Conservatoire

http://cnum.cnam.fr numérique des
Arts & Métiers

Auteur : Deville, E.
Titre : Photographic surveying including the elements of descriptive geometry and perspective

Mots-clés : Photographie

Description : 1 vol. (324 p.) ; 27 cm

Adresse : Ottawa : Government printing bureau, 1889
Cote de I'exemplaire : CNAM-BIB 4 Ke 69

URL permanente : http://cnum.cnam.fr/redir?4KE69

La reproduction de tout ou partie des documents pour un usage personnel ou d’enseignement est autorisée, a condition que la mention
compléte de la source (Conservatoire national des arts et métiers, Conservatoire numérique http://cnum.cnam.fr) soit indiquée clairement.
Toutes les utilisations a d’autres fins, notamment commerciales, sont soumises a autorisation, et/ou au réglement d’un droit de reproduction.

You may make digital or hard copies of this document for personal or classroom use, as long as the copies indicate Conservatoire national des arts
— €t métiers, Conservatoire numérique http://cnum.cnam.fr. You may assemble and distribute links that point to other CNUM documents. Please do
s NOt republish these PDFs, or post them on other servers, or redistribute them to lists, without first getting explicit permission from CNUM.

PDF créé le 29/9/2014



Droits réservés au Cnam et a ses partenaires



Droits réservés au Cnam et a ses partenaires



Droits réservés au Cnam et a ses partenaires



, TTIES : T 7
Gy E‘L-f ,g_%i Axl. .g_ /

INCLUDING

THE ELEMENTS OF

Disorierns . GroMeTry

AND

IUTHOGRAPHED AT THE SURVEY MWMFFICE

EASI GEA § PR AN G G,

.(‘Vlrr';[f ASAY K

1889

Droits réservés au Cnam et a ses partenaires



Droits réservés au Cnam et a ses partenaires



When the surveys of Dominion Lande were exterc-
ad to tre Rocky Mountszins region,it was found that

the methods hitherto employed were iradequate. Ths
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in the prairies congisted merely in de-

'y

fining the bourdaries of the townships and sections:
these lines form a network over the land by means of
which the topographical features,zlways scarce in
the prairies,are sufficiently well determined for
general purpcses.

in pagsing to the mountains, the conditions are
entirely different;the topographical features are
well marked ang numerous, and the survey ¢f the sec-
tion lines is always difficult,olten impossible and
In most cases useless. The proper édministration of
the country required sz tolerably accurate map!means

P 8

had to he found of executing it rapidly and at =a

a
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room for making a plan of it. Smzller scales aws

P
not gernerally vegquired in Burope.becasuse good maps

18 scales are already in existence.

4
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On the cther hand, the pogsibilities of the me-

thod have been cver-estimated:it has been assertaed

that it would apply to almcst any countryiin reality
there are but two classes of surveys te whieh it is
well adapted.and they are the survevs in a mountain-

ous country and the secret surveys. The Itali angd

E.;
-

8

Canadian Burveys are of the fovmer deseripiion: the

Tattar

&

3 in 811 probability extensively nractised,
aithoupn little is heard about them.

The authors who heve writter on the subtisat had
in view surveys on a large scale,executod with grest

precision. The Canadian Surveys are quite diiferent:
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they are on a smail

and the rapidity of zxe-

ot

sution is such that the more rrecise processes sre

(¥

rot zlweys availabls. The objeet of thesse notes is

to show the amount of informetion whnich econ ke ey~

-+
nda

ous circumsiarn-

[

tracied from 2 photograph under var

cza and the numerous rrocessses at the disposal of

L

the surveyor. Tha regsources of vhetesraphy in thai
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Py fpas now consiructed, they are useless

for purposcz of topograrhical surveying, but there is

i

1

no reason why thney shoule not be made sufficiently
a bt L Uiy

precise,all that is required being more perfect work-

wiGn, a

arc given on secret and bal-

Tonn although the subject is of no practic-

a1 Jmt anm PR e um vy 44 o -~y i
21 interest for Canadian surveyors,; a knowledge of

EF TG R g

ot

prirtaining to photographic surveying can-

o

o e d d + v e o ] ;
gUheEit o prove ageful to those sngaged on rhoto-

B STTNAL survoevo
< o 4 3 ;
- SMiate degrovirits 1 : i
Hefb@ deztririion of all the instrumente
aents

invernted mnd of the inuvsets i 3 i
- cohoRn UoEhe nvestigations of the variocus
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PHOTOGRAPHIC SURVEYING

CHAPTER I.

DESCRIPTIVE CEOMETRY

B )

1. DEFINITIONS,PLANES OF FROJECTION. The object
of descriptive geometry is to repreosent bodies and
to solve problems on fipgures in space by means of
their projections on certain planes called "Planes
of projectiont

2. GROUND LINE. For this purpose.two planes inter-
secting each other arec employed:they divide space
into four solid angles. Usually,onc of the planes ig
vertical and the other one horizontal ;their line of

intersection is called "Ground line® and is denstos

VR —

by the letters XY.

3
# L

3. REPRESENTATION OF & POINT. lLet %aY,,Fiz

* . Py
LA 2 ASED

the verticaj Plane, XBY the horizontzl or sround
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14 DESCRIPTIVE CEOMETRY
plane and P a point in space. From P,draw the per-

pendiculars Py, Pp’ to the ground

g . ‘
- . i
e end vertical pleanes: » is the hor-
N R )
h izontal projection of the peoint P
and »/ its vertical projection.
Fig.1 Let the vertical plane be re-

volvad wound the iline XY as an axis,until it zcoin-
cldaes with the ground plane; the point » will fall
at a point @ such that the line pp” will be per-
vendicular to XY.

For 1

fug

1 & vlane bte drawn through Pp and Pp’ it
i3 perpsndicular to the ground plane as containing

Pp  and perpendicular te the vertical plane as con-
taining Pp’ ;but when a nlane is perpendicular ito two
otner planes, it is perpendicular to their intersec-
tion, therefore the plane PPy’ is perpendicular to XY,
and its traces op and op’ on the ground and ver-
tical planes,are also perpendicular to XY,since a
line perpendicular to a plane is perpendicular to

all the lines passing through its foot in the plane.

But an’  being perpendicular to XY. op” must =lso

Droits réservés au Cnam et a ses partenaires



REPRESENTATICON OF A POINT 15
straight line perpendicular t¢ XY. The ground plane
will then be as sho in Fig.2, op’ beimg'd“e distancs
of the point P from the ground plans znd op it dis-
tance from the vertical gtaﬁe;both points g and g

gre on ihe same perpendicular to the ground line,as

gxpigined above.

. o ; It is usual to represent points
i in space by capital letiers, the
horizontal projections by itslis
Fip.2

1

erticsl projec-

[

ha

lettars zrnd

<

tions by the same italie letioro accented,

It has been shown that the 4wo projections of
a2 point are on a perpendicular to the ground line.
Inversely,any tws poinis on =2 perpsndiculary to the
ground line are the projections of a veint of space.

For iet the part of Fig.2 above the ground line

be revolved round the line XY until jta plane be

vertical ag in Fig.l. Through # draw a paraiisl io

e PN - b fy %y wrs 30} 3
7" and through A& parailel 10 o7 thev will meet in

Droits réservés au Cnam et a ses partenaires



18 DESCRIPTIVE GEOMETRY
angle of the vertical and ground planes;therefore o’
is perpendicular to the ground plavie,because it is per-
rendicular to two lines in that plane. It follows that
pFP,.parallel to gz’ is pe;pendicular to the same plane.
In the same manner it may be shown that #P is
perpendicular to the vertiecal plane:-
Therefore # and p’ are the horizontal and ver-
tical projections of the point P.

(7} 8 (3] (4} () (6l (7 8} rg)

.
w P .

et

. I ; [
i Lo Lot i

A

Fig.3
Pig.3 shows the representation of a point in
various positions.
(1} 1is a point in front of the vertical plane and
above the ground plans.

{2} 1is in front of the vertical plane and below the

ground plane.

{3) is behind the vertical plane and kelow the

ground plane. .
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STRAIGHET LINE

fead
_"}

(4} iz behind the vertiecal plane anc above the ground
plane.

(5} is in the ground plane in front of the ground
1ine.

{61 is alse in the ground plane buft behind the ground
line
(7% ig in the vertical plane above the ground line.
{3) is also in the vertical plane but beiow the
grovnd line.
{9} is on the ground line
4. REPRESENTATION OF A STRAIGHT LiNE. IF perpsan-
diculars he drawn to s plane from every point of a
line, thz locus of the feet of the psrpan-

digulars ig 2 straight line and is the orthozonal
projectiion of the first cone.

The projesction of a straight line may also be

defined as the inte

rasction of one of the nlanes of
projection by a second plane perpend par ho the
first one and containing the given 11 Thig =ecor
rians is called the p“:iﬁ:}
A sivraight 1line isg defirac oy

projections, becansae it s 1ho

Droits réservés au Cnham et a
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18 DESCRIPTIVE GEOMETRY

twoe projecting planes. There is nowever an excep-
tion when the given line ig cortained in A plane
perpendicutar to the ground line;tne two projecting
planes coincide and the projections of the line are

not sufficiznt to define it:the tracez must be given.

The "tracez” of a line are the points where it

in

intersgets the planes of projection. These points
are easily found by noting that the vertieal trace,
(Fig.4) being in the vertical plane,its horizonial
projection must be on the ground line,but it is alsc
on the horizontal prcjection, «4 .of the given line;
therefore it must be at the intersection of the lat-
, . ter with the ground line at <.
a5 _ By erecting at ¢ & perpendicu-
b lar to the ground line, the vert-
ical trace will be found at ¢’
Similarly,the horizontal
Fig.4 trace is cbtained bv erscting
at o/’ a perpendicular <« to the ground line; & is
the horizontal trace.
Inversely,the projections of a line may be ob-

tained from the traces. By drawing a perpendicular

Droits réservés au Cnam et a ses partenaires



STRAIGHT LINE 19
from the vertical trace: ' Fig.4,to ithe ground 1ine,
a peint ¢ of the horizontal projection is obtained,
which joined to the horizontal tyace.d ,gives the
norizontal projsetion. o The verticai projection
is obtained in a similay manncr by finding the vert-
‘el nrojection « of the horizonial tpace . ,and

rai
joining cd.

A straight line is defined by the projections

-~
[}

of two of its.points.

t za' s 25 . Fig.4,be the points.

The projections of the line will be &2 ad.

avre 1llustrated below.

/};

Fig.5 showsg a line intersecting
b 7Y the vertical plane at 5 .above the
ground line and the ground plane 8%
) # ,in front of the vertical plane.
Fig. &
#ig.8 The vertical trace, s ,is
x-Z _fﬁ- — vy beloy the ground line:the horizonial
. trace, ¢ ;is in front of ii. The portion
i Fig.8 of the line batwesen the itraces ls in

-

the lower front dihedral ang

[

e

B.2
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20 DESCRIPTIVE GECMETIRY

X -
o
f
‘E“E i {‘j e ’?
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X
e 4
Fi e 8
b
Y

ol

e

Figs

Fig.7 The vertical

)

trace. A iz bslow the ground

-
-

ina:the horizontal trace, @ .

Fig.8. The vertical
trace, & ,1is above the ground

line:the horizontal wrace. «

Fig.9. Line parallel to

.

the vertiezl plane,witihi hor-

o

{

izontal trace at & .in this
case; the projectiing plane

through @/ is paraliel to

the wverticai plane,; ther

0

i)

B
ol
[
ot

ore its intewssetion ¥

s
—
[
.
8

saratial to the gz

zyound
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STRAIGHT LINE 21
to the ground plang,thersiore its Intersection with
- 3 LT [ R, 4
the ve riiaal L, @’

is parallel tc the ground line.

Fig.11l. any line in & plane perpen-

.
diculay o ihe ground line-. The horizon-
Y
ta! and vertical prejections coincide
5
and are on a perpendicular to the
Fig.1l ground liine. As explained zbove, the

ling in this case is not defined by its prejections,
which do not change,whatever may be the direction of
the iine in the srojecting plane,but when the traces
are given.the line ig defined.
Pig.12. Line pervendicular to the
< oy vertical plane at «. The vertical pro-

jection is a point, @/ since any per-

™~

peridicular to the vertical plane from
a point of the given line will inter-
he plane at «” The horizontal projection, «&

e & line perpendiecular to the ground line,becan

. L

[
o

ST Ny

‘2iesiing plane is perpendicular to the iwo

i o~ .

larnes of wvyad by s 3 ; o . 5 .
phEshbe vl projection and thersefore is perpendicular
L0 tha 4 i

G intapaamd ; . . ;
2iToanzersection XY. Thers 15 no hovrizantsd
5 N0 novizont:

oy
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el

Tig.1%. Line perpendicular to the ground plane
st «. The percendicular to ths ground
z
piane from any point of the given
3\ ‘7_’_1..‘1
ting will interysect the plane at «,
ke
yihiizh ds the horizontat projection
MRS 2 e y v " + . .
Pl Lé i he Lline he vertical projection,
‘gt 1 3 - 1 3 : b
/> Ge pavpendicular o the ground line; because tne

projecting plane. being perpendi

of 0 rti0

ot

I

o

e

4y
"

the ground line.

Fig.l4

n.is perpendicular t

cular to both planes

their

intersection,
Fig-14. Line parallel

to the ground line- In this
case,each of the projecting
planes is parallel to the

ground line,therefore their

intersections with the corresponding planes of pro-

jection are also parallel to the ground line.

Fig.15

Fig.1l5.Line intersect-

ing the ground line: The point
of intersection, «; is at the
same time the horizontal and

the vertical trace of the l1line
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STRAIGHT LINE D5
and both projections intersect there.

Whern a line ig in the ground plane; itr horizon-
tal projection is the line itgelf and its vertical
projection is the ground line

When a line is in *he vertical plane;its vert.
ical projeection is the line itselfl and itg horizon
tal projsction is the ground iine.

The grourd line is its own horizontal projection
and ite own vertical projections

3. THROUGH A GIVEN POINT.DRAW A PARALLEL TC A GIVEN

J

LINE. When two lines avre parallel,;their projections
of same denomination are also parallel,;because their
projecting planes being perpendicular to the same
plane of projection and passing through parallel
lines,are themselves parallel to each other and
therefofe their intersections with the plane of

projection are parallel lines.

It follows that when a

ﬁf e , parallel to a line «?, @4, Fig.16
X B
4 P
e has to be drawn through a point
S
¢, e, it is sufficient to draw
Fig.16 through ¢ a parallel to 2 and

b 2

Droits réservés au Cnam et a ses partenaires



24 DESCRIPTIVE GEOMETRY
shrough ¢’ a parallel to 27" then eod, c¢/’is parallel
Lo CZ-Z‘; b

When two tines af, a'llied,cd’ (Fig.17) irtersect

gach other,the rnoints ol in-

o 4 terscation @ o
.
I
R r o i ’ Fe
";7"0;“’1"1_ LTS BT Of e

tine. It has beprn a3nown in ¥ 5

[
)
]
ot

o+

Fig.17

I+ followes when the poinvs p and B @rc

not on the same perpendioular to tus

Vines ab AW, ed.cd/de not intersect, that s to say

thev are not contzined in one vlang.

