Intercept a space equal to the fronts 
of three houses, as shewn In the drawjng. 

6th. Layoff 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. 

7th. At 0 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.l1, from.l1 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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flom the top and bottom corner of the front wan to the 
pomt 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, tI,e 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 paranel 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 erecb,d 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 paranel 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 
Jines in a perpendicular above or below it, as shewn by 
the gables. 
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SIIADOWS. 

1 st. 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 dil ect 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 ltght and the object. 

3rd. THE FORM 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 MA Y BE CAST BY 

DIFFERENT FIGURES: for example, a sphere and a flat 
circular disk would each project a circ1e on a plane 
perpenchcular to the rays of light, so also would a cone 
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and a cyhnder 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 
it placed sideways to the rays would be a triangle, and 
of the cylinder would be a parallelngram. 

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 s/w,ding 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 dil ect 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 
lme, 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 receh'e a larger pro
portion of reflected light. 

7th. Shadows projected from circular objects are 
..lso generally well definE'd, but the ~hadings 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 

]2· 
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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. DOUBLE SHADOWs.-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 
flOm the direct rays is always the strongest; in a room 
at night ht by artdicial means, each hght projects a 
separate shadow, the strength of each depending on 
the intensity of the ligbt 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 ele\-ation, 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 thI:; 
rule is stnctly 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 drawmg lmes 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 450 wIth the s)(lf's; with 
the hypothenuse placed agamst the edgf' of the square, hnes may 
be drawn at the reqUIred angle on eIther sIde. 

PLATE XLVII. 

PRACTICAL EXAMPLES FOR THE PROJECTION 
OF SHADOWS. 

FIGURE 1 

Is a square shelf supported by two square bearers 
projecting from a wall. The suiface of the paper to 
represent the wall in all the following diagrams. • 

1st. Let.l1. B. C. D be the plan of the shelf; .11. 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 "all W. X, and from these intersections erect in
definite perpendiculars. 

4th. From 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. 



140 PLATE XLVII. 

FIGURE 2 

Is a square Shelf against a wall supported by two square 
Uprights. 

L. M. JV: 0 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 Rand S, draw lines at an angle of 45° 
to intersect the corresponding lines from the plan. 

FIGURE 3 

Is a Frame with a semicircular head, nailed against a 
wall, the Frame containing a sunk Panel of the same 
form. ' ,. 
1st. Let.l1. 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 rlotted lines. 

3rd. From Nand N,' 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. 8, 

, describe the sh~dow of the frame. 
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NOTE.-The tangent drawn at L and the curve of the shadow 
touch the edge of the frame in the same spot, but If the propor
tiOns were different they would not do so; therefore it is always 
better to draw the tangent. 

FIGURE 4 

Is a Oircular Stud representing an enlarged view of one 
of the Nail Heads used in the last diagram, ofwhich 
N. O. P is a section through the middle, and W. X 
the face of the frame. 

1st. Draw tangents at an angle of 450 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. 

ard. 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. 

FIGURE 5 

Is tJ Square Pillar standing at a short distance in front 
of the wall W. X. 

1st. Let.!l. B. C. D be the plan of the pillar, and 
W. X the front of the wall, from.!l. C. 1) 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 Cand D. 

ard. 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 XL VIII. 

SHADD W S-C ONTINUED. 

FIGURE 1 

Is the Elevation, and Fig. 2 the Plan rtf a Flight of 
Steps with rectangular Blockings at the ends, the 
edge of the top step even with the face of the wall. 

1st. From .fl. 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 N, 
which defines the shadow on the first riser. 

3rd. From Q where the ray from C intersects the 
edge of the second step, dnrw a perpendicular to ..lJ;I, 
which defines the shadow on the second riser. 

4th. From K where the ray from .fl intersects the 
top of the third step, draw a perpendicular to 0, which 
defines the shadow on the top of that step. 

5th. From L where the ray from .IJ intersects the top 
of the second stt'p, draw a perpendicular to H inter
secting the ray drawn from C in 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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FIGURE 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. 

1st. From .11 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 .11 erect a perpendicular to B, and from 
B draw a ray at 45° with .11. B to intersect the perpen
dicular from .11 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. 

NOTE I.-The outhnes of shadows should be marked by famt 
hnes, 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 fuU, and never allow the edges 
to dry until the whole shadow is covered.· The same rule will 
apply in shadmg cIrcular objects; first wash in all the shaded 
parts with a hght tint, and deepen each part by succeSSIve layers, 
always takmg care to cover WIth a tint all the parts of the object 
that reqUIre that tint; by thiS means you will aVOId harsh out
hnes and transitions, and gIve your dniwmg a soft agreeable 
appearanLC. 

NOTE 2.-The lightest part of a circular object is where a tan
gent to the curve is perpendicular to the ray as at P. The darkest 
part Is at the point where the ray is tangental to the curve as at 
..q, because the surface beyond that pomt receives more or less 
reflected hght from surroundmg objects. 
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THE THEOHY. 

\VHE::V we survey, with attention, the beautiful 
coloring of the works of nature, we. cannot fail to 
pen'eive the almost infinite variety of tints and hues 
of which the landMape 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 maSR, and much more 80 when analyzed and ex
amined in detail. 

But numerous a.~ are those hues, it has been demon
strated that all are composed of three primary colors, 
viz. : 

YELLOW, RED, AND 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. 

\tVe seldom find tllem used in their intensity, in 
natut'e's own painting; and chiefly on the smaller 
gems with which she loves to decorate Jler 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 mm 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. 

LIGHT, SHADE, AND SHADOW 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: 'Vhen a ray of light 
passes from a rare to a more dem~e 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 }lole to be 
bored in a window-shutter, thlough 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 pri~m made of col
orless glass, which, receiving the rayon one of its sides, 
refracted it from its direct 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, 

INDIGO, 

BLUE, 

GREEN, 

YELLOW, 

ORANGE, 

RED. 

This elongated image he called the "SOLAR SPEC

TRUM." The elongation is caused by the different 
degree of refrangibility of the colors of which the 
1°n.y was composed. Thug red is less refrangible than 
orange-orange than yellow, and so on to violet, 
whICh is t.he most 1efrangible. 

In continuance of this beautiful experiment, Sir 
I<;aac, by a series of reflectors placed in the spectrum, 
threw all the colors to the same pOlllt, 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 colol'5. 

It was soon noticed, however, by those who repeated 
the above experiment, that the colors had no positive 
line of separation, but that th~ adjoining colors were 
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gradually blended together: thus the red changed by 
almost imperc{>pt1ble 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 adjointng 
colOls 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 succ-essflll1y imitated with those three colors, not 
excepting the beauteous rain bow, which exhibits all 
the colors of the solar 8pectrum, 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 
C01rect. 

In addition to the three primary colors, we must add 
to t.he scale, LIGHT, and its absence, SHADE; which are 
represented by white and black. 

Black, in the sttictest 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 grayi~h tint; gray being the mean 
between light and shade. Thc te1m black is usually 
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applied to the darkest shades either in Nature or 
Art. 

A union 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 " "GREEN. 
Red and Blue "" PURPLE. 
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 If parts Yellow. 

and or Red.
" 

Green YELLOW HUE, t= ~ Blue." 
Orange } produce RUSSET part Yellow. 


and or Red.
"}=HPurple RED HUE, Blue." 
Green Yellow.} produce OLIVE} {I part

and or == 1 " Red. 

Purple BLUE HUE, 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 quantitleJI as to poue'/' Field in his Chromatics 
says," thl€C parts yellow will neutralize five palts red or eIght 
parts blue, and If a Cll cular disk be colored III these proportIOns 
flom the cenhe to the ciIcumfelence, and be made to levoIve, 
rapidly, the different colors WIll be blended and the dlsI\: will 
appear of a dull white" 
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each occupies its place in the following scale, as a light 
or a dark color predominates: 

White. Primary. Blue. 
Primary Yellow Green. &condary. 

Orange. Seoondary. Citron, ~ 
Pr'lmary. Red. Russet, Tertiaries. 

Purple. &condary. Olive, 
Black. 

ABSORPTION AND REFLECTION OF LIGHT, 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, alld 8, as above. 

This fact has led to the theory that bodies have no 
inherent color; that different substances absorb dif
fe1ently-colored rays of light, whICh are transmitted 
through their substance; and that, consequently, the 
unabsorbed portion of the J'ay which is reflected deter
mines the color of the surface. Thus, if we suppose 
the entire red of a ray to be absorbE'd, the yellow and 
blue would be reflected, 'lnd the surface would 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 011 its capacity 
for reflecting or absorbing the differently-colored rays; 
nnd, in all cases, the color of the light transmi~ted 
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 laminre: 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 fmdhce, and one that would be 
peIfEwtly transpsl ent would transmit all that It re
ceives; but these perfect conditions are not to be found. 

Transparency and Opacity are, then, not absolute 
but relative terms. 

TI'unsparent rnedia, such as air, water, glass, etc., 
are those which permit light and vision to pass fleely 
through them. Translucent substances are those 
which are not sufficiently transparent to allow us to 
see objects through them, but which transmit light 
more or less freely. 'Ve have learnt above, that the 
most dense substances, when sufficiently thin, will 
transmit light. This te1Jn is therefore very indefinite, 
a substance bemg translucent or otherwise, as its thick
nflSS 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 con~idered 
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 popul~r names 
of colors, arises from the large numher of pigments of 
commerce made to imitate the dIfferent hues and tintR 
of nature. Each bears a specific name, either deri veu 
ii'om its hue or from the elements of which it is com
posed: unt as they are made, by different manufactur
er:o:, 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 succinct 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, rea, 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 secondal'ies, and consequently contains two 
equivalents of one of the primaries, ana one of each of 
the others; these are also three in number, citron, rus
set, and olive. 

4th. BROKEN COLORS are compounded of all tbe pri
maries in indefinite proportions, and form three classes, 
broum, 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, cOllsequently, 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 f:pectator. 

7th. 'VARM COLORS are those in which red or orange 
predominate; they are generally also advancing colors. 

8th. COLD COLORS are generally also retreating colors, 
in which blue and neutral gray are the prevailing hues. 

9th. POSITIVE COLORS are the three primaries, and 
their definite compounds as placed in the scale at page 
1:36 All other decided compounds of' two of the pri
maries also come under this head. 

10th. NEUTRALS are compounded of the three prI
maries in their neutralizing proportions, in which no 
trace of' the positive colors exist; they are neutral 
black, and its shades neutral gray. 
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l\Iore strictly speaking, we have theoretically but 
one neutral; as the neutral grays are to black what 
the 1ighter tints of a color are to its full tone, viz., 
t he same color diluted; but in art, the pigment of white 
and black, as well as all their intermediate shades, are 
termed neutral colors. 

11 tho SE~n-NEuTRALS are the same as the broken 
colors, and occupy a middle ~pace between the posi
tive colors and the neutral black. 

12th. ARTIFICIAL LIGHT iIlCreases the brilliancy of 
all warm colors, but it deteriorates all hues of the 
cold colors, and entirely neutralizes many of their 
lighter tints. 

I •• 

GEO:NIETRIOAL DRAWINGS. 

1\Iechanical or architectural drawings con~ist of 
plans, sections, elevatiolls, isometrical and perbpective 
views. 

Drawings may also be further divided into two 
cla"'"'es: first, the more elaborat('ly-finj~hed drawings, for 
the purpose of explaining the propoRed 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 
po,",sible, 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 d£ltails of construction, generally drawn to a 
larger scale, and on which the dimensions should be 
tio·ured.:=
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.Detail drawings are often roughly tinted to show 
thc materials, as well as the forms and sizes, of construc
tlOn; in machine dlawings, where round bodies fre
quent Iy occur, they are shaded by ruling parallel iuk
hnes, almmit touching each other for the dat kest shades, 
gradually placing them wider apart as they approach 
the light. Such drawings are generally roughly made, 
the wOJ'kman depending more 011 the figured dimen
sions than on the scale. 

For detail dra.wIngs, a plain flqnare-edged board and 
any !-tlOllg paper is sufficient. 'fhc pa.per can be secured 
to the bOa! c1 by small flat-headed drmoing-pins made 
for the pUl pose. 

Plain dlawing-boards are frequently matle with 
clamps firmly glued and screwed to the ends, or bat
tens made equally secure to the baclf 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 atmosphete, with a force that 
no clamps can restrain; the boards will, consequently, 
warp or split under such circumstances. A bet.ter 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 expansions to take place freely, and at 
the same time retain the board straight and sound. A 
dlawing-board, large enough for imperial paper, made 
of soft pine, half an ineh 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 whelllt 
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 fl'om 
the board, and, as a natural consequence, the color will 
flow toward the lowest parts, and plevent your obtain
ing an even tint. Drawing-bo:u ds for this purpose 
should consist of a rebated frame wIth a thm panel, 
with buttons or bars on the back to press the panel 
tightly against the frame. 'Vhatman's rough-surface 
drawing-papers are best for this purpose; the sizes are 
as follows: 

Cap, 17 x 14 in. Elephant, 28 x 23 in. 
Demy, 18 x 15, Imperial, 30 x 22, 
Medium, 22 x 17, Colum bier, 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 make~'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" 
he about one-and-a-half inches larger than the panel 
in each direction: it should then be placed on the 
I)anel, projecting equally all round, its edges pressed 
oown into the rebate, and the panel secured firmly in 
the fi'arne, which clamps the paper and prevents its 
contraction when drying, so that the sheet remains per
'1nanently stretclled, and will remain smooth and even 
while the color is applied. When paper is stretched 
on a plain boa) d, 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 requiE,ites 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 \\ ith angles of 30 and 60 degreE's, 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 camel's 
hair pencils for applying the ink to the drawing-pens. 

The construction and use of the scales and parallel 
l'uler have already been explained in the early part of 
the Drawing-Book; the other instruments in a ca~e, 
r('quire hut little explanation, their uses being almo~t 
seIt:evident to any intelligent student. PenCIls should 
be of good quality, ~ufficiently hard to retain a good 
point, but not so hard as to cut the paper-and it is a 
very important 1'equisite in a pencil that its marks may 
be easily erased. It is almost impossible to point a 
pencil pro perl y with a d nIl knife, you should therefore 
keep a keen oue,-it will save your time, pencils, and 
temper. 

Common writing-ink should never be used in the 
drawing-pens: it would soon 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 (If 
allY required shade; a slight addition of carmine will 
cause the ink to flow more freely. 'fhe pen should be 
set to the requisite clegree in fineness, and need not be 
altered to add a fresh supply of ink: this should be 
applied to tIle side of the pE'n 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 on' he fore 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 pap(ll', or the 
lines will be irregular. "\Vith the T square apphed 
to the edges of the board, all lmes parallel to any of 
its sides may be drawn correctly. Parallel inclIned 
lines may be drawn by a square having one of its 
Aides movable, and clamped by a screw to the re
quired angle, or with the parallel ruler, or by moving 
a tt iangle 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 Ahade, and 
the surplus pencil-marks removed with the rubber, or 
with a crumb of bread, which will am;wer the same 
purpose; the drawing is then ready for coloring . 

APPLIOATION OF OOLORS. 

The student who has carefully read the first part of 
this essay, will readiy suppose that, with three good 
pigments representing the thl'ee primary colorA, 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 ~o, as, unfortunately, 
colored pigments are not always homogeneons in their 
composition, and often act chemically upon each other, 
so as to change, or perhaps neutralIze, the original hues. 
T1Ie know}{·dge of the chemical properties of color... 
reqUlres more study and attention than is necessat y tor 
the mechamcal draftsman to devote to it, as the colol'

1-1



158 THEORY OF COLOR. 

man has prepared numerous pigments, of different hues, 
to m~et his wants. These pigments are commonly call
ed colo}'.~, and, in this pIactical hranch of our suhject, 
we shall follow the common pI actice and use the tel'ms 
synonymously. 

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 
fo!oft and agreeable tone than could be produced by 
a single color: this operation is teehnically 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 
Vel y 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: 

YELLOWS. Gamboge, 
Roman Ochre or YeHow Ochre, 
Indian YeHow. 

REDS. Ca.rmine or Crimson Lake, 
Vermilion, 
Indian Red. 

BLUES. Cobalt or Ultra-marine, 
Prussian Blue, 
Indigo. 

BROWNS. Sepia, 
Vandyke Brown or Burnt Umber, 
Raw Sienna. 

Imlia-ink may be used for the shades or a Elemi. 
neutral tint, compounded of indigo and IndIan red. 
This tint may be found in cakes under the name of 
nentl al tint. 