D
X
5
(8]
3
~
L
e
=
]
p=
[
o
g
o2
el
E
=2
!
e
ke
fomal
oo
\3)
et
s
vy
fi]
]
o
L

meet in & woint «, Fig 1508

B 3w o fe b e b o s P
the point whners the pleEng ooss
¥ ol Fren
. JERE T A ey I . T N e
it Tha weriical trucs of the plans iz 4Floihe Lol
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PLANES 25
When the plane is vertical,its trace 4FP,Fig-19

on the vertical plane

being the intersection
X - 3 '
cf two vertical planes.
o

and to gll lires con-
D teined in this plane

. . I
& by which 1t rg inter

b
-

G

-
£

T+ may he shown

in the zame way theat

ﬁ,.l
oy
m
v
o
0
3
o]
e ]
et
"
he}
[
e
"3
%
3
[
v

perpenciculer to the

e

TS s

e
-
3

"
i
fan)
P
gt
)
Pl
-
I
el
5
A
o
by
v
(&9
.
{
[
=
1
"
.

o

the groung linao.
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DESCRIPTIVE GEOMETRY

The plane may be parallel to the wvertical plane,

in which case the vertical trace disappears. The

4
)

ya ¢}

Fig.21

Fig.22

7’ o’

£ ] g

Fipg.23

iy

:[)

Flgo24

horizontal trace,PQq,Fig.21,
is parallel to the ground
line, because the two lines
are the intersections of
two parallel planes by a
third one.

Similarly,a horizontal
plane is represented by its
vertical trace,P’Q’,Figozz,
parallel to the ground line:
the horizontal trace disap-
pears.

When the plane is par-
allel to the ground line,
the two traces PQ,P@LFigoBS,
are also parallel to it.

A plane PdPiFig.24,per—
pendigular to the ground line,
has its traces perpendicular

to it. The ground line being

Droits réservés au Cnam et a ses partenaires



Planesg 27
perpendicular to the plane,is perpendicular to all
the lines passing through « in theat plane and there-
fore is perpendicular tc the traces ap, aPl

Two parallel planes have their traces parallel,
because the tiraces arec then the interssctions of two
parallel planes by a third one.

7o LINE CONTAINEQ iN A PLANE. A line contsined in
a plane has its traces on the traces of the plane,
since any point of the planes of projection not on
the traces is outside of the given plane. Henece fol-
lows an easy method to find a line contained in a
plane P P,Fig.25,when one of its projections u? ,is
given. The puint @ where the

: horizontal projection of the

‘i:
+
i iine intersects the horizon-
\ 1_’ - ':‘5 -~ _r;ff . \[ ] ] -
S tal trace X P of the plans,
i.‘:_\;ﬂ
Ve is the trsce of the line.
Its vertieal projection &’
) iz 8 point of the wvertical
Pig.25 a - *

procjection of the line. But
the point of intersection, #, of &/ with the ground

line is the projection of a point of ths line AR

Droits réservés au Cnam et a ses partenaires



28 DESCRIPTIVE GEOMETRY

contairied in the vertical plane, that is.the projec-
tion of the vertical irace of AE;then if at 4 a per-
pendieular »%’ be erected to XY,its intersection 4’
with ~ P’ will be the vertical trace of AR end the

vertical projection will be obtained by joining ' b’

8. POINT IN A PLANE. When a point M is contained
in a plane PaP,Fig.26,one of the projectiong, m,of

the point is sufficient to define i

ot

To ffind the other projsc-

2 . . e
- tion, #72, 0of M,let a horizontal
i rr
I oy line be drawn through M in the
, plane PaP.its horizontal pro-
z)\

jection iz a line s parallel
to @P,its vertical trace is
- Fig.26

at the intersection @ of the
vertical trace of the plane PaP with a perpendicular
at # to the ground line and its vertical projection
ig a line a2’ parallel to XY: The vertieal projec-
tion of M is then found by drawing through f%/a rer-
pendicular to XY and producing it to its. intersection
with a/m2'. The point ﬁwﬁfrbeing o theae line oz,

Wi

ig in the plane PxP.
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S0 LESCRIFTIVE GROMIETRY

projecting plane MA /2a 18 perpendicular to the ground

: . " C / )
plane:it is also parpendicular to the plans PaP,since
it contains a line MA perpendicular to this plane;

therafore 1%t is

of thessz 1w plans

.

ig perpendieulz:

perpendicular to the piane.it 1s pevpendicular to all
lines passing through « and contained in the plane

therafore a P is perpendicular 1o wmree-

,
shown that &4 18 perpendicu-
. lar to «P’
Noe : x So vwhen through =z point
4 1 + a
) A, it is reguired to draw
,), ’
a line perpendicular to a
Fig.28 plane,; perpendiculars 7w, and

/6" 4o the traces of ths
plane are drawn througn the projections /7 and 7t of
the point.

To draw through a given line a plans perpendicu-
“lar t¢ a given plane,a line perpendicular io the plane

is drawn as explained above from any poeint of the

Iy

Droits réservés au Cnam et a ses partenaires



REVOLVING PLANES a1
given line and then 2 plane is drawn through the two
lines by joining the traces of same denomination of
the lines.

¥nen it is vequired to draw ihroush z glven

@
=

o]
o
ek
]
o+

to the projections of the line are drawn from any voint
of the ground line:they represent the traces of a plane

there remainsg only

3
|
<
)
a]
I

ot
=
[43]
o
poe
S

perpendicular to the giv
to draw a plane parallel to the first one and passing
through the given point as explained in § 9.
11. REVOLVING A PLANE UPON CNE OF THE PLANES OF PRO-
JECTION. For making constructions in a plane other
than one of the projesction planes,it is often conve-
nient tc revolve the plane round one of its traces
upon the ground or vertical planes;the constiruction
is then effected and if necessary,the plane is re-
volved back to its original position.

The problem can always be reduced to finding
the position of a point M of a plane PuP,Fig.29,
after this plane has been brought into coincidence
with one of the planes of projection, the ground plane

for instance,by a revolution round its horizontal

Droits réservés au Cnam et a ses partenaires
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From the gpoint 72, araw a pervpendicualayr MmE to
the ivace «F of the plane and join MK and M»2 the

plane MK772 is perpendicnlar to the ground plans as

containg the vertical lineg
at K to which a¥ is per-
pendizcular. But aX is also,
~ by construction,perpendicu~
lar to K774 therefore it is
serpendicular e the plane
MK and to KM which is in

this plane. Conmeguently when the plans is revolved

round its trace;M will fall on a perpendiow:

to aPbP.

Let us suppose now that the triangle MK#? be re-
volved round X772 on to the ground plane;the angle
R /7M being a right angle, the side M will fall in
mesre, parallel to aP; mmaywnich is the height of M
above the horizontal plane,is equal to Z#. 1t is
therafore easy to construct the triangle and by

taking XM equal to K#Z the positiorn of M, is

Droits réservés au Cnam et a ses partenaires
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B34 DESCHIPTIVE GEOMETRY

K4 But K& is the hypothenuse of the right angle

triangie Ké&6) which ean be constructed at Ké44; by

making K8 equal 1o K/, the position of B is obtain-
]

# it must be cobserved that the position of the

horizontal trace @ of the given line has not chang-

g thnerefore this line atter its revolution will fall

given plane with the ground plsne and the construc-
tion indicated affords a simple method of finding it.
The line X P is the position of the vertical

trace atter the revolution of the planeltre

[

ngls
PxF  1s the angle formed in space by the traces of

the plene,and B, is egqual to . Hence the follow-

iy congtruction to find the revolved line,whan o is

limite of the drawing.

™

Draw £ K pevpendicular tc /AP and instead of

constructing the triangle K64 , describe a cirele
with & ss a center and A% as radius. Join to m-the
voint of intersection B of the circle with %K pro-
duced;B # is the revolved line,and P the revolved

v g o ey
trace of the plane PaP.
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REVOLVING PLANES 35

To revolve a plane back inioc its eriginal po-
sition,inverse constructions are emplovec. Let it

wa veguired for instance.to find the nrojsctions of
(8 24 v

the point M, ;Fig.29,whe

=
bt

the plane Paf is revoived
o ’ .oy 3
pack to PaP. The angle of PxP with the ground plane

ig first determined by the construction given above:

then from ¥ a rerpendicular is drawn to XP zund at

L

the point of intersection K.an angis 7t K g is con-

)

structed squal te the inelination of the given plane

on the ground plane. K7y is taken equai to XM, ana

from n7;, & perpendiculayr »4m is drawn Lo M ¢, Wi s
the heorizontal projeciion of M,and wewy, its height
above the ground plane,Trom which the vartical pro-
jeetion is easily found.

A line ig revolved back into its original po-
sition by repeating in inverse order the construc-
tions given for revslving it upon the projection
plane. Let «B ,Fig.30,be the line:from B sand «
draw the perpendiculars B/ and «« 43 1P ard XY
respectively. At/ erect & perpendicu’
XY.produce it to its intersection £ with ¥ and

jown @b, '/, which are the projeciions required

P
g 2
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38 DESCRIPTIVE GROMETRY

rall in «B, ,parallel to ¥P co the point M, will be
on @B ,but this point is also on s, therefors it
is at the intersection M, of »2/2 and B, .

To find ths projecticns of the point M of space
when it iz given revolved on the ground plane in Mo,
draw through M, =z paraliel «B 1o the trace « P and
a perpendicular M 72 to %P. Through @ draw ad par-
allel to the ground line;it is the horizontal projec-
tion of & 1line parallel to the vertical plane and
passing through the point M. But the horizontsl pro-
jection #72-0of M is alsc on the line M, 77, therefore
it is at the intersection of M 77e, and ab .

The vertical projection 72" of M is on the per-
pendieular s/ drawn through #2 to the ground line;
it is also on the veriieal projection «/2’ of the
rparalisl to the vertical plane,which is obtained by
drawing from o a perpendicular 2«a’ to XY and
through @ & parallel to the trace &P, The inter-
section of @d’ and s gives the vertical projec-
tion #7° of M.

The constructions are still further gimplified

when ithe given plane is rerpendicular to one of the

Droits réservés au Cnam et a ses partenaires



REVOLVING PLANES 39
planes of projeciion.
Let PaP,Fig.33,be a glane rerpandicular to the
eround plane and m 2" a point of the plane. The point

M in spaece is on the vertical

R
line passing through /2. which
T *i'; Ly . . . e~ . s
RN ' line is in the plane PXP and is
RZ perpendicular to the horizontal
W, o
line XP. Therefore;when Pal is
Tig.34 revolved round A P;the line 7 M

¥il1l 8till remain perpendicular to «xP and the point
M will fall in M, at a distance /72 M, from XP equal
to the height of M above the ground plane. But this
height is /'; therefore to determine the point M ,
draw at 7. a perpendicular to «P and take mM equal
to /om.

Instead of revolving the plane vround A P,1it may
be revolved round AP on the vertical plane. The

point M will then describe in space zn arce of circle

of which the veriical projeetion ia the line.ﬁimzpa?«

allel tc XY and the horizontal projection an are of
civele m#&, with & as a center and ame a3 radius.

When the nlane PaP zoinsides with the vertical plane,

o

c

Droits réservés au Cnam et a ses partenaires



ey e
NP E §

1 : 2 - -1
i F PRy < oy [! [y
+ E HER A H [ i

E - - F

= ~ < b, o - RRC R S - . e
4 W RA g q ey o ) £ Y
- e .
R i srmwow G gy AR K4 . y
M - S W :

P %7 - T e F - . 7 e 3o
noint M oabove the ground plane e

. . o - e P ) S P - 4
the wrojection: of the point
TV e -~ T . . o 3 Fal - '
he "projections of M, are found by 4

1iel Mo to XY¥,which is the veri-

the are of circle deseribasd by

M, when revolved back to its original pesition:iake
vt agual to the distance Mv of M from the trace

xP and through #7 draw the perpendicular mese to XY

n

st e Byre the projections of the point.

2. INTERSEGTICN 0F TWO PLANES. Let PxP and 4,

G4, e two planssithe points M and N where the

4

ansg maesit,are the traces of the

-
4]
fd

of irtersection of the pilanes. The projections
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42 DESCRIPTIVE CEOMETRY
ground line,

To obtain M,let us revolve TOTfarounﬁ GT upon
the ground planeithe intersecction of TOT and ] PQE
of which the traces are ¢ and «, will Tall in cD, s
0D, being equal to O4. Similarly the intersection
of TOT and RS RS'will fall in =B, ,0B being equai
to 02 ' and the point M will come in M, ,at the inter-
section of ¢D, and «B . From M, draw a perpendicu-
lar to 0T,the point of intersection 7 is the hor-
izontal projection of M. The vertieal projection is
obtained by making 072 squal to mM, ,this being the
height of M above. the ground plane. Then through #?z-
and #1° draw the paralilels c,,é?;to the ground line;
they are the projections of the iirne o:r intersection.
14. THE INTERSECTING PLANES CUT THE GROUND LiINE AT
THE SAME POINT. Let PoP,Q¥Q,Fig.36,be two intersect.
ing planes cutting the ground line at & .Draw a plane
TOT perpendicular to this line; X is a point of the
line of intersection of the planes and if the pro-
jections #2- and 7¢° of the point M where this line

cuts the plane TOT were known,the projections of the

. . . . . - - g’
intersection would be obtained by joining awve ang /77 -
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INTERSECTIONS 43

Let us revolve the plane TOT’around 0T:the in-

tersection of TOT and PxP,of which @ and & are the
traces,will fall in « B ,0B,

- //Q’ being equal to 0Z'- Similarly the

intergection of TOT and QaQ will

N« Y fall in ¢D ,0D being equal to
U 0d,and M will eome in M ,at the
‘;\“ intersection of @B and ¢D .
From M ,draw a perpendicular M 7z
Fig.36 to OT,the point 722 is the hbv-

izontal projection of M. The vertical projection #e”
is obtained by making 0777 equal to #eM, . Then draw
n777 and o777’ whieh are the projections of the inter-
section.

15. INTERSECTION OF TWO PLANES,ONE OF WHICH 1S5 HOR-
TZONTAL OR PARALLEL TC THE VERTICAL PLANE. When one

the planes is horizontal, the

P
" . intersection is parallel to the

v W - Y horizontal trace of the other

o plane:its vertical projection is
=

/f - 0 P

the trace QR,of the horizontai
Rig.37 plane (Fig.37) and the horizontal

Droits réservés au Cnam et a ses partenaires
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46 DESCRIPTIVE GEOMETRY

a straight linre whieh will meet two given lines not
in the same plane,s plane ig passea through the point
and one cof the lines. The point wheve the second line

prierces the plane iz ascertained | ¥ 17) and by join-

ing this point of intersection tc the given point.the

-

- v 3 g e - . s ! oy s
20. DISTANCE OF TWO POINTS. Let aa’,/llh,FPig.40,be
two poeints;to ohiain their distanes, cne of the pro-

jzeting planes of the line AE may be revolved about
its trace upon the corresponding projection plane.

Let us revolve, for instance

AB @/ around «/. The point A

4 .
T will fall in A on a perpendicu-
X0 _; ' lar @A to «/, the line «A,
W
/ ;jf“  fL being the height of A above the
} .A””” ground plane,that is the distance
re.Similarly B will fall in B ,
Fig.40 on a perpendicular &B, to ##,

and at a distance from % equal to 52°. The required
distance of the points is A B .
The construction may be somewhat simplified by

observing that if a line be drawn through « parallel

Droits réservés au Cnam et a ses partenaires



LISTANCES A7
t0 A_}, B ,its length ao is egual to & F [ thercsiore

instead of censtructing the trapezoid «wd BoH, it

} i i } e « B R ITE 7

will be sufficient to orect a perpendicular o ah
- - T - - .

st /i oand to lay off on it 3 distanes D =gusl to

the difference betwean s£  and el

21. T0O LAY OFF A GIVEN LENGTH ON A LINE The con-
strucetion given in § 20 may be employed for laying
off 8 given lengih on a line AR { Fig.40 }. Turn the
projecting plane on ths line 7/ as an axis and lay
o¢ff the veguired length A D on A B Then revolve
the projecting plane back to iis naturai position:
the horizontal projection of D will ne at «, f20t of

the perpendicuisay drawn Trom D ic a2, and its vert-
¥ ks

p )
- 3 * - - i
teadl projection will he at o, intzrsection of 'l

3 , iy o -, - - sy 7 3 % - =

by a perpendicular through o %o ths ground ling.

i L 5 1,1 M Y s £V e
Py o SRR ol 3 € Ea o ous waEIias %l

from & point.to & straizght line i3 c¢btained by pass-
ing a plane through the lines and the peint,and re-

volving it upon one of the planes of projection. Let
@b ,a'h, be the line and w2’ the point { Fig.41 ).

4 - N
Through #ese draw = parailel od, cd’ to ab, a'P'ithe

line geo 5 the norizontal t

race of the plane
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DISTANCES 49
Let PP ,Fig.42.be the plane and s the peoint.

Tnrough #2727 pass the plane

040 perpendicular to P and

. r revclve it around 4§ upon
-4 the ground plane. The point
~ L "Y' A describes the arc of
s B zireie AA ,and BA  is the
’ ) intersection of the twe
revolved upon the
Fige.42 ground plane.

Ly
P A

he poirnt M iz on a parallisl to UG passing
-

- . . . . ) ’
throughm.In revolving the auxiliary plane, w2 de-

in oM ,8till parallel to 44. The point M remaining

; - o s L -
seribes the are of circle s ¢ and the line #2M falls

during the revelution of the plane at a constant dis-

tance from the vertical plane,will fall on a parallel

6 the ground line passing through sz therelore M,

1i gome at the interssction of 5}%,and »2-M . There

S,
remaing only 1o let fa2ll a perpendicular from M 1o

A 111 is tne diztance required.

24. DISTANCE OF TWC PARALLEL PLANES. The distanc

O

+h

q_—’#
e

arallel plarice may be obitained by interssctir
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350 DESCRIPTIVE GEOMETRY

them by a third plane perpendicular to both and re-
3

volving it upon one of the planes of projection.

Let PaP,QsQ Fig.43

2 be the parallel planes.
“;?‘ AN Draw a plane ROR perpen-
R : '
E );%\ R dicular to the vertical
x 2 0SBy
NS traces and revolve it
Tl ¢
A p . upon the ground plane
around OR as an axis.
Fig.43 ' The points R and S de-

scribe the arcs of circle RR ,8§ :the lines RR and S§
being the intersections of the given planes by the
auxiliary one. These lines are parallel and their
distance is the distance of the planes.

o5. DISTANCE OF TWO STRAIGHT LINES. Let AB and CD
Fig.44 be two straight lines not contained in one
plane;it is reguired to find their shortest distance-
This distanece is the perpendicular to both lines:
Through any point of AB. A for instance,draw a par-
allel AF to CD and from & point G of CD,let fall a
perpendicular GH on the plane BAF. Through the foot

of GH in the plane BAF.draw a parallel HK to AF and
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ANGLES ol
through K another parallel KM to HG. the linec KM is

perpendicular to beth

B lines.
Al
A; ,}H Aithough present-
7 o G
A ing no difficulty the
7 > 7
construction requires
many lines and is om-
Flga’;‘-é

itted here.
o8, ANGLE CF A LINE WITH THE PLANES OF PROJECTION.
Let it be required to find the angles formed by the
line ab,e’s. Fig.45,with the planes of projection.

The angle of the line

i with the ground plane is the
) ,/../ (N ‘
[ . 4
e L gsame as with the line =274,
7 ;
e b ) ) - ) )
N i Y since the plane /Ftwul 1is
T perpendicular to the ground

plane. This angle can be
obtained by revolving the
triangle #%a arcund 7% as an axis upon the vert-
ical plane. The vertex « describes the arc of
cirele 2o &nd the triangle comes in %2%c the angie
&t ¢ being the angle of the line with the ground plana.

D2
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52 DESCRIPTIVE GEOMETRY

Similarly the angle with the vertical plane is
obtained by revolvirg the triangle wwef upcn the
ground plane around o as an axis. The vertex -
comes in #, the angle m./a’ Leing the angle of the
line with the verticsl plane.

When the line is c¢coniained in a plane pervens
dicular to the ground line,such as =7~

engles are found by revolving tl

o3
]
o]
b
»
wa
T
o
Lrj
[
]
-
D
=
]
9]
+

y o N P R T
the planes of projection.ine

b

volved positicn of the line iz
B ; sand B are the angles
with the ground and vertical

i

o))

g+46 planes respectivelys

In the case of a line parallel to cne of th

g

4

he line with the

>

planes of projection, the angle of
othey plane is the angls of iis projection with the

ground line.

“7.  ANGLE CF TWC LINES. To find the angie formed

T
d
f
-
ot
453
i
0
el
Fo
e
Lol
)
3y
P
it
L
s
48}
g

.their plane is revolved
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54 DESCRIPTIVE GEOMETRY
1t may happen that the traces of the lines are

outside of the drawing,and that the trace of their

vlane can nct te obtained as explained above. In

that case.the lines are cut by an auxiliery hurizon-

1
o
-
™~
{0

+a] mlanz on which the construction of Fig.47 ig

-y

gifgcted
; ER . Dy erwres rvmywes ] il . ST ) o
dhan ihe lines are povallel Lo one of the planes

el . < . E o s o E Y e en T fut e 3 -
of vprojection ithelr angle is the sngle of their pro-

el

28 NGLES OF A PLANE WITH THE PLANES CF PROJECTION.
The angles of a plane with the planes of projection
are obtained by cutting it by auxiliary planes per-
pendicular to the traces. Let PaP,Fig.48,be the
7
plane. Draw a plane TOT per-

I pendiculiar to “APlits inter-

ry
. sgetions with the planes of
A

oo _ projection and the given
XN B e By

plane form a right angled

’ N'ﬁ triangle T0T in which the
angle at T is the angle of
PaP with the ground plane-
Filg.at

Revolve this triangle around

L)
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sy are of cirecle TT .of whien O ig the center mnn

a
r s A
the trianglie comes in 10T , the angle T ! ALY
N i b L % + i = ~ T3 P *
angle of FaP with the ground plane.
vertiecal nlans i

. . P T S, F
p@f’peﬂd RV IS A T

r
~ - o~ Y 3 = !"} ,"j
plane in B0S ine 2t $ is the angle of Par
- e / 7
with the variicsl ©
Ed . - < *
Tne lineg TT is the lirg of grestest declivity
o1 oy DRR ey il ._,"*\ -
O3 DLane rAr STy i LG
nlane PaP znd not saraliiel o TT Fowuwe wiith the
b e % g a o la
ground piane an angle smallsr than TTO.
’ l
0y AT S v B s v Iy L vty g T A RITOOR R ™ £y A TR e A s
P-AS ANGLE OF TWO PLANEZ. Let P¥ 3 ‘:):(b Q? SR . O

ig required to findg the angle.
Their intersection is projected horizontally in «/ .

Cut the plans

6]

by ancther one perpendicular to botnd

it is

o

erpendicular to thelr intersection and conse-

2]

auantly the herizontal trzcs o/ 1

L]
e
w
g
b
)

wendioular

to @#/. The intersections of this plane with the two giv-

¥
A
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58 SCRIPTIVE GECHEIRY

iz constructad Ty moans of ithe lins and the zngle
Looit mives a poeint « of the herizontal trace of the
plane reguired. Another voint ¢f the trace is found

at o, than join a«, produse te ¢ and join 45 @ the

: 5 - . ]
soquived plane ig w40

D - 5 e ey o g o 3 -
(ine with 5 plane is tne complsment of the angle of

the line with a perpendicuiar to ihe plarne. S0 In
order to find the first angle.s perpendicular may b
> i i ¥

erscted to the plane through a ooint of the given
lins { § 10):the angle of the two lines is then de-
2. METHOD OF ROTATIORS. The method of
5 process sumloyed in Deseriptive Geomstry for faeil-
itating the solution of preblems. It congists in ro-
tating the whole system of the projections or only
vzrt of ii,arcund an axisg perpendicular to cne of

thie planes of projisction.until the system assumes a

el
hel
o]
b
oF
)
"

ion favourable to the solution of the problem.
A3, ROTATION OF A POINT. Let it be reguired to ro-
tate a point s, Fig.50, through an angle «. around

a vertical axis «, 2 4. The projecticn »2 will describe
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an arc
’ ’ & ’
e s
NS “ %
I i
‘,'i.t
¥Figs 50
arc w, ths point 7 i

parallel

84, ROTATION

straight line to be rotated around & vertical

-/ . - . . ;
¢, 4" until parallel to the vertical plans.

X

i

i
[i=
[
}_J

of eivele miwy, with centar ot » and sub

2

perpendicular to the ground line
to the same line

OF A LINH.

ROTATIONS 50

an angle equnl o
point M,during itz
mains

. L Y - . e B 7
at the seme digtance

From the

¥s
"3
o]
"
o]
o
o
i

lane; thers-

. 3 4 e, b B 2. bt
fore its verticzl projoctiorn,

", - - i s i wer') “
t0 the ground line. So ghon
»
the point» hags descyripsd iths
5 27 -y = <
in 24, at the interscation of

through

- Ca art ms o R e
Let wid, a'l, Fig.Bl,he g

Prom o

33 - T e e
anciouilas

the per

l—ci

o7 on wb, and rotate ihe

projecting plane containing

s  around the axis. The

£3n
LAl

point #2- will describe

arc of circle and stop at

772, on the perpendiculiar to
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ROTATIONS 1
- / . - . . . .
FxP,Fig. S52.is a plane tc¢ bhe retated uniil per-

pendicular

il

» the vertical plane,about & vertical axis

of which the horizontal trace is atec. Freoem o let

LAli:

fall a perpendicular e on <P and rotate xP

.
)
-
s
I.J
?._-l

ceZ is parallel to the ground line! oF will then be

perpendicular to XY. It is the rotated horizontel

il

trace of the plane
Now draw any horizential
42
. - 7 V& A
2 tine a2, in the pls
tine g/.g7,in the pla
A a
. &P produce v/ to ite 1n-
It terseetion / with ¢/ and
/i - Iy ey
rotate the line /2. w'/%’,
./,"’? ‘
-

i through the same angle,

as the trace %P of the plane.

)
Fig. 52 The nolntlf' of w2 will de
seribe the are of cirele ff and stop on o, pro-

duced. The votated horizontal projection will ther

move Qxn

Droits réservés au Cnam et a ses partenaires
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3,
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ne parallel g7  to XY.and will stop at the inter-

—*

section of ¢7% and g/; produced.since g /5 is
verpendicular to XY.

The rotated line g /¢, , iz still parallel to
the ground plane and is rnow contained in a plane per-
pendicular to thne vertical planeitherefore it is ii-
self perpendicular to the vertical plane. Ite veri~
ical projection is ine point yj, wnieh iz also its
irace and conseousntly a point of the vercicali trace

At the rouated plane. Buc «, is anoilher point of the

new vertical srace, therefore the rotvated plane is

The angle _¢sggﬁ is the inclination of the ro-
.ated plane on the ground planeithis inclination 1s
vhe same before and after rotation.

The plans might now bs brought parallel to the
ground plane by a second rotation about an axis per-
perndicular to the vertiical plane.

%6. DISTANCE OF TWC POINTS. As an application of
thiig method, the determination of the distance of two

points may be given.

/- . - % " .
I@t,fﬁﬂgﬁé, Fig.53%,be the points. Rotate the

Droits réservés au Cnam et a ses partenaires



SPHERICAL TRIANGLES 83
vertical projecting plane containing « and # around
the vertical line through « untili it is parallel to

the vertical plane. The point

L. b
#7\3\\ 0 describes an arc of circle
AN
b b6 and stops at 4 on the
X Y
Py, ; parallel @/ to XY; A'moves
SN
j _”iygy on a parallel to XY and stops
at 7%; at the intersection of
Fig.53 the parallel £°4, and the

perpendicular 45 , to the ground line. The rotated
line is now parallel to the vertical plane;it is there-
fore equal to its vervical projection @’8/. The in-
clination of the Jline on the ground plane is that of
the vertical projection on the ground line.

Another solution of this problem is given in § 20.
57. SOLUTION OF SPHERICAL TRIANGLES. A spherical tri-
angle may be assimilated to a trihedral angle by sup-
posing the vertex of the angle to be at the center of
the sphere. The sides of the stherical triangle are
then subtended by the plane angles of the faces of
the trihedral angle and the angles of the triangle are

the same as the dihedral angles of the trihedral angle.

Droits réservés au Cnam et a ses partenaires
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SPHERICAL TRIANGLES -85
pyramid, the vertical trace of which is on the arc of
cirele described from Q as a center with QR as ra-
dius-

The third edge of the pyramid is also shown in
0P, which must be taken equal to CF ; E ,1like F ,1is
the vertical trace of the third edge 0P revolved upon
the ground plane. Let now the face ¢ be revolved
back to its natural position,by turning it about CR:
the horizontal projection of P, will move on the per-
perpendicular Pmlet fall from F, on OR.and when F,
comes to its original place in the verticsl plane,
its horizontal projection will have moved along P w
up to its intersection p with the ground line. The
vertical trace P will_therefora be on the perpendicu-
lar 7P tc the ground line,but being also on the arc
of circle P P,it is at their intersection.