'l'he ~nrface of the paper sllOuld represent the ligllts 
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in water-color drawings, or, where very smaH lights 
are required, they may be scrat<'hed 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 Roon enable the student to 
combine tl1em sati~factori1y. He will find that many 
of the combinations he producE's will result in a fonl, 
cloudy mixture; these he should note particularly, and 
aVOId in future; and those which result satisfactorily 
should be still more carefully r(lmembered for future 
use. As a general rule, which should be well fixed in 
the memory, the jeloer the pi,qments used in a com
position, the more clear and sati.ifactory 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 
always a 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 as to show the materials 
and construction; so that this information may be 
obtained by the mere inspection of the drawings, with
ont the trouble of hunting it up in the specifications, 
\\ hich al (l seldom available at the place of construf'tion, 
heing gent.'1 ally filed away in the office for pal ticular 
1't'fi.·rl'llce. In ~ha(hll~ t-llch dla\\ iugs, the bhadows 
should alway" bp pl'Ojected at an angle of 45 deglecs, 
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as explained at page 136, where shadows are especially 
treated of: 

In elevations, it is not 1'0 important that the 
mate} ials should be so palpably de::,ignatC'd; but even 
hele it Rhould not be altogether neglected, mOle par
ticularly when the material~ 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 reqnigite is generally lost 
flight of, and often, in architectural views, the coloring 
aud shading are more in accordance with the practice 
of the landscape painter, than with that of the mechani
cal draughtsman. 

'fhe 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 excellent 
article on this subject has been puhlished in the" Pmc
tical Draught~man," from which we make the follow
ing extraC'ts, and would recommend their careful pe
rnsal, a~, with few additions, they cover the whole 
grollnd. The colors designated are termed "C01wen
tirmal colors, that iR, certain colors are generally un
derstood to indicate particular materials." India-ink, 
in these extracts, iR called China-ink: either name may 
be applied to this pigment. 

" Stone.-This material is represented by a light, dun 
yellow, 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 ale to be used in 
a construction, other hues are necessary to denote 
them. 

Granite may be indicated by Prussian blue, with a 
little IIHha-mk added. 

Red sandstONe, by Indian red. 
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White or other ligltt=colorecl marbles, by a light tInt 
of yellow ochre or raw sienna. 

Rubble-stone 1.oalls, by Prussian blue with Indian red. 
'rhese should be further designated in sections, by a few 
irregular lines of a different tmt or hue, laid in with 
the hair-pencil after the fiI st tint is dry, to represent 
the joints and indicate the construction. 

" 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 ligllt 
rea, may also be u~ed when gl eat purity and bright
I1e~s _of tint is not wanted If it is desired to distin
guish firebrick from the ordinary kind, since the former 
h; 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.-rrhe color by which these 
metals are expressed is obtained from purp Prussian
blue laid on light: being lighter and perhaps brighter 
for steel than for wrought-iron. 

" Oast-lioon.-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, al'e 
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. 

" Oopper.-For thIS metal, pm e carmine or crimc.;on 
lake is ploper. A more exact imitatIOn of the reahty 
may be obtained by the mixture with either of these 
colors of a lIttle China-ink or burnt sienna-the car
mine or lake, of course, considerably predominating. 



~l,..l ---------------- ----------------1 
\J~ THEOU,Y O~' COLOn. 

"Brass or Bronze.-'rhe~e are expl essed 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 mixtme should be made of gamboge with a 
lIttle vermilion-care being taken to keep it constantly 
agitated, as before recommended. :l\lany draughtsmell 
use simple gamboge 01' other yellow. 

"Wood.-It wIll be observable ii'om preceding ex
amples, that the tints ha ve been chosen with reference 
to th(> actual colors of the mateI"ials which they are in
tended to express. Carrying out tbe same principle, 
we should have a very wide range in the case of wood. 
'fhe color generally u')ed, however, is burnt 11mb~r or 
raw sienna; but the depth or strength with which it is 
laId on, may be considerably varied. It is usual to 
apply a light tint fil st, subsequently showing the grain
ing with a darker tint, or pel haps with burnt sienna. 
These points are susceptible of great variation, and 
very muc·h 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-perella hy dark sepia, whIlst 
vulcanized India-rubber requires the addition of a 
little indigo to that color. 

".Jlfanipulation of the colors. - The cake of color 
should never be dipped in the water, as this causes the 
edges to crack and Clumble off, wasting considerable 
qualltities. Instead of this, a few drops of water should 
ue fil:::.t put in the saucer or on the plate, and th(lll the 
1equil ed qn:mtity of color rubbed down, the eake be
llIg w(:tted a~ little a~ is ahsolutely llecel'~aJ'y. The 
8tIcllgth or depth of the color IS oLtamed by propoJ'
tIOning the quantity of water, the whole being well 
nllxl~d, to make the tlllt and shade equahle throughout. 
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\Vhen large surfaces have to be covered by one tint, 
which it is desired to make a perfectly even, fLlt tint, it 
is well to produce the required strength by a repeti
tion of very light washes. These washes corr(>ct each 
other's defects, and altogether produce a soft and pleas
ing effect. This method should generJ.lly be employed 
by the beginner, as he will thereby more rapidly obtain 
the art of producing equable flat tints. ~'he 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 tho color well, its whole snr
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 artist., to point 
the bru"h, and take off any superfluous color, by pass
ing it between their lips. This is a very bad and disa
greeable habit, and shonld 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 produee a fine, even snrface, for the least quan
tityof 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 place of this uncleanly method, 
the artist should have a piece of blotting-paper at his 
Ride-the more absorbent the better. By passing the 
brush over this, any superfluous color may be taken off, 
and as tine a point obtaineQ as by any other means. 
-.i.'ne 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 alm,ost entirely 
freed from the color, otherwise the tint will be left 
darker at that part. Care should be taken to ke~p 
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 distinct mark at the junc
tion of the two portions. Fmally, to produce a regu
lar and even appearance, the brush should not be over
charged, and the color 8hould be laid on as thin as 
possible; for the time employed in more frequently 
l'eplenishing the brush, because of its becoming sooner 
exhausted, 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 th~ same tenor, previously 
given for laying in shades and shadows, at page 116, 
the student will find but little difficulty in coloring 
his drawings cr~ditably; but he will reqUIre practice, 
that he may gain experience in the manipulation of 
hues and tints, and freedom in the Ube 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 requis1te fi'eedom 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 drawmg the case is very 
dIfferent, the fear of spoiling it wIll often induce hesi
tation and awkwardnesg, 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 bO dark as required 
for the finished drawing, as they can be worked up to 
bE'tter ad vantage by deepening them with the local 
hues. Sometimes drawings are shaded with diffelent 
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 shadll1g perspective views of exteriors, the stu
dent must remember that all his shades and hues mnst 
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 pictnre, unless 
such room is lighted by side-windows or by other light 
than that obtained flOm 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 industJ·Y. 

Every obstacle pncountercd 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. 

•• t 

QUALITY OF MATERIALS. 

The draughtsman who values his time, wIll always 
find it the more economical plap 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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cuiJt., 89 
" cIrcle, 94 

Isometrical circle-To dIvide the 95 
Isosceles trIangle. 14 
Joint.· of an arch defined, 74 

.. To draw the JOInts of arches, 75 to 80 
Keystone of an arch, 73 
Lancet .Jlrch-To descnbe the 78 
Light-Objects to be seen must reflect lIght, 96 

" becomes weaker m a duplIcate ratio, &c., 96 
" Three degrees of • 98-136 

Lines-Description of 11 
L-me-To dIVIde a rIght 35 

" To find the length of a curved 33 
" Workmen's method of domg so, 34 

Liue of centres (of wheels,) 87 
" PItch lIne defined, 88 
" To draw the pItch line of a pinion to con tam a 

defillite number of teeth, ~.8" 
" Ground or base hne, 103 
" Vamshmg point of a hne, • 108 
" of elevatIon In perspectIve, 115 

Linear perspectIve defined, • • 102 
Lislel, band or fillet, • 81 
Lozenge defined, 15 
Major and minor axes or dIameters, 59-60 
.iUeasures-CublC, • 51 

" Lmeal and superficial, 51 
" of the suriace ofa cube, 53 

.Middle ray or central VIsual ray, 105 
",lfinutes, 18 
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.Mltre-To find the cut of a 26 
Moresco or Saracemc arch, 76 
Mauldtngs-Roman 81 