Having now obtained the trace P of the edge 0P
o the vertical plane,the dihedral angle C is found
&t once in PQR,since both faces are perdendisular to
the vertical plans.

Zenerally,only one angie is regulred:in meking
the construction, the edge fuy%esponding to thiis engile

E

Droits réservés au Cnam et a ses partenaires
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SCRIPTIVE GECOMETRY
8 placed perpendicular to the ground line.

Should the other anglos be wanted,A could be ob

#t? ravelved arvound Po on
the verticsl pianes; Pz 18 the angle A of the spher-
£

ieal triangle. B is constructed as explained in § 29

or by any other method.

39. GIVEN TW0O SIDES AND THE INCLUDED ANGLE.T0 FIND

THE REMAINING SIDE AND ANGLES. Let 2, & and C, be
given,requiraed . A and E.

Place the intersection of @ and & in 08, Fig- 54,
perpendicular to XY, and the face &/ on the grouna
plane;draw QF making the angle PQY equal to C: QF 1is

O

the vertical %race of the face @. Maks the angle 0Q0f

equal to @ : QOE is the face « of the trihedral

angle revoived about C§ on the ground plane. Taking
Q7 equel to OF ,the point P is the vertical trace of

of the trihedral angle.

Te ouvtalin o, let fail from P and @ the perpen

Jiculars Pyoo oand @ to XY and OB respectively. Re-

viive about P or tns vertical plane the itriangle
Tormed In sypa by Pz and @7 t¥Pimop is the angles A

Droits réservés au Cnam et a ses partenaires
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a8 DESCRIPTIVE GECMETRY

radius, describe the arc of circle /mm ard through C
draw the tangent CR to the circle:. The angle ef the
plane GRQ with the ground plane is egual to A, there-
fore ROQ is the face # of the trihedral angle and,
POR is the face ¢ .

/2 and the angle C are obtained as in former

cases.

41. GIVEN TWO SIDES AND THE ANGLE QPPCSITE CNE OF
THEM, T0 FIND THE REMAINING SIDE AND ANGLES. Let«.?
and B be givenireguired A,C and c .

Place the faze « on the ground plane with the
interseation of « and / in OPF,¥ig.38.perpendicular
to XY. Make POR and POQ, equal to @ and /4 respect-
ively: POQ

, is the face / of the trihedral angle re-

volved about OF on tne ground plane, therefore the

P/ . g ~
ﬁik vaertiecsgl trace § of the
NoaRe 2y ol A edga opposite to @ is
< ogr: a 2irele described
s ‘.{. » .
e e frem P oas a center with
Ll
&
PG as radius. Thrcugh
¥ pass a plane perpen~
. 1 s ; . +
Fig.56 dicuiar to OR: its
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s

,it may be shown that:

[
: 5
[
by
O
W
1)
3
¢
2
n
1

B, = 180° ==/,
ana ¢ = 180°— ¢y
Hence the trihedral angle 0TSV is the supplemen-

tary angle of DPQR.

43. REDUCTION OF AN ARGLE THE HORIZON. The re-

guction of an angle ¢ the horizon is an application

of the =zclution of iriznecles. ¥Yhen an angle
is cbhegerved between iwo points which are not in the

horizontal plane of ths observer,the observed angle

it to the angle

formesd by ihe zrojectiona ¢f the points on the ground

- B g N
the p.oane
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T4 PERSPECTIVE
Congider the visual ray from the eyc to a point
of spaceithis ray pierces the picture plane in a se-

cond point.which is called the "perspective" of the

first one.

The visual rays from the eys to all the points
of a straight line form a plane whose intersection
with the picture plarne is the persveciive of the

>

1iine- Consequently:the perspective of a siraight

=t
(o]
3
@
L
W
0
=3
O
ot
v
6]
=3
L€/]
el
e
0
)
e
YL
)
ot
-
o)
=
(6]

When the 1ine is a curve.tithe visusl rays to its
various pointe form a conic surface whose vertex is
at the eye and whose intersecticn with the picture
pilane is the perspective of the curve A surface of
the sameg nature is formed by the visual rays tangent

t¢ the vigible outline of an objecti!thie perspective

Q
-t

the objlect is the initersection of this surface by
the picture plans
45  DEFIMNITIONS. The %"ground plan®" is the hori-

zontal projection of the objects to be representsd;
thus for the perspective of a landscape, the ground

plan is the topographical plan of the ground;for =

building,it is the horizontsl or ground plan of ths
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e
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o
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L7}
]
C
4
"
3
b
-
13
[

ground itself.but of 2 model of 1% recuced te the

zeale of the map. Thisg comvention will be
3 - P v Aol v t P .
fuarther on. Objiects are even represgnisa wnica are

hehind the obsarver, ths origin of light. fer in-

merely a geometrical conception to which ihe usual

definition of z perspective does not apply.

The "ground line® ia the intersection of the

)

(&)

{ XY,Fig.

i
e

KX

ground and picturs plane ¢

The "station" is the point supposed to bs ocC-

cupied by the eye of the observer. [8,Fig.59]

The ¥foot

4

¢f the station”
4 is the point
p
7 v where the vert-
i
.
- } Pl 1
P 18R 01 ‘e
. station pisrces
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DEFINITIONS i

The "Jd i¢ the lins bstween the
station znd the principal point { SP, Fig.39 }. Itz

iength iz the distance from the station or from the

foot of the

[#7]

tation to the picture plane.

The "horizon plane¥ is ine hﬁrizontal'plane
pasging through the stailion. it eontains the dis-
tance line and cuts the picture plane on 2a heorizon-
tal line psseing through the rrincipal point and call-

(

ed "Horizon line"

HH, 70,59 ). The distance between

the horizon line or the principal pcint and the ground

lin to the altitude of the station.

@D
T
6}

W

Pl

m

The fprincipal plane" is the vertical plane per-

pendicular toc ths picturs plane and passing through
the station { &SNg, Fig.5%). It contains the foot of
the station,the principal point and the distance line.
The *prinsipal line? is the intersection of the
prircipal and picture vianes [ QN, Fig.d® }o 1t is
perpendicular to the ground ari horizon lines and

intarsects the latier at the principal point.

A "front planeY is

)i
W

plane vpzrallel to the

victure plane.
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a0 FPERSPEOTIVE

plane with the picture plan

AB. Thums we have this relaticn betwoen a gtraient 1in
in the greound plane and its pervepectiva. they are the

traces on the ground and pisture planas, »9 ths

containing -the station and *he line jtse-

the line being in the ground
plans. the horizontal prejec-
tion is the line itself, AR,
B Fig.84, the vertiecgl projec-
tion ig the ground line. To
Fig.64 draw & plans through the
station sP,and the line AB,draw through SP a par-
allel to AB;the horizontal projeztion is a parallel
to AB through s, and the vertical projection a par-
allel through P to the ground line. The vertical
trace is at ¢’, the intersection o ¢P with the per-
rendicular ¢’ to ihe ground lins. The horizontz}
trace of the plane containing SF and 4B iz *he 1-1e
A2 ditseli,zince it is in the pround vlane. The veprt-

- N r " -
ital rrace passse thrvough ¢, the frace of the ling s,

g0 owhich i3 contained ivn the rlangiit must zlse pa

n
U
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LINE NOT IN GROUND PLANE 81

s

throusgh A, therefore the vertical trace is the line
Ac’. Hence Ac’ is the perspective of AB.
48. PERSPECTIVE CF A PCINT NCT IN THE GHROUND PLAME.
The construction givern in § 47 doeg mot change,when
the point to he placed in
e parapective 13 nat in the

ground plans. A line 18 st117

P drawn through the eiztion

LR
p
- T3 3 o~ ~ -
SP,.Fig.%5 and the o t
aere’. The wertlcal ITrals g

Fig.85

The horizontal trace «~ of the visual ray 19

the perspective of the point swre on the grovund planeg;

hence it may be stated as & general rule.tna® the POy
spectives of a point on tne ground and pleiure plEnes

are the traces of tne lins joining the station tQ the

point

» i g TITW OO OA ) iIE A1, FrT O rURIT O THTY T oA NG
490. PERSPECTIVE O0F A LINHE HOL Lk HE GROUND FLANE.
T Ny 7 T 5 - . PR
Let ad, »/2. Fig o€, be & line not 1a ine around plane

-5 - . : H 1 o

tc obtain its perspective a plane must be passed
+3 . Lo X N A -
through the station. JSP and the i1n@ fxy,mkﬁf vhe

intersection of this plane with the picture plang

~
3
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84 PERSPECTIVE
bacauss the parzgilel drawn through the station,being
horizoental,is all contained in the horizon plane and
nes its vertical trace on the horizon line.
Perpendiculars tc the plicture plane being par-
gllel to the distance line have for vanishing point
the vertical trace of the distance line which is the
prineipal point of the perspective.
The wanishing points of horizontal lines making

an angle of 458° with the distance line are c¢alled

yie]

*distance peints® ( D,D ¥ig.87 )itheir distance from

k.

the principal point is equal %t¢ the distance line,
because & horizontal line inclined at 45° with SF,
forms.an isosceles triangle SPD in which SP = PD.

Lines in the principal

plane have their vanishing

2 2 D
point on the principal line.
‘Q' Two of these lines form angles
of 45° with the distance line,
Fig.a7 one above,and the other below

the horizon. Their vanishing points are known as

tupper and lower distance points®;they are aleco at

the same distance from the prinecipal point as the

Droits réservés au Cnam et a ses partenaires



VANISHING LINE ¢

o
[

station.

Lines paratlel to the pilecture plane have no van-
jshing point. Tt will be shown later on that their
perspectives are parallel to the lines themselves and
do not meet.

51. VANISHING LINE. Through the station SP,Fig.68,

pass a plane IVZ pzrallel to

Z,
a7 a given plane QRM. The vert-
) ;% ical trace VZ contains the
o iy
\\\ S tracee of all the lines
\.“ s .
PN N drawn through the station
parallel to QRM,it is there-
Fig.68

fore the locus of the van-
ishing points of parallels to the plane QRM. This

trace VZ will be c¢alled the "vanishing line" of the

plane URM or of any other plane parallel to it (1).

{13 The term "vanishing line" is usually applied to
& S

e

he peragectives of parallel lines:admitting that the

D
™

cpression "varishing point? is a proper one, the line

V4 cannct be called otherwis

0]

than "vanishing line®.

i

4

Thie term is used here withn that acceptation only.

ral
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88 FERSPECTIVE

contained 1in & front plane and ie reprcuaented in per-
spective by & line parallel to iteeslf,thersiore par-
allel lines which are also parallel to the picture
plane have parallel linez For perspsctives and have
no var.ishing point. The paralle! <o the given lines
passing through the stutinn. beirg parallsi ta the
picture plane nas no trazce o- L+.

Vertizal lines are parzilel ta the pileture plane
and appear ir perspective as parsllels to the prin-
cipal 1ine.

Horizontal lires paraliel to the plcocture plane

Are in peregpective paral sl to the horizon line.

53. MEASURING LINES AND METASUR
Fig.70,he the picture plane,S the station end AR =4
straight line piercing the

o picturs plane at A. Through

[y yrs ohe Fey ET s T =37 ~
- S,draw the parailiel 3V +to
By ;
’ .."- 1 L1 = 1, + kS
T ABL ¥V iz the varishing point

Fipg.70 . C o
= spective and the vanishing
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MEASURING LINE AND POINT 89
point is another one.

Through V,draw VM equal to VS and through A the
line AD parallel to VM. Take a point C of AB and join
¢S,the intersection # with VA is the perspective of
¢. Join M 7 and produce 4o its intersection C, with
AD.

VS and AR being parallel to each other,the tri-
angles VYS and A/ C give the proportion:

vs _vY (1)
ACTAY

The triangles VM | and AG Y/ are alsc similar,VM

Vi UM (23
AT AC,

Hence from (1) and (2):

vs _ M

AC  AC,
But by construction

VM = V3
therefore

AC = AC,

The line AC,vrepresented in perspective at Ay

1
wm

equal to the line AC,

P

i o e d A T Ve e e e
arie wWILn e snis

Fig.71 zhows the piecture p
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20 PERSPECTIVE

7 b 5 S g 3 +
0. The part of the line 2aen in ver-

A ey 4 A E -1

speetive 28t A is equal to AC . On AC, take another
“.

moiEnt DY din + KL oand ) T

20wy Dy join Yo Miand ecall o ithe intersection with

Y 2 g I 7
The lins AD is eczlled

t p < . s T 1 ~ 7
the "measuring line® of AV,

Tt R R e i e i

' af - o & - 3
A M because 11 serves to meanumre
f +¥ 2
] e S s =~ 3wy o =
bhie length of the line in
7
£ -
/J I A

*megasuring

)

o

ig.71

VM was not drawn in any particular direction, therefore

the darsction of the measuring line.parallel to VM, is

u

inceterminate. I% is usual to make it parallel to the

1012

-y

n iine.

o

b

The position of ths measuring point dspends only

on the wvanishing voint, therefors the sams measuring

e

point may aerve for all lines parsilel to the same

s
o
3
Yy
[}
s
ot
C
w3

The seame messuring Lline will serve for zil 1

)
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92 PERSPECTIVE

generality of cases;the dimensions must be reduced to

a4 certain seale in order not to exceed the limits of

the paper.

A change in the position of the measuring line

permits the use of reduced distances. Let V,M,and AC,
Fig.72,be the vanishiﬁg and
measuring points and the

<~m T measuring line of the per-

Y spective AV. The part of

[ EN 4
e S the line scen in p¥ is
equal to BC. Through a point
Fig.72 a/ of AV,draw the parallel

e’ to AC and let us use
it as a measuring line:the length corresponding to
)5{ is #¢ and we have the proportion:

ch Vo

CB VA

Thus the lengths obtained are all reduced in
the proportion of %%%7' Therefore in order to cbtain
at once the length.on a certain scale,cof a line secn
in perspective,it is sufficient to reduce the distance

between trc measuring line and the vanishing point in

Droits réservés au Cnam et a ses partenaires



o

4]

]

§

the proportion of the =

Ve be made the one thous

tances will be obtained on a scale of

measuring point and «o

CALE

&

le to be employed.
andth part of VA, the

1
1C00

M

the measuring line.of a 1line

having V for vanishing peint and @7 for irace on the

victure planz;the new line is thevefore parallel to
the line joining V to the station and to the original
line seen in perspaciive,but its distance from the
station has been reduced to the scale adopted.
Henee, $o obtain the lsngth reduced to scale of
a line seen in perspactive,rednce to scale the dis-~
tance of the line from the statvion,moving it paraliel
to itself in the plane containing the station.
The same conclusion is arrived at in = more di-
rect manner otherwige. A figure ABCD.Fig. .78, forms
with the visual rayse
,
' - ioining it to ithe
' ration.e pyramid, the
= r
o ‘ntovesction of which
L b Ly the pileture planse
- 3o O
o 2 X5
Fig. T3 Let the puv he
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95

SPECTIVE

pi

plane being revolved upon the horizontal

¢ and

]

%

of

[

pargpec-
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e

ia at
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ko)
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26 PERSPECTIVE

by PB, therefore ¥ the intevsection of AC and PB is
the perspective of M.

' \. "é 4th. By means c¢f the pro-

jeetion on the principal

plane.
Revolve the principal
Fig.75 plane around its trace sp,
Fig.76,upon the ground
planeithe station will
come in S, on a perpsn-

dicular toc Sp, 585, being

equal to the altitude of
e the station. Draw M/ per-

pendicular to sw»e’ and

[ye)

join 87 it is the pro-

jection on the principal

plane of the wisusl ray from the sziziion to th

©
el
o
[
o
ot

M.and its intersection ¥ witn #Y is the proje

3

(&
o+
[N
o]
b

. . B R wepierey RN 3 sy
of tiwe werapective of M wavolved upon the ground

. . -
planeg. dein M and 21 775 srect a perpendiculsr sl
i - - ey -~ ~ 5 s +
te the ground linelihe perspective of M ig on that

perpendaicuiar 2% 3 diglance mip  equal to Py, -
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To find the effect on the distarce % from the sta-

tion to M of an errer 4 in the perspective, the

i

oy gy A . g 5 S LI . r x .
guztion (1) must be differentiated; considering @

Ay = e A
fy T f:(,' e ure’,,( (

So the error in the position of M caused by an

error in the perspective in-
creaass as the sguare of

y e the distance!:therefore the

Y S method must not be employed
for points or figures at too

T » .
Fig.91 sreat a distance from the

station.
height of the station
ivgresges:thus 1f the heirght be doubled,the arror
will bhe raduced to one half. Hence perspectives in-

sendad for the rerroduction of Tigurs

)

n
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oy
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piars should be itaken from as great a height as
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23 mornmiste dn deltsremining from the

The projecting plane of
tne line iz reveived on the

ground plane around the hor-

.
s

R : izental projection &, Fig.
.'. *
r. . o 5. The points A and B fail

in & and B

Ed Kl

; the perpen-
?ig, 05 diculars «4d, and 4B, to
Cel being the heights of

A and B above iha ground plane. A B 1s the revolyv~

'3

=

ed live and ¢ 1is trace on the ground plane. The re-
volved trace on the picture plans is at the intersec-
tion of A B preduced with the perpendicular &D, to

edd: it oig revoived back to the picture plane by er-

£t iy nd deseribling an
are of 70, as radius.

THE HORIZONTAL

S T STWTD T T 4 LT ER7 Rat
SOEOTTS POINTERE.TO PIND THE HORIZON-
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A ¥Y{.Fig. 108, 0f the zivon plane on the picture
Lane, find the ! ' the station above the poini
SR cotian o7 tg vertical hy the given plane

{8 %H Y use 1t oas neight of the new station and draw

-

e L H, on the perspective at that

wown that the perspectiivs is the

I P,

figure { Fig.101 },from S,consequently, the precigsion

o

70 Y is increszsed in

it
o
o]
3
i
%
m
0
o
?"J
ot
o~
L 2

ne proportion

o

<3 and the

rr.
et
o
o
s
147
4]
"3
<4
o
3
V.
2]
:4_5:.‘
o
o
5....&
i
o~
O
i
i)
[
\’D
4
L
e
]
o

-ive taken for the purvose of

ey £+ ey - < 3 T4
LOE o’/ ILigare in oan incaine

fda
ge]
o
fid)
=
4]
7]
:é
ot
r—l
joh

#iways be tazker in the direction of the rising planeg;

river at the bottom of a sloping valley should

o
o
o
3]
Ay
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138 FPERSPECTIVE
The height of the station ig the distarce of thece

two lines,Pr . The lirne which

) will appear as the projiec-
H, -
o 8l ~ a3 oy o
7 tion of the principal line
Ved < 7 )
/.tj; r]' ! N s
. or. the zconstructed figure
X - ot i1}
s’ R 7 X
will be tne perpendisulsr

Fig.104 Cn the real ground plane,

istance hetweern the two

e
n

the ¢

prejections or the princeipal line will he equal to pg .

et

favin

g obtained the figure in the plane 2R, izt

b

i3
9
&)

.‘_‘\5

b

take for ground plane the horizontal plane
of p,, the ground line besing XY.

Let ARCD,PFig.105,be the
figure in the plane QR, ¢
the projection of the prin-

cipal line.fR the trace of

the picture plane and s the

! fo

O

t of the statior. The
projection off A on the

ground plane is at the same

xi
e
o
.
]
O
8]

distance from the ground
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& N 27 .
triansis :

LD, e drawn parailel to GR, 2

"3
D
1

ot
[és]

he obtairned in another w

0
2

ters join § Afthe interscetion o with OR is the pro-

d¢ntiorn on 0R of of the perspective cor-

responding to A. Take s » eaqual i 7 g

regponding to A ake S, @ qual Lo s, sec.w znd
!

through # draw % K parallel to QR;join & «. The

Similaw o ; Yir Tive !

ST LAY S 05, 8 x5, Ve,

From the s Tri 8 s e Aowe have!

-
A
-

DL

;fj v Vo ag

54 and e Dy

G440 #BEeC . and Arh ecs ¢ regspectively.we rind
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|4 B R P GE 4§ SO IR N AN A i ERTE A A4 { R § 3 DAL B LI RRANnSE

- \in o a il gt e e o T - . e I - e,
CODISLYUC a0 Yity The 2ayvs aintances anag auyrections

i S s N e .
wili oo rrizontal projection of itne 1Y
the planes QF.

g " ¥ ™I - b T ST TYT ORI *y T e Ao TN TY v
0. OHANSE QOF ZRCUND PLANE AND DISTANCE LINE. Let

4,Fiz.106.pe a point of 2 Tigure in a plane perpen-

diecular to the picture plane and itz paorspective.

j$)

1]
i
<
o
\.—l
=
rd
o
o
s
£
=
s
L.
D
n-‘

Take the plane of the figure =a

sm, . e the trace of ihe assgumed prineip:?

v
-
!
bd
e
3
i

Revolve the principal piane arcund iis trac. on the
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142 PRRSPECTIVE

FIGURE. The mathod 91 squarss t4n oo again employ-
ed in this case Let (OR.¥ig.108,he the traces of
the plane of the flgurse ¢ the round and Tisture

planes,and @lcd  one of

plan. The projecting plune of el in the
traces of QUR in O snd Lithe coviieal oroisetion o
the intersaction of ins

Tl 1 e i~ R
: fiaarougn Lthoe sizaiion
o
. ~ £ v | & . i
Ko 4 Ty draw a carallel o o,
& o i . 2o .
T L rihe horizontal proo
i,
y

Jection is sy pae-
aliel to ad the ver-
tical projection is PV
parallel to Lg  and the
vertical trace,V,is the vanishing peoint of the in-
tersection of QOR with the projecting plane of ad .
The perspective of this iniersection is VL.the per-
spectives of the intersection of the projecting plane

of cé is VK and 21l the

fod

ines required may be drawn

in perspectiva DY garrving distance LK on the

tu
—
o
o

trace UR and jeining iths points of division to V.

o)
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The rercsncctives of the interscetions with the
Ty i oz { F i et 3 L5 i v . Z) /[
sians O ths oroiscobing pianes of a and ¢4

cop obtaioss in e saad lay manner by drawing through

g og

g

gilaon a parvaide. 1o al, #R,for instance,and
.. . R L . !

joining 1hs vanisning point V to R and T. The result-
ing Tigure {Lﬁgyﬁl coprrzsponds,on the perspective  to

the sguare wbed. o7 tne ground plan.

izle to construct a vanishing

seale (% 20 3 20 wp to find the distances of the

various oo.i Ty ivom the picture plane.

:tion,a plane is drawn perpen-
dicular to thse vertical trace of the given planeithe

intersect i« o the lat

er with the picture plane
and the =zimaticn point are placed in their actual po-
gitions nnd the vanishing scale is constructed by
measuring the egual distances from the trace of the

picture plan

go]
)

5. CHANCE OF STATION, GEOUND AND PICTURE PLANE. The
szme result is arrived =i by changes in the relative
ponsitions of the station, perspective and ground plane.

Let QR,Pig.109,be the trace on the principal

plane,of the plane containing the figure,which we
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S = SE+ 1D SF o+ s = SE+S S = 5,1
hevica iret terms of (U} {2 are identical
aed 2 nave .

;

75 a3,

/
777, M

ig trarncformed into:

7 il

! i
! = =
WS f'&:f)4

~ ; . . , o=
S5, w' and awiu’ naving one angle

]
(¢4
)

The triang
equal ard ths two sides about it proportional, are
gimilar ard w2 is parallel to 35 . Conseguentiy o

7

is on the perpenuicularmmio sp-

71 3 v & E 3 B Ty Frae oy
The lire swpme, S, 12 the visuzl ray Irom ithe
3 % 4 e i ! + 7 ~ VBT FY L [
e L DOINT 4L W i Lrne poyaspac
; I
tive = of the plare B, These two
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148 PEESPECTIVE
-reflected imares 0 the some roint.the point cax he

tocated in son

perspactive arng no Tiva of itn reilect
Laah . - s 2 -~

ed lmarre. Ihe horizontzsi wnyrol o+ o 3: Tt »

3~ -§- e 3 - -+ \

both imzges. teczsuse ¢ Face bhelrg ko

the same vertiagl

o 4 - Y ] -
Let s, 50&, Be the refioccted viztal raviac-

cording to *xe lawe of r?fiectécﬁ,the direction of

. s
i IR T Boan fv ooy o = 1% e '
LI Woro fracat at = disnance

S0 is the

equal to ca’ below the refl:
the same vertical.

Produce 2/ to § @ o/ being eoqual to ¢! 55
is egual to s5,. Hence, to find the position in space
of @, ajtake sS equal to s%:join S/, S« and
5 0ithe point of intersection of S’ and S 0 is the

vertical projection of the point of space.

Join ¢« und produce to the intersection with

Droits réservés au Cnam et a ses partenaires



) £ ;
el @ , : :
e ..!\

]
]
[P ;
s

e
o

Y

~ [
-\ )
¥
.,»L.\_, it

S
2
> N - }
LS ” ey
o
3 =
-5 -

S
| .

RO _

) b e
- -

reguire

tak
ERS s

a ses partenaires

b

Cnam et

x

i

eserves au

Droits r



190 PERBFECTIVE

ining

[T
8]
el

]
I
o+
o

J
cf
mn

shadow ig the direciion of the zun
and so s the line Jjoining B to its own shadow!there-
fore these lines =zre parallels and their vanishing
point is V,at the intersection of »a and /2.4 .

4 line drawn from the station to the sun is par-
allsl to the first two,becsuse it iz also the direc-

tion of thz sun;therefore V iz its trace on the

picture planc or the pevspoetive of the sun.
T T fall Vv pernendicular to XY s iz,
ov ine ground plane, tho
.
J diroeiion of the sun. Un
L i ;
7. Al 7
< b ine norvizon lino- take
squal to Sy and join FV:
R
7Y peprescnts, revolvad on
. the picture plane arcund V.
Fig.1l1l2
g tyd raving i1ta ver-
ey the statiaon anc VO 238 opposits Thera-
fove VPO ig the altitude of the sun. Having the surn s

Lat g azimoin of the linc s of ths ground
se gatewlated.provided the latitiude anc
i e Rime mTe SO
Flg o LlE rsprasinis the sun in front of ths
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SHADCWS 1

[&)]
i‘“

obszerver. When it is behind,the line between the

stztion snd the sun 4does not pierce the picture plans:

i
ot

nas to be produced to intersect it below the hor-
jzon Line. The tracse of this line on the vigture

plane V,Fig.118,1s8 5+t111 considersd az the pergpec-

ed inn the same mannsgr &8

[
[17]
u]
o
g
o
ot

tive of the suniit
when the sun is in front and all demonstrations apply
to one case &8s well as to the other.

The caleulation of the azimuth can be made Ly
the method given in § 87 for the solution of gpner-

ical triangles.

P
sonstruction given
5 =
o — S 2 ahove,makse BVO gaual
s ! A
: b to the solastitude of
A . cinr
o the placs and FVA. to
e Ve
ir = ] -

. e the polar distance of
the sun. Take VM sgual
to VE and from £ and ¥

Pilg.1is sz cerniers with CE and

¥ respectively as
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DT

: S | P ‘ T oo ey b i 3 R S e
RO el e avas of duin thely point of
. . R 1 s EN 1 - i Sl | P b e
t s s AT Y Ay BT it o L Thng

lotted

g zcale in the aame manner as a vertical is

‘vided into egual parts { § €0 .

x and «, Pig.1ll4;being the per-

horizeontal projection of a point,and s

2
+
e+
s
&)
n

taticon,draw @F parallsl to XY.
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coirveide with & division of tre gozie.d for imsitnnce
then turn round tho MU ARG e o) Sodigts E
EL' ! e 'a_ 3 .34;‘ g

tr the paol i : :
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CHATTER 11i

Many instruments hove o

. » o Yeur LY 2 -~
[ st OYVIOE 5}}, Eﬁecﬂanlcal ar
Y F

. By v
y the wire
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BB

5]
o

the gtraizsht edge carries

the pencil with the hant and placirg nis cye at the
eye-hole,he follows with the pointer the outlines of

the subject,by moving tre straisht adge in the prop-

er direction. The percil reproducing exactly the
motion of the pointer,describes the cerspective on
the drawing board.

The plane in which the pointer moves is the

picture plane,the eve~hole ig the staticn and 1is
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180 PERSPECTIVE INSTRUMENTS
without any effort.
The centey of the vupil, @, Fig.11l8,is the

S . U Y S PP TR : 12 A4 4
stetion noint ol the DOTSTICLVIVE aravwrn 1n ro.and wne

heisht of @ =2bove the nlare of P is the distance
line. 2ut,tihie subjecti 17 looked at directly from a
would net aprear 2z vorprosceoted;it would be negessary
to move ths eve to &, virtval imare of @ with refer-
ence 16 the two reflecting surfaces of the prism.