" GreCIan &1 
Obelisk defined, 55 
Oblique pyramid, 54 

cone, 56-61 
" cylmder, • 59 

Oblong defined, 15 
Octagonal plan and elevation, • 80 
Octahedron, 57 
Ogee Jl:rch or arch of contrary flexure, • 76 
Ogee or cym~ reversa-Roman 83 

" " II GreCian 86 
Optical Illusion, 91 
Ordinate of an ellipsis, 60 
Ovals composed of arcs of circles, • 47-48 
Ovolo-Roman 82 

" or Echmus-Grecian 84 
Parallelogram defined, • 15 
Parallel hnes, 12 

II ruler, 34 
" Application of the parallel ruler, 35 

l 

Parallelopipedon, 54 
Parabolar-To find points III the curve of the 45 

" the sectIOn of a cone, 62 
" To descrIbe a parabola from the cone, 63 
" To describe a parabola by tangents, &.c. 67 
" To descrIbe a parahola by contmued motion, 68 
" applIed to Gotluc arches, 69 
" DefinitIOns of the parabola, 69 

Parameter defined, 69 
Pentagon reduced to a triangle, 36 

" To construct a pentagon on a given lme, 30 
Perimeter the boundary of polygons, 14 
Periphery the boundary of a Circle, 17 
Perpendicular hnes defined, • • • 12 

" To bIsect a hne by a perpendicular, 20 
" To erect a perpendicular, • 20-21-23 
" To let fall a perpendicular, • 22 

Per6pective-Essay on perspective, 96 
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Perspective-Lmear and aenel perspective, 102 
" plane, or plane of the pIcture, 103 
" "must be perpendIcular to the mlddle 

vIsual ray, 105 
" plan of a square, 109-110 
" " of a room with pilasters, III 
" " To shorten the depth of a perspecuye plan, 112 
" Tesselated pavements In perspectlve, : • 112 
" Double square In perspective, 114 
" CIrcle In perspecUve, • 114 
" Lme of elevatIOn, • 115 
" PIllars with projecting caps III perspective, 116 
" PyramIds In perspective, 117 
" Arches seen m front, 118 
" "op. a vamshmg plane, 121 
" ApphcatIOn of the cIrcle, • 123 
" To find the perspecUve plane, &c. 125 
" view of a cube seen accIdentally, • 127 
" VIew of a cottage seen aCl'ldentaUy, 129 
" VIew of a street, 132 

Pillar, m perspectI ve, • 116 
Pitch of a wheel, 88 

H circle of a wheel, 87 
" hne of a wheel, 88 

Plane superficies, 13 
Planes-Vamshmg 106 

" Parallel planes vaDlsh to 8 common point, 108 
" parallel to the plane of the pIcture, 108 
" To find the perspecuve plane, 125 

Plat band or straight arch, 74 
Platonic ligures, 58 
Paint of IntersectIOn, 19 

" of contact, 19 
If Secant pomt, 19 
It of sight, 104 
It of VIew or station point, • 104 
" Vanish109 polOts, 105 
" PrmCIpal vamslung point, 105 
" of distance, • 104 

Pointed arches In perspective, • 119 
Pola of the sphere, • 57 
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Pt"oportional diameter of 8 wheE'h 87 
U circle or pitch line, 88 

Polygom described, ]4 
" Table of pol} ~ons, 27 
" Regular and ltre'gulat' polygons, 28 

Polyhedrons, 52-57 
Projectin~ caps in perspective, • 117 
Protractor-ConstructIOn of the protmct<>r, 42 

" Apphcatlon of the protractor) 42 
Ptisrm, 54 
Pyramid, !14 

" In perspective, 117 
Quadrant of a cIrcle, 18 
Quadrangle defined, 15 
Quadrilateral defined, • 15 
Radttts-Radll, 17 
Rampant arch, • 74 
Rays of hght reflected in straight hnes, 98 

" converged In the crystallme lens, 99 
Rectangle defined, • 15 
Reduce-To reduce a trapezIUm to a trlangle, • 35 

" To reduce a pentagon to a triangle, 36 
Reflection of light, 96 

" The angle of reflectIOn equal to the angle of 
mCldence, 97 

Reflected lIght enables us to see objects not Illuminated by 
direct rays, 98 

Regular triangles, • 14 
" polyhedrons, 52-57 

Refraction of light, 96 
Retina of the eye, 99 
Rhomb-RllOmbm, 15 
Rhomboid, ]5 
Right angled tnangle, 14 
Right lme defined, 11 

" pyramId, 54 
" c;ylmder•• 55 
" cone, 56-61 

Ri$e or vef"ed sine of an arch, • 73 
Romnn ffiQuldmgs, 81 
Rule of 3, 4 and 5, • 23-24 
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Saracenic or Moresco arch, 
Scale of chords, 
Scales of equal parts, 

SImple anel dIagonal scales, 
" ProportIOnal scale In perspective, 

Scalene tnangle, 
Scheme or segment arch, 
Scotia descnbed-Roman, • 

" Grecian, 
Secant-Secant pomt, or pomt of mtersectIOn, 
Seconds, 
Sector of a Circle, 
Sections of the cylmder, 

.& of the cone, 
If of the eye, 

Seryentme line, 
Segment of a CIrcle, 

.& To find the centre for describing a segment, 

PAGI:. 

76 
36 
38 

39--40-41 
116 

14 
75 
82 
87 
19 
18 
18 
58 

61 to 67 
99 
12 
17 
32 

" To find a fight hne equal to a segment of a circle 33 
U To descnbe a spgment wIth a trIangle, 
U To desCrIbe a segment by intersectIons, 
U of a sphere, 

u or scheme arch, 


SennciJ'cle, 
SenHcircular arch, . 

" ,& m perspective, 
Shade and shadow, 
Shadow always darker than the object, 
Shadows-Essay on shadows, 
Slzadmg of CIrcular objects, 
Sl.adow-Llghtest and darkest parts of a • 
Sight-Mpthod of sIght, 

" Pomt of ::'Ight, 
Simple and complex arches, 
Sl1Ill, 
.';/few-back of an arch, • 

SrdJit or mtrados of an arch, 

Span of an arch, 

Splze,.e-DefiDltlOns of the sphere, 


U To draw the covermg of a sphere, 
Springing lme of an arch•. 

44 
46 
57 
75 
17 
76 

119 
98--..136 

.98-108 
• 13G 

137 
• 143 

. 96-99 
104 
74 
19 
75 
73 
73 
56 
57 
73 
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PAGE 

Square, • 15 
Square corner in a semIcircle, 21 

" "by scale of eq ual parts, 23 
" of a number, 23 
" of the hypothenuse, 23 

Station pomt or pomt of VIew, • 104 
Stmight or rIght lme, • 11 

" arch or plat band, • 74 
Street m perspectIve, 132 
Subteme or chord, • 18 
Summtt of an angle, 12 

" of a pyramId, 54 
., of a cone, 56-61 

Superficies or surface, 13 
Supplement of an angle or arc, • 19 
Table of the names of polygons, Z7 

" " the angles of polygons, • Plate ]0 
Talon or Ogee-Roman, • 83 

" " Grecian, 86 
Tangent defined, 19 
Teeth ofwheels-To draw the teeth of wheels, 87 

" " PItch of the " 88 
" Depth of the " 88 

Tesselated pavements m perspective, • 112 
Tetragon defined, 15 
Tetrahedron one of the regular sohds, 57 
Toru8 descubed, 82 
Trapezium defined, 15 

" reduced to a trla~gie, 35 
Trapezoid defined, • 15 
Transverse axis or diameter, • 59-60 
Trigona or triangles, 14 
Trisect-To trisect a right angle, 26 
Truncated pyramid, 54 

cone, 62 
Tudor or four centered arch, 79 
Vanishing points, 105 

" Principal vanishing point, 105 
" planes, 106 

VeratJ SlOe of an arc, 19 
" "or nse of an arch, 73 
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Vertex of a tnangle, 14 
of a pyramId, - 54 
ot a cone, 60 
of a dIameter of the eHIpsls, 60 

" Principal vertex of a parabola, 69 
., . of a rlmmeter of the parabola, 6<) 

Ve1,tical 0'1' plumb lme, 12 
" covE-rings of domes, 70 

Vi.~lal angle, 100 
rays, 105 

V01H'IOWS of an arch, • / 73 
JVheel and plmon-To proportIon the teeth of a 88 
TVheel newed In perspecUve, 101 

I~nEX TO THE ESSAY ON COLOR, ETC. 

Applwation of colors to Geometrical Drawings, 157 
Omventional colors to denote the constIuctlOn, tOO 
(Jolol'8, hRt of, for al cbitectural and mechanical drawings, 158 
DefillitlOTM of terms, recapitulated, 152 
Defatl drawmgs, bow to make and tint them, 154 
DrawllIg boal ds, the best way to make them, 154, 155 
DJawllIg instruments, and requi!:,ites for geometrical draw. 

ill~ 100 
Drau;;ng paper, regular sizes of, 155 
GeometrlCal dl'a\vings descllbed, 153 
Ink, COll!-mon writmg-ink should not be used for drawing 

pm poses, 156 
ink, India or Chma ink, 156 
..lltt1n/Hlultion of the colors, 162 
JfaierUlls should be of the b{'st quality, 165 
Natu1l,l scalc of colors, 150 
OOflcdyand hanspalencv not absolute terms, 151 
Pel'spectu~~iews, the coloring of, 160, 165 
Pencils, tbe qualIties lequiIed ill a good drawing, • 156 
PM/monts often act chemICally upon each other, 157 
Plana and sections should be colored to show the matClials, 159 
Sltadzng detail drawings by ruling parallel lInes, 154 
S~fldowa on plans, sections, etc" to be at an angle of 45°, 159 
T,ieory of ('olor, . 145 
lJ7nf,jJ'hg!tt niny !}O ll''lolved into the threp primary colors, 148 



REVIEWS. 

I!'rom the London Art Journal • 

.. A TEXT-BoOK OF GEOMETRICAL DRAWING for the use of l'tlechanlcs and 
Schools, by Wm Mmifie, ArchItect, etc -Every attempt to simplIfy and 
render comparatively ea!'y the abstrn!<e hard study of geometrical hiles and 
proportIOn!'. must be halled '''Ith uDaffected !latI!'factIOD by all who find It 
nece..sary to apply them!'elves to It Perhaps the dIfficultIes attendlDg the 
acqUisItIOn of thIS SCIence have proyed the reason" hy so many shnnk 
from pursUIng the !ltudy, notwlthstandmg the inconvenience aw'mg [rom 
it!' neglect The grand objection to mo!'t of the books on geometry WhICh 
hdve passed under our notIce, IS, that they are too theoretIcal not practIcal 
enough for practical men, such as arti!'aos who desue to oMam !'o much 
knowledge of the !'clence as may the bettprenable them to fulfill theudutles 
Without al'pmng to the dlgmty of learned mathematIcian!'. The AmerIcan 
publicatIOn here brought under our notice lIeems just the kmd of book to 
put mto tbe bands of tbe clnsses here referred to, tbough Its utIlIty must 
not be thu!' lImIted Tbe Author bat" beeu long engaged 1D Baltimore as a 
teacher of Arcbttectural and Mechanical Drawmg The work he has put 
forth exlubltl' the I'Yl'tem adopted 10 hll' practIce. whlcb Il' as simple (U the 
~ctence WIll permit, to make ,t really comprehen81ve and useful It abounds 
In drawlllg1l of geometrical figure!', plans, !'ectlOn!!, elevatlOnl', etc, to a 
large extent, and referrmg' to bluldm!\"s and machmery, contains an mtroduc
tlOn to Isometrical drawmg, and an el't'ay on hnear perspective and !lhadow!I, 
It IS, tn shott. a text-boo!" Of no Itttle taluefor self-,nstruction to meet the 
want!! of a large cla!'l' of Jean:el"" \\ ho, ha, mg made theml'clve .. thoroughly 
acquainted \\lth It:! contentt', wlll have mat-tered the alphabet of drawmg " 

Frotn the London Builder 

.. A TEXT-BOOK OF GEO'VETRICAL DRAWING, etc, ctc,-We have thu!!' 
fully gil'en the title of thIS volume, not only to I!<how I1t once it!!' objects 
and pnrpol'el', but that we may be able ab:o at once and comprehenSIvely 
to Fay that It appcar:! to U'l to bear out all Itt! profe!!!:<lon!!' It is really a 
capttal work, and Jmltcton~ly comprl!!c!I the greater part of what a learner 
necd.. , though pre\lOu8Jy cntudy unacqnamted eIther WIth Geometry or 
Drawm~ 

.. 'rhc book is dc!:<ervedly hIghly esteemed lD Amenca, It is eVldently the 
work of one who understands hIli subject." 

llrom the London Artllan 

.. The definitions and rnles of geometry are explained, as well as the olle!!' 
of tbe variout! imtmmentto This portIOU, which may be called the element



ary, 18 succeedl.d by examples of the applicatIOn of the rules to Archltect
nre, Carpentry, and MachInery. The text has a practical tone about it 
wInch we admIre, whll::lt the Illu!!tratIons, which are numerous, are on 
steel, and p.lrticulally well executed In paper and typography it is equal 
to any work of the same clas!> pubhshed m thIS country .. 

From the Glasgow PractzealMechamc's Journal • 

.. A TEXT-BoOK OF MECHANICAL DRAWING, ete., etc -Here is a tempting 
bIll of fare for the young student, and we can answer for It that the courses 
actually E'erved up are fully equal to the author's character of them• 

.. It IS a pJea!'ant task to the reviewer to gIve praltle to a good book; and 
in gIVing an OpInIOn of ~Ir MinIfie's productIon, we may do so by saymg to 
tho~f' prachcal men who desHe to gam 'lome 1ll!!Ight In the rules of geomet
rIcal dra\\ mg, that they may do so here, WIthout wadmg through a mass 0 

theorel1('al profundIty, ~uch al' utluallyencumberl' them on the threshold 
of a majorIty of \\ ork"! of thl!' nature. ' 

• Whatever IS !'atd is rendered perfectly intelligIble by remarkably well
execnted dla,!!'rams on l'teel, the number of whIch-56 plates-leaves noth
mg for mere ,ague I'UPPo'<ttIOn, and the addition of an mtroduction to 
IsometrIcal drawmg, hnear perspectIve, and the prOjectIOn of shadowt!l, 
wmdmg up With a ul'eflllmdex to techmcal term1', forms a volume WhICh IS 
perhaps unequalled by anv Brittsh wark of a sttrnlar character." 

From tlM Philatldphia PulJlia Ledget' • 

.. This WIll be found a most excellent text-book, by an accomplit!lbed 
tcacher of Architectural and Mechamcal DrawlDg The problems are aU 
selected with a vIew to their practical application m the every-day busmess 
of the Engmeer, ArchItect, and Artisan" 

From Ik American RaUroad Journal • 

.. MlNIl"U!l'!\. TEXT-BOOK Ol" MECHANICAL DRAWING -We are happy to 
call the att~ntion of our readers to thl~ work. It 18 recommended by artIsts 
and gentlemen who are best qualIfied among ue to jndge correctly of Its 
merits, lUI bemg the moat thoroU{Jh and complete work Of the brut ever pub
ItNied in, thi8 C()Untry, and as lDdll'pensable to those whose businel's reqmrl!e 
a knowledge of the pnnclples of Geometrical Dlawmg or Sketchmg, and as 
a tlUltable gUIde and companion to amateurs in this delightful nrt. It has 
receIved umversal commendatIOn fr.om the press, and we beheve it fully 
merits all that has been &aId In Its praIse." 

F'rom tlM Nelo York ScUnt7Jlc American 

.. It is thl' best work on DrawlDg that we have ever seen, and is especl811y 
a text-book of GeometrIcal DrawIDg for the nile of lIechamcs and Schooll! 
No young MechaIlic, lIuch as a MACHINIST, ENGINE"'n, CABINET-MAKER, 
:MILLWRIGHT, or CARPENTER, should be WIthout it It is illustrated WIt\) 
fifty-tllx Meel Plates, and COlltaID8 morc than two hundred DIagram!'! The 
author, Mr Mmlfi(', shows that he ito ma!:'ter of hit' l!ubJect in all Its varinu! 
branches. whIch he hal! Jllul:ltratf'd with Plans, Sections, ElevatIonl!, Per 
spectlve and Lmear VIews of BUlldmga and Machmery. SUCH BOOKS
ARE BoOKS" 



1>. VAN NOSTnAl't'"D'S PUBLICATIOlU. 