A well constructed camera lueida is provided
with colored glasses.tc sgualize the brightness of

the images.

o0

S. CAMERA OBSCURA. A camers obscurs,in its sim-

-

plest torm,is a box hermetically closed to extrane-
ous light,except that coming through a lens placed
orn one of the sides. The opposite side of the box

weing in the focal plane of the lcns,an image 1is

formed on it of the distant objects situated in front

Meking abstraction of the errors introduced by

a1
i

ovissg, the image of the camera obscura is a true por-

it is the same as would be drawn on &

siurn vlane npigced in front of the lens at a

fu.
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164 PERSPECTIVE TH3TRU

From the trianglos S5 M and Gﬁ,i,aise ginilor,

we o nave:

G, K3

\_7‘1‘

ETEQ,
§3 0  s5,
W }f, i [H'I

But, oy eonstructlicn, §% 13 egqual to §5 tharefore

C-lu- = O I‘IL{
This property furrishes 2 new :ethod 'or con-
gtructing a perspective. Take on the ground plan.Fig.
123, s3, parallel tc the greound Lline and squail tc the

height of the statien To find the perspsctive of =2

point M of the plan. join sM

e and S,M,which intersect the
o gw e :
o \d{: . 1 ground line in 0 and g, . On
X 0 B’ : ’
i _,/ ‘.\’
S another part of the paper,
’

draw the ground line of the
Fig,123 . AL . .
perspective,XY and take on

it a point ¢ to represent
the point G of the ground plan. At 0" erect Gfé rer-
fF 1
vendieular to XY and egqual te OF, ; 4 1is the perspec-
T 4

tive of M. Owing tc the position of the figuve.the

Droits réservés au Cnam et a ses partenaires
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PERSFECTOGRAVH 1867

ective appears upside down.
The perspective of anotner point,N.of the ground
is ohtained in & simiiar manner,by taking 00
to OO0 ané Qv eqjual to 9Y.
This s done mscharically by the perspectograph:

5, M. Pig. 124, 8re two wooden arms jointed in M

fe

arrying the tracer. They slide through lour ad-

blez pieces.,s § ;0 anc w«, @ s and § can be adapted

i

H

v part of a vrule RT. J is fixed at the point of
rournd piar representing the foot of the station
he rule or siide FT is Tirmiy fixed to the draw-

oard,carallel to the ground line. The second

ce.8  ,le placed at a digstance of s sgual to the

Droits

Wt pf the station ard fixsd in that position.

The third niees,0.is fixed te 2 rod whieh moves

in *he groove of a slide

¥y so *hat the distarnce

From O to 4 1g invari-

¥

able while the

k 2

réservés au Cnam et a ses partenaires



1688 PRRSPECTIVE INSTRUMENTS
inatrument is in use. When the arm sM is moved, ¢
being & fivxed point.C follows the motion of the arm

and carries with it aleng the groove XY the moveable

>}

rod and the pantograph system.
Tne fourth pisce Mo is connected with the joint

& af the pantograph system, se that the distance u A

A}

s invariable during the operation;it is also bound
te gliide on the moveaable rod:

The pantegrapn system,is composed of four

atraight arms,éﬁ.ac,ﬂu and ﬂml and two arms CDE and

i, bent st right angles in D. They are joined in
w, P and G, bhe sides of the paralleslograms ARDC
2nd DOFE being all egual. The arms ﬁ# and Eu’ ares
double the length of one side of the parallelograms
and the pencil wnich is to describe the perspective
may be placed either in_ﬁ orfﬁ.

The sum of the four angles at D is equal to
four right angles:two of these angles,CDE and BDG,
heing right angles, ine sum of the two remaining ones
wmst be sgual to two right angles; that i3,

- ChB + RDG = 180°.

grem the sum of two adjacent angles

Droits réservés au Cnam et a ses partenaires



PERIPECTOGRAYH
is equal to two right anpgles,tihat is,
CDE + DCA = 1800

hence

EDG = DCA.

1389

Therefore the two parvalleslogramsy ars sguisrngular and
1 & 4

their sides being eqgual.ihe garallelograms are equal,
g ; &

but not placed in the same direction. The diggona

DA of one is equal to the diapgonal GE of the other,

angles,and 1t passes through D, becauss B 18 aqu

and parallsl to GD. We have also

It is now easy io understand the working ot
instrument.

The slide XY is placed on the
rather on the line representing trhe trace of the
piecture plane on the ground plan. ¥hen the tracer
M is moved on a parallel to XY, the arm Ms carries

with it the moveable rod and the pantograph system

Droits réservés au Cnam et a ses partenaires
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PERSPECTOGRAPH 17

ot

Drawing the iracer away from XY.but in ths Ai-

rentiorn  $Y¥, i, aepavaitass Irom U,and J moves dawnd

T . ~

oy nne Lo Oy
.

tra syound T AY ana

3 5 a3 - -
Sow 10 M Le plaecec on of the o1
4

. 5 v e . ™ : 3 e T T S A A

niat, t narvondicutar T to XY will be carvied away
: J i

- . =53 i PR Y v A ie r y . =

e gane distance as the voint O.and # will ke at =

digtance from XY egqual to trnoe nsw value of 0L

[
TH . ey g e S T § e P21 + 3 AoV Tqu;re:,‘,
Arie i:;l"ul SCTIVE 1B GOoWY. L Q3 uh‘{{ﬂ L GINAaY:

naving to place himaelf noar M for guiding the tracer

The ond i of the arm Fu' describes the symme-

trical Tig

image wnich
sould be geen in a mirror,but were the [ixed poinit §

/

would desgeribe the true

T
)
&
o
[47]
L
et
P
et
o)
]
e
fL)
]
o
&)
Lo
N

perspective, the divectiorn of the motions mf(u and ﬁ'

frem one end to the other

in Fig.124 can only Work

-
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possible to place the slide XY on the othey side of

@

£y - + - - P
7,80 s: o work on

and the station.bud the ohilgy

£

other, | from the right to the leti of & on the

figure} and the perspective from one side of the
ground line tc the other. The pencil is at the same

time changed to the opposite arm of the pantograph

The sliding rod XY may be reversed end for end
in its groove,the pantogzraph sysiem ﬁoming on the
opposite side cof the moveble arm Ms. The pencil does
not reguire to be changed,hut the arm bearing it, u

for instance.instead of being between BT and XY,will

]

now he on the other side of XY.

(

A scale mast he drawn on RT, the zero norrespond

Droits réservés au Cnam et a ses partenaires



§ -

iece

P

1o
E

in

the slid

Ty
g

TCGRAPH

A
4

er carrie:

t

g to the poin

ing

o o w
e o p
- ot [
L ot i
& W a ) a 0
+3 43 3> ] e <3
-l li8 o N
3 [ et b -
~ o D 3 m e B
@ N R s a3 ) ol
12 + o L 3 et
+3 a3 (1}] fo W
Gt = +2 s £4
@ = &) 1] i b
— @ wed o wa, apet I oy
7] 2 [s)] w £
st £ -t £ b @0 + 42
o Ui &) Ry W W = =
o] o " g i 4 o) G
o o o L £ o~ o f i
+ - o o b £ < i
i my 8] “rd & i o ) G i
&0 ¢ 4+ e o B la) e et
orme & ~ B w0 [N Che & 22 @
iy < + 0, & 0 oped 3 [ &
43} s O 5 Sy @ o] o
(e} ot O ., in 5y o o s -
4+ o ¥ G b o ol o [ s
- @ 47 ¥ I o K & A
w =i¥] Lo @ b §24 ot oy s g 0 o
o1 < [ < +3 Gy .n RN
o et s @ O © o ¥ ] 4 P
© ke T3 - h A Gmi L) = o £ ol
+2 e < 2y +3 C +3 4 s k= fw’
®o 2 @ O e w o
()] U (wh 3 ) G a & 14} =3
u < G o 4 el @ P~
o 4 44 = ] o @ 3} G @
) £ & ) 4 D o % Ko P €. ta
- + - & v £ 1+ g [ -
o a o o GO el ) A o
Gy ) o] i e ol 42 o i
o O 13 o] « e ¥ >
= S @ @ wrd ko o] i o
P Q -~ A ] & te! + = iy}
@ - e £ P “ ) e
+ (74} o ol O [ &l b
= - = +* £ = +3 43 A2
W s b o 4] B o] w0
£ o e A2 v a S i s P
+ 1 o] w i sy U it = o

Ires

rtena

b

a ses pa

Cnam et

éserves au

i

Droits r



PECTIVE

I
e

i W

PT

nlt

8

;2

neyr

i

w
L
e

m

rectly.

i

1i

P
ot
e

1

t
ey

™

a ses partenaires

b

Cnam et

x

i

eserves au

Droits r



.
S

[

o)
o]

-
L

when 17

th

W5

n

i

"

et

Ires

a ses partenai

b

Cnam et

x

i

eserves au

Droits r



Vi

1

YRR
FERSFFEOT

W

T

-t

o
= v
+- =
! 3

T =

o [

&3 a &
= ;
= 5

=

&2 r~

Q o}

3 e
E &

% “ei

(V]

e} o

o ]

& i
o g
&
a»
i
+0
e
-y
e -
o~ B N
L p 3
t p
€2 !
[
Q
s
B
..H.

=

G- ,u

ja

o
= e

() : ni

._l“ - ,\\w_ ~ an

+ ) ‘ N T

mrey

i

{

-

IR
£

4
L

LRI

i4!

;3 trume

Ires

rtena

b

a ses pa

Cnam et

éserves au

i

Droits r



DETERMINATION OF CONSTARTS 177
s front line of which the distance isg known upon the

4 ry R Y g s v
corressponding one of ithe drawing Dourd.

"}

m
Es

<&
ke
i
&
|

¥
B
U

ISTANCE BETWEEN THE TWO SLIDES.

i w

4 o e N P ot s ha Semdd amte
distance line of the perspective:it must be indicatad

the

i1 order

$0 loeate the zero of the grsduaticn the preecise dis-

ot

rance hag Lo be determined in ons position of the in-
strumnent.

Draw s Tront line AB:

\
e
R
-
Y,
-3
el
o
el
[
ny
@

tracer

Hy
Foed
"
el
ot
s
oy
=
=
“P
iy
4]
oo
'—n
o
o
-

7 R
it e

marking in each casz the

= Rz positions & and occupied
by the pencil. Let < be the

gslides

jm ]
ke
n
Foad
4]
s}
o]
0D
ok
O
o
-]
@
[43]
3
b
o
v
e

and 77 the disiance Trom & 1o ABlwe have:

Fio AR
A% baing a front line,its persrective gy gy 7 par-
- - i i
. , _ . L. - e
21101 to XY and sgual to 00 ;congeguentiy’
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i80 PERSFPECTIVE

) g a1 Loaer 5 i b - - — s - -
of the station egual to twice the distance iline. The

similar triangles SoM, Api givse

Foliowing then with the iraccr the Iront linc
drawrn on ihe board at a distance frvom the station
gguai 10 itwice thes distance line, the pencil will de-
gseribe a horizontal line midway baiween ihe ground
and horizon lines. One half the neight of the station
is now measured on each side of the line so obiained
and parallels drawn to it. The line nearest to the
front slide is the ground line,the ciher one is the
horizon line.

Processes similar to those given for the per-
spectograph can be employed for the other parspeciive
instruments.

With the camersa 1ucida,however,pariicular at-

tention must be paid to the fact that the station is

10t the same For the direct and reflected rays § (88).

Droits réservés au Cnam et a ses partenaires



CENTROLINEAD 181
Although the fact has no importance when drawing the
perspective of remote objects,it would if not ailowed
for,cause considerable errors when the subject and
the perspective are both ¢lose to the station.
96. CENTROLINEAD. In addition to the instruments
already described; others have been devised merely teo
facilitate the construction of perspectives. They
are not properly speaking,perspective instruments,
since they do not enable the draughtsman to draw the
rerspective directly.

The vanishing point of a line nearly parallel to
the piciure piane being a2t a gresat distance from the
principal point,may fall outside c¢f the paper,in which
case special constructions are nécagsary to draw a
line which,if produced,would pases through the point.

The "centrolinead®" permits to draw a line vanish-

ing at any point,no matier how far from the principal
point. It consists of a straight edge, (Pig.120 )
with two arme whose inelination to the straight edge
can be varied at pleasure. Two studs six or eight

L
inehes apart,are fixed to the edge of the drawing

ooard. The arms of the centrolinead being placsd in

8]
i
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i84 PERSPECTIVE

It is nai usual to disturb the studs, the changes
in'fhe distance of the vanishing point being obtained
by altering the inclination of the arms of the cen-
trolinead. Wers the arms perpendiecular to the
atraight edge.the vanishing point would be at in-
finitum and the instrument would describe parallels
to the horizon line.

Llosing the arms gradually,V comes nearer to AB;
when AOB becomes a right angle, the intersection of
AR and HH’being the centre of the cirecle the distance
of V from AB is one half of the latter.

Closing again the arms,V continues to move to-
wards AB without ever reaching it.

In reaiity,the studs are not mathematical points,
but cylindersithe direection of the straight edge is,
however. the same as if the arms rested against the
axes of the cylinders.

The direstion of the vanishing point may be
given by a line of the ground plan or by a line of
tho pzrspective. In either case,the arms of the cen-
trolinesad have to be set to correspond to the vanish-

ing point.
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CENTROLINEAD 185
In the first case,revolve the picture plane on
the horizon plane around the horizbﬁ line as an axis.
The station comes in S,Fig.
\ 131,SP is the distance

line,A and B the two studs.

Let SV be the direction,of
the given line on the
Plg.131 ground plan,V is its van-
ishing point. Through A,B
and V,pass a circle;tﬁe centrolineasd should be set so
that the straight edge being on DH, the arms should be
on DA and DB.

Join VB;the angle VDB, inclination 5f the arm on
the straight edge,is equal to the angle VBA, because
they subtend equal ares. Join CS and BS,and draw Mc
and c¢v parallel to AB and HHEjoinlﬁV. By reason of
the similarity of triangles, 2» 1is parallel to VB
and the angle

vlbe = VBC
Therefore place the straight edge on MEB, the axis of
rotation on /4, and adjust the left arm of the cen-

tvolinesd to coincide with ¢&»v . The other arm may

Droits réservés au Cnam et a ses partenaires
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188 PERSPECTIVE

Py sy pideewsdain to P the points of division 727,
PPy P . part of those lines intersect AD and BD at

#3&; 1] % ec.... The corresponding points are joined to-
gether by lines which are parallel to AB and DD

The instrument is now placed on a perspective,
with P on the principal point and DD on the horizon
line. The ground line will fall in XY, for instance:
it is divided intoc equal parts by the lines con§erg~
ing in P and the figure of the perspectometer is the
perspective of a network of squares in the ground
plane, having the equal parts of XY as sides. By re-
ferring to § 85,it will be seen that the construction
is precisely the same in both cases.

This instrument is useful for restoring from the
perspective a figure of the ground plan. By placing
it on the perspective the squares covering the figure
are at once apparent and only those required are
drawn on the ground plan.

The side of the sguares is equal to the length
intercepted on the ground line between two of the
converging lines:this distance is laid on the ground

‘plan from the trace of the principal plane and par-

Droits réservés au Cnam et a ses partenaires



PERSPECTCMETER 189
allels drawn to the trace through the points cof di-
vigion.

The front line nearest to the ground line is
laid on the ground plan either by estimating its dis-
tance from the ground line or by construeting it: The
egtimation ig made by noting the fraction of a
squars’'s side which represents the distance from the
grourd line.

Figures in planes inclined to the horizon but
perpendicular to the picture plane are transferred to

the ground plan by placing the centre c¢f the per-

{X

spectometer on the principal peint and the parallsil
lines in the direciion of the trace of the inclined
plane on tiie picture plane. The itrapezoids of the

ingtrument are the perspectives of squarss in the

ot
=
o
e
¥ 5.
=3
[43]
£

lv,\-j
bt
4]
ot
0
£
)
=
o
3 T’
Lt

W

quares are projected as rect-
angles or the ground pliane { ¥ 77 }. The longest
sides of the rectangles are perpendicular to the
pieture plane and equal to ths length intercepted
between two converging lines of the instrument on the
trace of the inclined plane. The shoritest =sidss are

the projections on the ground line of thsss
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192 PERSPECTIVE

b}

inversely the new height of the astation being the
former distance line.

With ths camera lucida,the prism must bhe fixed
permsnently so that the heignt of the wirtual station
/ _
8P, Fig.134,above the plane on which the perspective
is placed,be egual to the distance line of the per-
gspective ( § 82 ). As long as the lat

ehange, the prism

N must remsin in

the same posi-

NSy N tion. The per-

g

viwiugl siation

P Y N + - B o 1 o4
To trie pyincipal t ¢ the perspective be psrpen-
£
3 - 3 I R, B % P - . 5 p! S
cdiculayr to the ol ST the b %z o drawing board.
The ground o ig on A po orim S E ymarailel
£ Lo T
S ey ™ - - - - h e - .
4 the plans Eanie, san e moved up
" e 4 - -~ . = o d .
2 AW, [ ? B piacoa 1%
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plane.as

salarly for topograph-

' the lines previocus-
( § 92 ). Taking M with

sz 1o Tfollow the lines

0 ne wiih the ftracer w. The opesration
E | I
belng preciscty ine & as for drawing the perspec-
tive frox plam ¢ % 88 ) it is evident that
.
the nencil 2 0 onow raproduce fthe ground pian.
o - wLils g- hs [ R
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g 138
jonld introduce,
e 1 B 5
tne Lok 3o zame

direction,away from XY for |

draughtsman comce to & part o0 a line or curve

ig adirected towards XY,hs shiou

1

3 baock o the other end of fro oo

vhie oppesite direction.

The poszition of thne norizon tinsz H ¢f the per-

spactive,Fig, 138, varies svery
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o s i i Pt by
i e i o sen of SUAYSs Lo e oLners
Tivies B LarRSd Ch 3 %
sy dictanicess Yror, L. Jool of th
B O o PP s N IO 41 P 3 aye s b .
cose seciior paprer ig Tinned to the board with sone
- T O J [P - o R T -
unon the frornt lines of the board and a
ot the trace of the
.

RPN B
PRH LI TNGEs

-
[

“

111 1
the gtstion is

nerpendiac

[

foot of

> the papcer forming

-

prireipsl
Tre from ths
of the front lines of
this distance,with the trace

marked on <
idez of tithes squares:
principal plane permits to transfer to the

ral ground plan the portion of it which has been

]

the

ochtained by the
scale is changed, the distance of the
Thus if
the

When ths
front lineg should be modifisd accordingly-

perspactograph.

front line marked 10 on
of 5

4, the

= ]

p be doubls
g heard will coerrespond to a real distance

the so:
drawin
24 ghould be so marked on the parer.
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CHAPTER IV

FITLD INSTHUMENTS

1902, ALTAZIMUTH. The insziirueents used in the fisld

on CGansdian Photographic surveys consists of zn al-

k.

tazimath and a camers.

The altazimath is revrescntad in full size on

b}

Flate IV.i1 1s ma: by Steinneil S6hne of Munich. 1

ol
[44]
o

jord

peculiarity is the tolescope.which is

e i
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208 : BIELD

The wires are n viscos in PFoeuas for distant

nhicects and thes dravw tubes of tne telagecore fixed per-
manently by the serew vrovided Tory the purpese.

bl
it
"
Xl
o]
.‘
e
i
]
9
IS L
™y
o
.
=
0
-
g
=
i
b
I
P
(p
i)
1]
n
(13}
o+

Ix

1COpe
o a dietant object and turaed round in its beavrings.
The wires must be adjusted until their inter-
sertion remains cmﬁstaéi?y o tne same point while
the teleseope offects a complete vreveolution. The op-
tical axig then coineides witnn the axis of figure of
the talescope and the point sishted upon is on ths
same level as the irnstrasnt. i the ceollars of the
telescope have the sams dizamsizr,if not.the altitua=
of the point is sgqual to Lo inclination of tn: op-
tice’ axis,which nas bezen messured.

Now replace tno prizsm in front of the ebject
giass, set the telescope on o distant point and re- -

Th

verse it in Its bearings.

s

vertical wirve will pro-

k]

bably not eover again ths ssne pointicorrect o half

O
=
U]

uf the difference by the =adjiu

o
-
W

i

:ting screws of

tior urtil the pointi

e
%
-~
l:;:i
H
e
ot
s
o1
(]

he!

6]
]
ot

the oy

1gEra ig

vertical wire hoth pefores and afier

o
[N
"
f4))
o]
o+
o)
T
(5
P
[ d
'y
o

roeversal. The iine of

is then parpendiculn

"3
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PHOTOGRAPHIC SURVEYING.

OF

PHOTO.TGPOGRAPHICAL APPARATUS

THE GEOGRAPHICAL MILITARY INSTITUTE OF ITAL

PLATE IV
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B8 O oDTALTN 8 owmpists W1t
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« 1T o1& interdled to be 4 alons,all

ian baing itaken

This instrument

aed and amployed prin-
cipally for making slans of

tuildings, for it may

be well adapted. Por topo-

gravhieal purposes,a sep-
for measur-
2 viggagsity,
so Dr.Meydenbsusr's camsrn
gould not be used alone,as
intended. With ths two in-

atruments, the graduated
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214 FIELD INSTRUMENTS

107. LENSES. The choiece of the lens is of greatz
importance;no satisfactory results can be expected
with an imperfsct instrument.

There are several kinds of lenses emplioycd for
landgcape photography;some conzist of a single achro-
matic lens and others of two combinaticns,zither
gimilar or not.

The single_or iandescaps lens does not give sor-
rect perapectivesiif,for instance,parallel and per-
pendicular lines be rulsd on a sheet of paper =o ds
to divide it into squares and a photograph taken with
the paper psrallel to the sensitized pléte,the image
doss not consist of squares,but is a figurs sithep
gpindle or barrel-ghaped,according as the diapnragm
is behind or in front of the lens. In vhotographing

a subject with sueh & lens,
J

arg %thoge in the principal

Plane;the perspeetives of

ninerT vertiesls are curves

more and more inclined sg
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of Tranesis and Hermaglis,
3 ’

inn %the curvas and kinds of

employed.

To anderatand how ths distortion is sorrected,
the double combination may be suppoesed to consist of
twe single Jandscape lensaecsg, baitween which the dia-~
phyagm is placed. The Tront lens.having the dia-

vhragsa behind causes a gspindle-ghaped distortion

gnieh ig countsrbalanced by the barrel-ghaped dis-

J

fat
[
i

tortion due to the bhack lens having it

5

: digphragm in
front. This must be taken only as g rough explanation
gf the lens;a doubls gouxmbination does not consist of
twe landsgaps lenseg.and the corrsction of the dig-
tortion is obtained by ealculating the curvature to
be given to the lenses in order to produce the effect
dezired.

In the "rapid¥ variety of this form, the distance
hetween the two combinations is about equal to their

diamster, the diaphragm being placed in ths middle.
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CAMERA 217
myig srrangement permits the uae of & large aperturs,

the lenz obeing what ig call-

. TNy o o3
cd 2 2. The de-
£ e d A e et e s s h e
eenigion, good ot tns coniva,

Ancreases rapidly ftowarde

i T the mergin of the plate anc
ceari only be improved by tae
use of small diaphragms.

Any point near the centre of the plate receives
the light coming through the whole of the ilens' open-
ing,but owing to the great distance between the two
sombirnationsg,part of the light is intercepted by the
meuntirg whea *he point is n=2ar the edge of the plate.
Trhe result iz & rapid decreaze in the brightness of

the image from the centre to the adge,which can be

&

iler stiops-

Fig. 142 represonts Henry Hermmgisg' PRapide
Rectilinesire® lens with attached diaphragms.

In other lenses construeted on the zame plan,

w1 1

sho Aistance beitwssn the LwWo combinations is raduaced

mora oy leas:thsy ave dssignated under the general
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218 FIELD INSTRUMENTS

¢lese to ths lenses, their diameier has Lo be ragwy

0
@

o

g0 this Torn is slower than the rgpid resi.ll
On the nther hand the dimiroticon of fhe diztarncs

hetween ihe two combinsticowns ecsusss 5 w0

digtribpution of the lignt over fne pliste, the brighis-
ness oo SIa
ing g% s2pidly as in the
rapid o ar. This

graster distance Tron the

centre:if & rapid recetilin-

FPig.143

eayr and a wide angis e
gstopped dcown to the same aperiure,it will Lo rfound
that the latter will give good definiiticn over 8

iarger area than the formsr;it will cover 3 Zod

Pt o L

rlate, hence the name of wide angle:

Fig.143 represents Dallmeysr's wids anzle

¥

with rotating diaphragm.

Comparing the defecis and sdvantages of the
verious lenses, the wide angle is indicated as the
lens for surveying purposes. Rapidity is unnecessary

but uniform illumination and definitign,in whieh the
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LS 5 pemm e B
Acoompanying the camera ore 51X GOUDAS

Lty
.
-
L)
S
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e
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M

e
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W
o
Mﬁ
y
Yo
W

containing one dozen el plates. The ¢

wolders sre nwsbered from 1t 12.

109. USE OF CAMTRA. Hgving sot up the camera on

the tripod and levelled, the survevor turng it arounc

smtil the lines on the upper face anhow him that

s
o
w

-

rroperly direcied. He then leoks along the lines of
the other face tu sss whether the viaw will veach
nigh or low enougsn. If not.he pute the longest di-

mension of the camera upright.if neot zlready in that

L’;‘

gitl

st

P on. H2 now imsarte the plate holder and draws
the slide,aftsy raking sure that tis cap of ths lens
i on. He levels again and takes off the cap- The
exposure sompleted,he puls on the eap introducss the
slida and withdraws tha holder.

The views are slwavs taken with smellest stop
they are perhape not so brilliant as with a larger

stop,but tha details ars finer and that is of more

imporsence for gurveying purposes than artistin

ETERMINATION OF CONSTAN

1-~i
UJ&
o
ot

THE CAMBRA. There is but one adjustment for the

s
&
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gganring with 2 szezle From ths {lange of the lensg

has

Ine plate should be in ths focal plans of ths

lenzithne %tesy ieg mede in the ususl way wity
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ot
&
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n

frrd
4
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10t gatiafactory varion Apedient® may De

Py a % s I ] o . 3 3
regsorved to for moving the lers niil propar defini-

tion 1ig obiained.

The principal point and the horizon znd prin-

£

cipal lines occupy the same pesition on ail the pho-

tographs taken with the surveyving cameraiwiin the

LG
distanee line.,they are the constanis of the samera.

| et

The distance line is the esguivalent fcecal lengih

o7 the lens or.moreg precisely,the distancs from the

geccnd nedal point to the sensitized surfaze of the

plate.
The prineipal peint is the foot of the verpen-

dicoul

"

r let fall from the sscond nodal

the

o
>
bt
1
ot
‘nla
Q

3

surface of the sensitized plats:the horizon and
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Theve grs sevarsl oeinods for dedfermialing wne

fpeal length directly,but unisas 1t de intendel L0
. % > - 1 o . e Y
=lot from the negatives,ine determination should be

made from 2 print similar to thoss employed for tha
construction of the plan.

A print is seldom egual in size to the negative:
gither it contracts in dryving or expands in mouniing.
When the contraction or expansicon isg uniform in all
directions.the figure of the print is similar o the
negative and therefore correspondg Lo the persds
on & plene parallel to the real plieturs plane,for all
perspectives on parallel pieture planes are similar.
The real victure plane to which the negative caorre-
sponds,is the first focal plane of the lens or more

accurately,a plane paralilel to the sensitized plate

at the same distanee in front of the firs

S

nodal
point as the plate is from the second nodal peint. &

contractaed orint corresponds 1o 2 picitures plane nearsa>
t T ¥

A

to the lens and consegquently to & shorisy dlstancs

line:an expanded print tc a more remots niciure mloane

3
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the points meagured.

viiien s the foecal lengih of

tne lens,is elready approximstely &nown, &
. yaluwe.and the altitudes
of the points,; the heights
- ! .
. | e .
e _f? e 0f the psrepectives
\ N
i -
i . a2 O v b el T
Xy iy} s {Fig. 1453 akove or
a pelow the horizZon line

¢ar. be galculated. Lay-

Fig.1l4ad ing them 'rn an approxi-

matsly vertical direc-

[F]

tion in o, &4, ye... ..., determines an approximate

5 - "
hcr;zmn iine HH.
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i_g 4 o until gaeh of ithes pointz

“ ; i, b0, c......colneides with the
L Line repregenting iis dives=
"
tion. Mark the pozition of
N L ths sxtremiilies of the
Fig. 146
vaper's adge and draw a
line through ther. Thiz lire
is the traceg of the piecturs pizne on ths horizor

pilane; S being the sisticre.
Inztead of conziructing the disisncs 1ine,ths
polar so-ordinates 48 = fand w48 = « of the sta-

tion 3 {Pig.147) wmay be caleulated. The triangle a/§

Fikraw *
b*l—uql
, v/
r i / f, - el {1)
et ’
i Ui ix the sgquaiion in
o RS
o poalzr co-ordinates,of the
eivcle dgseribed zbout
L4
- 2 . -
Fiz.147 and /# and coentaining the

angie M,the origin of the
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smong the ordinarvy plates,the slow onegszs will

give L

gvenly =oszited and 20low a8 very great latiitude of ex-

ghould ba contimuous, from

nenviy glear glass. Thas plates

ith 8 long exposure snd 3

grazt ymumbsr of fiuns

of wariousn wioods asve madse ppsarance. In g

siry.nothing ketter could be dssired;
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258 PHOTOGRAPHIC OPERAT!

hair brush. The holders are kect acerup

o

At moticn wounlis

from duzt inside:oth

oy holdsy Bre insoribog

enrnere.  Pigures writisn

®¥ith a goft psncil on

davelopment and

1i2. EXPOSURE.

b
L47]
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o
s
5
o
]
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WHERY 2 s galns
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tivgy bhe opacii

4 wime somes whan no Light ie geenttna opaciiy then
5 % A4 [, B R T T R A L 3 e v o 3 4 -
ivdicatas the nrighinsos of the ilamage. The greatr as-

b

o T T N T - N P himem g 4% [— o e
variage of thig photomsier is wnsl 10 meRouves g% the

sgme time the influence of the iast twe causes of un-
sertainty in the time of wxvosura,the strengin ol the
iight and the naturs of ths subleet. It is cpen to

t#o chjections.

flumensed by the light itsel? mud woet gpreers Opngad

at one Sime would ke trangiuveent under oiher ol

¢

ditiong without any

imags. In the geccnd place tneg instyiua

the intenszity of ithe luminous raysg and indicaies a

H

vlonger exposure for blue than [or yellow 1ight while
the reverss ghonld be the esze. However, the inefru-
ment may render good service,particularly with O~
thochromatic plates.