1}3BOT (H. L.) Siege Arti11ery in the Campaign against 
RIchmond, with Notes on the Is-inch Gun, inc1udinc 
an A Igebraic Analysis of the Trajectory of a Shot in its 
ricochet upon smooth water. Illustrated with detailed 
drawings of the U S. and Confederate rifled proJectiles. 
By Henry L. Abbot, l\faj. of Engmeers, and Bvt. Maj.
General U. S. Vols., commandmg Siege Artillery, 
Armies before Richmond. Paper No. I~ Professional 
Papers, Corps of Engineers. I vol. 8vo, cloth .•••••• $3. sa 

ALEXANDER (]. H.) Unh<ersal Dictionary of Weights 
~nd l\Ieasures, Ancient and Modem, reduced to the 
standards of the United States of America. By J. H. 
Alexander. New edition, enlarged. I vol. 8vo, cloth. 3. So 

BENET (S. V.) Electro-Ballistic Machines, and the Schultz 
Chronoscope. By Brevet Lieut.-Colonel S. V. Benet. 
I vol. 4to, illustrated, doth •••••••.••••••••••••• ....00 

BROOKLYN WATER WORKS. Containing a Descrip
tive Account of the Construction of the 'Vorks, and 
also Reports on the Brooklyn, Hartford, Belleville, and 
Cambridge Pumping Engines With illustrations. I 

vol. folio, cloth.... • • • • • • • • • • • • • • • • • • • • • • • • • •• 15.00 

BURGH (N. P.) Modem Marine Engineering, applied to 
Paddle and Screw Propulsion. Consisting of 36 colored 
plates, 2 59 Practic~l ,Voodcut Illustrations, and 403 
pages of Descriptive l\Iatter, the whole being an ex
position of the present practice of the follOWIng firms: 
l\Iessrs. J. Penn & Sons; Messrs. Maudslay, Sons & 
Field; l\Iessrs. James Watt & Co.; Messrs. J. & G. 
Rennie; Messrs. R. Napier & Hons; Messrs. J. & W. 
Dudgeon; Messrs. Ravenhlll & Hodgson; Messrs. 
Humphreys & Tenant; Mr. J. T. Spencer, and l\fessrs. 
Forrester & Co. By N. P. Burgh, Engineer. In 1 thick 
,-oL 4to, cloth ••••.••••••••••••••••• • • • • • • • • •• 25.00 

Do. do. . halI morocco. •••••••••••••••••••• 30.00 



CA1tPIlf on the Construction of Iron Roofs. By Francis 
Campin. 8vo. with plates, cloth ••••••••••••••••• 13.00 

CRAUVENET (Prof. Wm.) New Method of Correcting 
Lunar,DIStances, and Improved Method of Finding the 
Error arid Rate of a Chronometer, by equal altitudes. 
By W m. Chauvenet, LL. D. I vol. 8vo, cloth ••••• 2.00 

COLBURN. The Gas Works of London. By Zerah Col-
burn, C. E. 1 "01. IZmo, boards. • •• • • • • • • • • . • • • is 

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. I vol square 32mo, limp cloth ••••• • • • • • • • • • • SO 

COFFIN. Navigation and NautIcal Astronomy; pre
pared for the use of the U. S Naval Academy. By 
Prof. J. H. C. Coffin. 4th edition enlarged. UlnO, 

cloth. . • . . • • • . . • • . • • . • • • • • • . . . . . . . • . . • . • . . . • 3.50 
FRENCH'S ETHICS. Practical 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. I vol. 8vo, cloth.... • • • . • • • • 4.50 

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 l\'lIhtary 
Academy, West Point. I vol I2mo, cloth... . • • . . 2. SO 

fRANCIS. Lowell Hydraulic Experiments, being a sell:\.'
tion from Experiments on Hydraulic Motors, on the 
Flow of 'Vater over Wiers, in Open Canals of Uniform 
Rectangular Section, and through submerged Orifices 
and dhoerging Tubes. l\Iade 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. I vol. 4to, 
cloth • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 15.oe 
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». YAM KOBTRAND'S PUBLIOATIONS. 

FRANCIS. On the Strength of Cast-Iron PilJars,with Tables 
for the use of Engineers, 'Architects, and Builders. By 
James B. Francis, Civil Engineer. I vol. 8vo, cloth.. $2.00 

CIA eClentlflc treatISe of inestimable vnlue to those for whnm it is Intended "-BOII.49I 

Da,'y Advertver. 

GILLMORE (Gen. ~A.) Treatise on I.Jimes, Hydraulic 
Cements, and Mortars. Papers on Practical Engmeer
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. S. A., Major, 
Corps U. S. Engineers. With numerous i1lustrations. 

vol. 8vo, cloth. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .... OCr 

GOUGE. New System of Ventilation, which has been 
thoroughly tested under the patronage of many dIS
tmgUIshed persons. By Henry A. Gouge. Thud 
edItion, enlarged. WIth many illustratIons. Bvo, 
cloth. •••• ••• • • ••• .• • • •••• •• •••• • • • • •• • • •••• 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. 12mo, cloth. • • • • • • • • • • • • • • • • • • • • • • 2. SO 

HENRICI (Ola05). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. 
By Olaus Henrici. With folding plates and diagrams. 

I vol. 8vo, cloth. • • • •• • • • • • • • • • • • • • • • • • • • • • • • • 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, 
1 vol. 8vo, cloth. . • • • • • • • • • • • . • • • • • • • . • • • • • • •• 2.00 

"This is a valuable treatise on the princlplea anll practice of embanking lands rrom 
rtnr floods, as apphed to Levees of the MiSSissipPI, by a highly intelligent and eIperJ.. 
encad engmeer. The author says It IS a Grst attempt to reduce to order and to rule 'b. 
dtlli&D, execution, anti measurement of th') Levees of tbe lhs!II8SIPpi IL ill a mOd ... 
ad uedod coat.rlbllUon ~ -.:ientillc Utera'ure."-P"'~ ~ JotWIICII. 

i> 



Do ~~ NOSTRA.ND"" PUBLIOA.TIONL 

BOLLEY (A. L) Railway Practice. American Clnd Euro
pean Railway Practice, in the economical Generation of 
Steam, includmg the Matenals and Consttuction of Coal
burmng Boilers, CombustIOn, the Vartable Ulast, 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, includIng Road-bed, Sleepers, Rails, 
Joint-fastenings, Street Ralhvays, &c., &c. By Alex
ander L. HoUey) B. P. With 77 lithographed plates. 
1 voJ. foJio, cloth ...............................' t.oa 

• • • "All tbese subjects are treated by tbn author In both an Intelligent and mtel 
Ilgtble blanner. 'rhe facts and Ideas are well arranged., and presented ill a clear aDd sl.· 
pie style, accompanied by beautIful engraVIngs, and we pres Ime the work will be re
garded as IndlSpensablo by all who are Interested in a knowledge of the construct.1on 01 
ratlroatls and roUmg st.ock, -or the worklDg oC locomotlves."-8camtlftc Atlv.r&Can. 

RUNT (n. 1\1.) Designs for the Gateways of the Southern 
Enttances to the Central Park. By Richard 1\1. Hunt. 
'Vith a description of the designs. I vol. fto, illus
trated, cloth •••••••• • • • • • • • • . • • • • • • • • • • • • • • • • 5 OCt 

XING (W. H.) Lessons and Practical Notes on Steam, 
the Steam Engine, Propel1ers, &c., &c., for Young l\la
rine Engineers, Students, and o~hers. By the late W. 
H. King, U. S. Navy. Revised by Chief Engineer J. 
W. King, U. S. N;tvy. Twelfth edition, enlarged. 8vo, 
cloth .•.•.•......... 2 • w
4 • • • • • • • • • • • • • • • • • • • • • • • 

THE KANSAS CITY :BRIDGE, with an account of the 
Regimen of the MIssouri River, and a dcscnptlOn of 
Methods used for foundmg in that RIver. By O. 
Chanute, ChIef Engmeer, and George MorrIson, 
Asslstant Engineer. Illustrated WIth five lIthographIc 
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, 
paper. . . • . • . • . • .• ......••..••.•••.•••.••••• I,
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• • • • • • • • • • • • • • 

D. VAB NOSTIU."n'S PUDI.ICATIOl(lI. 

PIERCE (Prof. Benj) System of Analytical Mechanics. 
Physical and Celestial 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, P')tential Physics, and Analytic Morphology. 
1 vol. 4to, cloth .•••.•••••••.•••••••.••••••••• $1 0 0 00 

Cit bave re-exammed the memoirs of tbe great geometers, and have striven to ,,:unsoll_ 
date tbelr J'ltest researcb,..s and their most. exa!t3tt forms of thol ~ht Into a. consistent an. 
uDiform t~eaUge If I have bereby succeeded In openmg to tbe students of my count:') • 
re.lJ.ler access to t.hese chOice Jewels 01 mtellect, Ir LhOlf bnUt.\ncy IS not Impl\lrcd In thl' 
aUempt to reR!'t them, If, In their owu l.On~tellatlOn, they Illustrate each oth!'r, anll con
centraLe a stronger 11ght. upon tbe names of th~lr Ihscovcrers, and, stlll more, It &lIY !rPID 

wblcb I m..LY have prcsum('d to add IS DOt wholly lustrcless 1D the co lechon,-i 1111&11 feel 
Ula1. my worlr.. bas not. been In VdID."-Extract/rom 1M Pre/ace. 

PLYMPTON. The Blow-l>ipe; 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 l\Ietallic Combinations. Second edi
tion, WIth an appendIX and a COpIOUS index. By Geo. 
'Vo Plympton, of the Polytechmc Institute, Brooklyn. 

"01. 12mo, cloth .••••.• 0 •• o. . • • • . • •• 2.00•• 0 ••• 00 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. In
c1udmg a chapter on Laying off on the Mould-Loft 
Floor. By Samuel M. Pook, Naval Constructor. 
vol 8vo, with illuslrations, cloth .• 0 5.00 

RANDALL'S QUARTZ OPERATOR'S HAND-BUOK. By 
P 1\1 Randall. Kew edItIOn, revised and enlarged. 
Fully Illustrated I ZillO, cloth. - . . • • . • • • . • • • . • • • 2 00 

ROGERS (H. D )' Geology of Pennsylvama. A complete 
SCIcntIfic TreatISe on the Coal Formations. By Henry 
D. Rogers, Gcologist. 3 vols. 4to, plates and maps. 
Boards. • • • . • • • . • • • . • • • . • • • . • • • . • • • • • • • • • • • •• 30.00 
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J). ~AN NOSTRAND'8 PUBLIO.lTIONIIo 

SUBMARINE BLASTING IN BOSTON HARBOR, 
MASSACHUSETTS. Removal of Tower and Cor
win Rocks. By John G. Foster, Lieutenant-Colonel 
of Engmeers, anJ Brevet l\Iajor-General, United 
States Army. WIth illustrations. 4to, cloth ...... $3.50 

SHAFFNER (T. P.) Telegraph Manual. A comr1ete 
History and Description of the Semaphoric, Electric, 
and :Magnetic Telegraphs of Europe, Asia, and A mea, 
with 625 illustrations. By Tal. P. Shaffiler, of K.en
tucky • New edition. I vol. Bvo, cloth, BSo pp.... 6. So 

SILVERSMITH (Julius). A Practical Hand-Book for Mi. 
ne~, 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. Greath 
augumented, revised, and corrected. By Julius Sill-er
smith. Fourth edition. Profusely illUitrated. I vol. 
I zmo, cloth ......•...•..... ~ . . . . . • . . . . . . . • . • 3.00 

SIMM'S LEVELLING. A Treatise on the Principles and 
Practice of Levelling, showmg its applIcatIOn to pur
poses of Railway Engineering and the Construction 
of Roads, &c. By Frederick W. Simms, C. E. 
From the fifth London edition, revised and corrected, 
With the addition of 1\lr. Law's Practical Examples 
for Setting Out Railway Curves. Illustrated with 
three hthographic plates and numerous wood-cuts. 
8vo, cloth..... • • • • . . • . • • • • . • . • • • . • • • • • • • • • • • J • 50 

SUBMARINE W ARF ARE, Offensive and Defensive, 
includmg a Discussion of the Offensive Torpedo 
System. By Lieut. -Commander J. S. Barnes, U.S.N. 
WIth illustrcltlOn~. 8\0. cloth ............•.... 5.00 
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D VL"'l NOSTRAX'D'S ~UnLICATIONS. 

PLATTNER'S BLOW·PIPE ANALYSIS. A Complete 
GUIde to Qu~htatl\,e and Quantltatlve E~~ammations 
wIth the Blow-PIpe. Re\l~cd and enlarged by Prof. 
Richter, Freiberg. Translated from the latest Ger
man edItIOn by Henry B. Cornwall, A. M., E. 1\1 
Bvo, cloth ••.••••••••••••••••••••••••••••••• $5. c:xJ 

SPHERICAL ASTRONOMY. By F. Brunnow, Ph. Dr. 
Translated by the Author from the Second German 
edition. J vol. 8vo, cloth. • • • . • • • • • • • • • • • • • • • • • 6.50 

STILLMAN (Paul). Steam Engine Indicator, and the Im
proved Manometer Steam and Vacuum Gauges-their 
Utility and Application. By Paul Stillman. New 
edirion. I voJ. I zmo, flexible doth.............. I .00 

liThe purpose of this useful volume Is to bring to the notice of tho numerous elIIIa 01 
&hose Interested in the bUilding and the use ofstcam engmcs, the economy and safety aUen4
tng the use of the instrument therein described. Thll !Ianometcr bas been long Wlec1--'h. 
Inventor Is Watt In a cruder form, and the forms berem described are patented by lhl 
author. The language of the author, the diagrams, and the sClentltlc modo of treatmeD~ 
recommend the book to the careful consideration of aU who have engines m their cant."
Borton 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 Atlantic Coast. By S. H. 
Sweet. With maps, 1 vol. 8vo, cloth. ••• ••• • •• •• • 3.U.1 

WILLIAMSON. Practical Tables in Meteorology and 
Hypsometry, in connectlOn with the use of the 
}>arometer. By Col. R. S. Wllhamson, U. S. Army. 
4to, flexlble cloth. • • • • • • • • • •• •••••••••••••••• a. 50 

WALKER (W. H.) Screw Propulsion. Notes on Screw 
PropulsIOn, its Rise and History. By Capt. W. H. 
'Valker, U. S. Navy. I vol. 8vo, cloth........... 75 


"After tboroughly demonstrating the emclency of 'be screw, Mr Walker procl><'da \.0 

point out the varIOus other pomts to be att"oded to In order to secure an emcICnt man "t· 
war, and eulogIZes througbout the readiness or the BritJi:h Admiralty to test every nov· 
elty calculated to give 8:ltlsfactory re~!Illtl1 • • • • CGmmandcr Walker'. book con· 
IaIDS an immeuso amount of conclso practical data, and every Item of information r. 
corded fully proves thai the various points hearing upon " ha\ e beeD w~U COII81dp"'e4 
""'toQlly to expressmg an 0plolon."-LoIIdM Jlmuag JouT1lGL 
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n. VAN NOSpuND'S PUBLIOATIONS. 

WEISBACH'S MECHANICS. New and revised edition. 
A Manual of the Mechamcs of Engineering, and of 
the Construction of Machmes. By Julius Weisbach, 
PH. D. Translated from the fourth augmented and 
improved Gennan edItiOn, by Eckley B. Coxe, A.. M., 
Mining Engineer. VoL I.-Theoretical Mechanics. 
I vol. 8vo, 1,100 pages, and 902 wood-cut Illustra
tions, printed from electrotype copIes of those of the 
best German edItion. .••••• ...• .••• • ••.•••••••$10.00 

ABSTRACT OF CONTENTS.-Introduction to the Cal
culus-The General PIinclples of l\Iechanics-Pho
ronomics, or the Purely l\IathematJcal Theory of 
MotIon-Statics of RIgId Bodies-The ApplIcation 
of Statics to ElastIcity and Strength-Dynamics of 
Rigid Bodies-StatIcs of I' lUJds-Dynamics of Fluids 
-The Theory of OscIllation, etc. 

CI The present edltlOn IS an ent.lrely new work, greatly extended and very much im. 
proved. It forms a text-book which must fintllts way into the hands, not only or !:very 
student, but of every engmeer who deSires to refresh hIS memory or acqUlfO clear Ideaa 
on doubtful pomts "-The Ttchnoln[jtSl. 

WARD (J. H.) Steam for the Million. A popular Trea
use on Steam and its ApplIcation to the useful Arts, 
especially to NaVIgatIOn. By J. H. 'Yard, Com
mander U. S. Navy. New and revIsed edItIOn. I 

vol. 8vo, cloth. •.•••••..•....•...........•.• I .00 

WHILDEN (J. K.) On the Strength of Materials used 
10 Engineenng Construction. By J. K. WhIlden. 
I vol. I2mo, cloth...... • • • • . . . • . . . . • • • . . • • • • • 2.00 

WILLIAMSON (R. S.) On the use of the Barometer on 
Surveys and Reconnaissances. Part I. l\leteorology 
in its Connection WIth Hypsometry. Part II. Ba
rometric Hypsometry. By R. S. \VIlhamson, Bvt. 
Lleut -Col. U. S. A., Major Corps of Engineers. 
\VIth Illustrative Tables, and Engravings. Paper 
No. IS, Professional Papers, Corps of Engineers. 
I vol. 4to, cloth •••••••••••••••••• , • • • • • • • • • •• 15 00 
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D. VAN NOSTRAXO'R PUllLICATIOJl8. 

ROEBLING (]. A.) Long and Short Span Railway 
Bndges. By John A. RoeblIng, C. E. Illustrated 
wIth large copperplate engravings of plans and views. 
Impenal folio, cloth •..••..••.•••••••.•••••.••• $25. GO 

CLARKE (T. C.) Description of the Iron Railway 
Bridge over the MIssissippi RIver, at Quincy, Illi
nois. By Thoma~ CurtIS Clarke, ChIef Engineer. 
Illustrated wIth 27 lIthographed plans. I vol. Bvo, 
cloth. . . . . . • • • . . • • . . • • . . • • . • . . . . . • . • •• . . • • •• 7 SO 

TUImER (P.) A Treatise on Roll-Tummg for the 
manufacture of Iron. By Peter Tunner. Trans
lated and adapted by John B. Pearse, of the Penn
sylvama Steel Works, with numerous engravings 
and wood-cuts. I vol. Bvo, text, and fol. vol. Plates, 
cloth •.•••••••.•••.•••••••••••.••••••••••••• 10.00 

ISHERWOOD (B. F.) Engineermg Precedentc; for Steam 
Machmery. 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. Bvo, cloth.... • • •• 2. SO 

~AUERMAN. Treatise on the ~retallurgy 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. I2mo, cloth .••• . • . • . • • • • • • • . • • • . • • • • • 2. SO 

"This is an important addition to the stock of technical works published in lblll 
eountry. It embodies 'he latest facts, discoveries, and processes eonnected with the 
manufactnre of iron and steel, and should be In the hands of every person Interested 1D 
'he subject, as weU as In all 'echnlcal and scientUlc hbrarlea."-&imtafic AMenCan. 

PEET. Manual of Inorganic Chemistry for Students. 
By the late Dudley Peet, M. D. Revised and en
larged by Isaac Lewis Peet, A. M. J Smo, cloth... 7S 
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D. TAN NOSm.uro·S PUBLICATIONS. 

BUGENT. Treatise on Optics: or, Light and Sight, the
oretically and practically treated; wIth the applica
tion to Fine Art and Industrial PursUlts. By E. 
Nugent With one hundred and three illustrations. 
12mo, cloth................. •••••••••.••••• $2.09 

" This book: IS or A practical rather than a theoretical kmd, and is designed to a1f'ord 
&Cl.urate and complete information to alll11terested In applications of the science.-Round 
1bbk. 

SABINE. mSTORY AND PROGRESS OF THE ELEC
TRIC TELEGRAPH. By Robert Sabine, C.E. 2d 
edition, WIth additions. Fully Illustrated. 12mo, clo. I .75 

GLYNN 0.) 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. • • • • • • • • • • • 1 .25 

PRIME. TREATISE ON ORE DEPOSITS. By Bern-
hard Von Cotta. Translated from the Second Ger
man edition by Frederick Pnme, Jr., 1\;Iining Engi
neer, and revised by the Author. WIth numerous 
illustratIOns. Bvo, cloth. . • • • • • • • • • • • . • • . • • • • •• 4.00 

HUMBER. A Handy Book for the Calculation of Strains 
in Girders and similar Structures, and their Strength, 
consisting of Formulre and correspondmg Diagrams, 
with numerous details for practical application. By 
WIlliam Humber. nmo, fully illustrated, cloth... 2.St 

GILLMORE. Engineer and Artillery Operations against 
Charleston, 1863. By Major-General Q. A. GIll... 
more. With 76 lithographic plates. Bvo. cloth ••• 10.00 

- Supplementary Report to the above, with 7 litho. 
graphed maps and views. Bvo, cloth......... 5.00 
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Do VAN NvBTRAND'S PUBLICA-TIONS 

AUCHINCLOSS. Link anu Valve MotlOnc; Simplified. 
Illustrated with 3'7 wood cuts, and Z I lithographIc 
plates, together wIth a Travel Scale, and numerous 
useful Tablec;. By \V. S. Auchmdoss. Bvo., cloth, $3 OG 

JOVIlCOIl. M~TAIS USED IN COUSTRUCTION
Iron, Steel, nes~emer Metal, etc., etc. \VIth Illus
tratIons. 12mo, cloth .•.•.•.•.•...••.••••.•• • .75 

ELIOT AND STORER. A compcnd.ous Manual of 
QualItatIve ChemIcal AnalY51s. By Charles \V. ElIot, 
and Frank H Storer. Illustrated, 12mo., cloth,. • • I 50 

VAN BURE.N. ImcstigatlOnsofFormulas, for the strength 
of the Iron palts of Steam l\Iachinery. By J. D. Van 
Buren, Jr., C. E. Il1u~trated, 8vo., cloth,. • • •.. . • • J 00 

JOYNSON. Designing and Constructlon of :\bchme 
Geanng: Illustrated, 8\ 0., cloth,. . . • . . • • . . . • . • . • 2 00 

HOW TO BECOME A SUCCESSfUL ENGINEER. 
Bemg hmts to Yollths mlcndmg to adopt the Pro
fesslOn. By Bernhard S uan. ISmo , cloth,. • • • • • 7 ; 

FREE HAND DRAWING. a GUIde to Ornamental, Fig
ure and Landscape Drawmg By an Art Student. 
Profusely illustrated, I Bmo., cloth,.... • . . . . • . . • • • 75 

THE EARTH'S CRUST. A handy Outhne of Geology. 
By DavId Page. Illustrated, IBmo., cloth,..... •.• 75 

DICTIONARY of Manufactures, ~Iinin!, Machinery, and 
the Industnal Arts. By George Dodd. I zmo., 
cloth, .•••••••••••••••.•••.••• '" • • • • • • • • . • • • '00 



D. TA.."i NOB'rlUND'S PUBLlCA.TIOlfL 

MAYER. Lecture Notes on PhYSICS. By Alfred 1\1. 
Mayer, Ph. D. Bvo, cloth. . . . . • . • • • • • • • . • • .• $2.CO 

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 Amencan Practice, with an Appendix 
contaInIng useful formulre and rules for Engineers. 
By F. \V. Bacon, M. E., Member of the American 
Society of CIVIl Engmeers. 18mo, illustx:ated. Cloth. 1.00 

ON THE FILTR.lTlON OF RIVER WATERS, for the 
Supply of Cltles, as practIsed in Europe, made to the 
Board of \Vater Commissioners ?f the CIty of St. 
LoUIs. By J. P. KIrkwood, CIvil Engineer. Illus
trated by 30 engravmgs. 4to, cloth.......... •••• IS.OO 

THE PLANE-TABLE AND ITS USE IN TOPOGRAPH
ICAL SURVEYING. From the Papers of the U. 
S. Coast Survey. Bvo, Illustrated. Cloth. • ••••• 2.00 

REPORT on MachInery and Processes of the Industrial 
Arts and Apparatus of the Exact Sciences. By F. A. 
P. Barnard, LL. D. Pans Universal Exposition, 
1867. Ivo1.8vo,cloth .••••••.•••••••••••••• S.oo 

IBQN TRUSS BRIDGES FOR RAILROADS. The 
Method of Calculating Strains in Trusses, with a 

K:areful Coml?arison of the most Prominent Trusses in 
Reference to Economy in Combination, etc. By 
Brevet Colonel Wilham E. l\Iernll, U. S. A. Illus
trated. 4to, cloth •••••••••••••••••••• • • • • • • 5.oc 

USEFUL INFORMATION FOR RAILWAY MEN. 
By W. G. HamIlton, Engmcer. Second edItion, re-
VIsed and enlarged. 600 pp. Morocco gIlt. For 

pocket" • .. .····"····"1 n " ...........••• • • • • • 2. C'" 
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