The nature of the subjest variss littie in pho-

tographic surveying;it is aiways a distant landscspe.
el £

The exposure should be timed for ine sdows. and
those are more or less denes. A deop valiay in the

ghade will reguire & longer exposure than a wide one.
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5# the plate.and will obtain with it, results superior
to any o Sfovmpula would give s PO

usae his ov
AT o € - 3 . " T -3 3 P, .
Negat for enlarging should be clear

by elearing

iong are objeation-

able. ¥or thic reascrn,aydrochinone was adcpted

Ay
i

3 N brgd P 1 "y 1
davaeloping . T ievelopsy iz composed as fol
:

4 b "

nite of sods jerystals P ©
1T ~ 5 . )
nyePEconinine 1.2

U - £4 =

CHGLBTIe Sousd .8

bromide of potassium sccording to
the appeszrance of the plate.
The negatives,if sufficiently exposed and brought

out without foreing,will be composed of pare blacks

N

nd whites without any coloeration. They are fixed and
waghed as usual and are wiped bsfove drying,in order

to remove any deposit which may have formed on the
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WS thted. e yuunDe T Wl plate airgasy in-

5 Yoy 3 e 2 ey et H Zamis 4w 1 . 3
seribed in pencil is now writien in ik in ine margin

2o as to print with the

end stored in envelopes

ifiec

-

£l

]

(3
w2

114. TBNLARGING. The print carn be made either

the ocither hend,measurements are tekon divrect on an

(]

enlargemsnt with a preclision which would reguire the
nse of a miecroscope on the contact print; the enlarge-

ment alsc affords room for the consgtructicn lincs

print.
In so far as the perspective 1s gonicerned, an
enlargement is the figure which would be obtained on

a vlans parallel to the pieture plarne but at =

vt

greater distance Pyom the stationithus if a per-
spective De enlareged twice,it will coprrespond LG &

piegturs plane wiih 2 diztencze line double of ihe
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12 camera doesceribed above,
the snlargement makez the distance line one foot,

wnich represcents 20000 fest on the ground plan

—

i scale — 'g_‘UUUU

Pogitive bromide paper is emploved and the en~

largement made with & copving lens.in ovrder to secure

good detail. The prints are developed in the usual

manrer.washed and dried and zare then classified in

(54

O

crap bocks,with pages properly numbered.
The egsential conditicen for a ¢orrect enlargs-

ig that ths nzgative be parsllzl fto the sassi

O
3
e
&}
s
o
O
w3
=
':_J
(4]
s
D
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D
Vot
bt
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=
ot
Bt
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)
jo )
n
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hiourld be put wp 20 28 to fulfil this

U'J

romlif onnt.tt mey be vrealized ams followsi-

a2toe

Exnose a plate t¢ iight and develop 1t comp!

5y

;_..

Lyodark. ¥Hith oa Tins point.draw o sgquare oy reciangl

i
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248 PHUGTOGRAPHIC OPERATIONS

?Qr setting the easel paraliesl to the negative, by
measuring the side of the square or rectangle on the
“31im and on the image.

4 trial in another position of the

Lis]
v}
et
)
pud

as

41

aives

The extension of the camerz isg marked on its bed at
each trial:the distance between the marks represent

the Adisplacement M of the lens,

4 *
—

Moo= B o— R,

v

The %“we positions of the gasel have a

a0 been marked!

!

its displacement,N, is composed of two parts,one due
tc the change of E and the other to the displacement
of the lens:therefore:

N =F—F—-M
We nave now four equations with four unknown guanti-

tieg:deducing their values we Tind

4

&

N+(i+a') M

T -

L/!,'“ {,\'—-C\’

P N+(’1+OLI)M
2= O -

With these two values;the distance of the principal

focus is calculated by the formula of conjugate foci
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To enlarge 72/ times,we must have

Bzt wo have alz0.

#3
5
Lo
3
@
L)

The lens has to be moved a digtance oFf

v Y e .
j_h = mmmm— o F

7 ]

This is done by measuring this distance from the marx

“

on the bed of the camera indicating the irst position

#nd

13
15

0% the lens.

ne displacement of the easel should be.:
- £ .‘.'2
Iy Ay +E::E+Rmﬁﬂgbfﬁ

Vepions devices have been proposed to correct

e

“the errors dus bto the aistortion of the paper in
printingithey generally sonzist in the impression of

a network of sgquares on the image.

r 2
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230 PHOTOGRAPHIC CGPERATION

liable to distortion than the heavy bromide vaper;

Lt

for that reason the latter appcars ;

for contact print

(#]

"

[
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115, TRIANGULATICH. The triangzlation may be 2%~

o

ceuted st the same time as the topographical survey.

[y
~
I
s
.}
ot
iod
1

5 have some of the principal

A
[
o)
]
0
[
o
§
e
e
Wt

i

points a primary triansulation.

The t 1= gated ir the astandaras
Forks on surveving)wvery Litile requirves it LE added

hers. However, thic

the order 4o be followed in the operationsia fev

two distinet operationsg. {ne nhas

ronregsenteiion of ihe shape or form of the gronnd,
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254 FIELD WORK

have been established,otherwise he may have ico
measurs angles between points net very well defined.
In such & case, the closing error of a triangle is as-
sumed to be due to the want of definition of ths
points.

Let A,B and C represant ths angles of & tri-
angle,whose summits have been occupied in the order
given. At A, the surveyor observesg the angle tetween
B and C,where there are no signals. He puts up a
signal at A and moves to B. In measuring the angle

al

between A and C, he has a signal at A and none at C.
Placing a signal ait B,he messures ithe third angle C
between two signsls.

Call A& the closing error of ithe triangle and &

the probable error of a sight on a point without

signal. The probable errors of the angles are:

for A EVZ
" B €
L] s [4]
The corrections applied to the angles must be pro-

portional to the probable error of each;they are:

for A —_—
/ V%
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CAMERA STATICONS 253
ey —_— .._-_Lx‘____..i
fer B, T
" o ",

The closing error must not exceed & certain 1limit
rixed by the degreg of precision ol the survey:when
‘e 1imit is excssded, the stationsg must be re-oc-
cupied, copmencing at the most douptiful one.

The stations of the primary triangulation are
the last ones to be cccupied wheon they have bsen es-
tablished by & previous survey.

Te have a correct idea of the work he is doing,
tha surveyor musi make in the field a rough plot of
nis triangulation,on which he marks all the staticns
ocecupied. It will show him the weak roints of the
survey and permit him to plan his cperations with

norsa 8gsUTrINce.

The obiect of the seccndary triangulation is %o

H
bt
"
b
)
7]
£
i)
]
(D
~
A
0N
o+
o
(=3
=
]
i3
2]
» %
5..I -
o
2]
¥

mmits mmast bhe gelected

ef the plan are drewn Trom the camera stations.

o
A
=
fuud
o
ot
Bode
Q
3
3
o
[WH
o
o
0
]
=
L
<
w
1
a
mad
D
0
g
W
T
4]
=
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258 FIBLD WORK
sams =a with horizontal intersections.
14 would be decsirable to have the views of the

sgme part of the gr

b

ound takern at the same time of day.

flat and lack 3etz2il. Dut ths surveyosr

other corn-

t

siderstions to take into acecunt:he will seldom be
ahle to choocge rnis own time to cccupy & siaticr o0

tak Ue wiil often have to take views

Er
48
Y]
-
oy
]
o
[
ie]
3
I
e
5

agzines

m
>
ot
ot
et
ey
wn
=
]
'
-
fou
&
oy
(5]
3
-
|4
=
o
b
i
<
i
e
2
o5
T
o

With care in euiting ois uas sky ang giving a lung
sxposure,ne may still ohtaip mogulits remarkably good
under the circumsiances.

The identification of points,even under differ-

ent lighting.does not offer any serious difficulities

The number of photographs must be suffieiently large
to cover the ground completely:an additional view
causes very little extra work,either in printing or
plotting and may often save much trouble. The sur-
veyor should not hesitate to take one whenever he

finds a place whers it may be useful.
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CAMEEA STATICRNS 259
Two or tnree points in each view must be cbserv-
ed with the altazimuth,the altitudes and horizontal
angies petween them being noted. The altitudes serve
to reetify the hovizor line or the photograpn in
case the camera =should nc siightly out of level and
the horizontal ang

es permit to countersct the dis-

tortion of the pnwvint by altering the focal lz2nzth to
Fs = o, (e

The notes of opservations orn iriangulation
points are kept in the usual manner Ior such work:
points of the views are betier inscribed on sketches
made on the spot. The sketches permit to identify
the points with more certainty than a mere designa-

L)

tion by a letter or figure.
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CHAPTER VII

PLOTTING THE SURVEY

117. SCALE OF PLAN. The minutes of the Canadian
Surveys are plectted on & scale of 'E%TEJ they are
afterwards reduced for publication to Eﬁ%ﬁf' The
eguidistance is 200 feet.

The convention already adopted in Perspsctive
{ § 54 } must be recalled here:the angles measured
and thes photographs taken must be assumed to have

heen meagured and taken on a model of the ground

alraady reduced 10 seaie.

5

That the perspectives obtained from any point

of auech & model will be ine sams as theose taken from
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SCALE 281
the =imilar peint ¢f the ground has élready been
ahown { § 54 };the same rule applies to phoetograpns,
i theory at least.

The angles measursd ars

i
£
|
m
o
Lt
3
{
i
=
24}
w
(¢
o
e
b
)
g

ground, for any trian

TG

rie ABRC,Fig.i48;0f the ground i

T

" cimilar triangie alC. Ths
.
L. . . e
i altazimuaih set in g will
/ give between o =a2nd o the
-
i - 5 ] o 5 e
geme ansle a8 1t woul ot
B gnd G.if zet =t A
Fig. 148

the model will be assumed to have been

that scale and the problem consists in wmaking & plan
full size by means of angles and photographs obtain-
ed on the model.

No change being made to the camera, the foga.

1]
o
vy
o
oy
o

sreserves the same value;if one Poot,it will

1 3 3 s v, 4 s o
sover on the model a distancs gorrsgponting o

3 b = [ ;4 4 s
The plan and the model being boih radused o ine

9
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282 PLOTTING THE SURVEY

scale of gﬁ%ﬁg, it ig ¢lear that if this scale be
used to measure an actual dimension on either, the
result is the number expressing the corresponding
actual dimension on the grournd. If a division of the
scale be called a"scale foot®,a dimension of the
ground is expressed in real feet by the same number
which expresses in "scale feet® the corresponding
dimengion of the model or prlan. A distance of a2 mile
contains 5280 real feet on the ground and is repre-

sented on the model by 3880 *acale feett

weuid be a foeal length of 80,0080

It followg that altnough the problem consgists
in rapresenting a medel {ull size,.the scale may be
sampleoyed to mezsure the actual dimensions, the value
of one division being consicarsd as an arbitrary
unit.

In other words.a liliputian surveyor must be
imagined operating in a liliputian country of which
he wanis 0 make a plan full size. His camera is of
snormous dimensions; bearing to him the same propor-

tion ag & camera several miles long would to an

Droits réservés au Cnam et a ses partenaires



TRIANGULATICN | 283
ordinary man.

Of course,all the constructions used in plotting
the plan can be demonatrated without such an hypo-
thesis,but the explanations would not be so simple
and it would not be so easy to grasp the whole sub-
ject.
1i8. PLOTTING THE TRIANCULATION. The primary tri-

engulation is assumed tc have been nrevicusly cal-
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{13
¥
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b
i
itﬁ
"3
e
fond
o
!
L~
[¥7]

staticns can therefors be ploi-

tedd =t onece by theiyr co-ovdingies.

The angles of the

t

econdary triangles arsa now
caleulated.and the corrsctions indicated by the
closing errors,applied. Some of these triangles

have common sides with the primary triangulation:
they are caleunlated first. With the valuss found

for their gides,the adjoining triangles are cal-
culated and so on,until the lengths of all sides have
beernn obtained.

iaes of latitude

-t
=5
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e
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'
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¥
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m
By
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i
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A
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-
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arnsalation 1o the peavest primary statior are cale

P . 3 F.
sailsted, Unl:

tne primsry triangise be very lavgo.
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Y
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284 PLCTTING THE SURVEY

the secondary siations gan be plotted on the plen by
their latitudes and departures without any appreci-
able error.

The camera stations are next placed by the
angles observed upon them from the triangulation
points. These angles are plotted with a vernier pro-
tractor or by means of =z table c¢f chords;either me-
thod is aceurate enough for the purpose.

As long as & sufficient number of readings have

hesn ta¥en orn @ cmmera station from triangulation

-
e

nivte.ne ciffisulty ig axperienced in placing the

station:it is not so when only a limited number of

5

readings or none at all are available. There are iwo
czzes to consider.

Cmse I. The camera station has been observed
from one or more trisngula-
P tior points. The camera
) M . e s
| o station M Fig. 130, having
. ,
A heen cbserved from the tri-
angulaticon point A;tri-
Fig. 180 angles mey be formed with

¥,A and other triangulation
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TRIANGULATION 285
points obeerved both fvom A and M, such as B. In the

triangle MAB.the angicza a4 M and A have been obgerv-

simitiar caleulstions being made for nther triangula-
tion points will give the direction of the station
an seen Trom these pointsithe pletting is done aeg if

the station nad heen cbsevrved from every such peint.

Caas 1I. The camera station has not been ob-

63
[at]
et
E]
«
@
(2
behy
=
.C/
]
o
ot |
Ry
ot
$
o]
!'.5

neuistion point. In this case

ot
oy
4]
23
cd
m
et
ot
o
]
=
ot
o
54}
¥
)
(9]
"'U

rlacod by the angles which have
been observed from it. This can be done esither by

pointis observad,circles con-

netwesn them,or by the use of a

”

=tation pointsr. The first methed requires complicat-

ne #na is not very accurate =nd the

s 4 -
inis 4av

ot
oy
g
D
@
3
o

be found rapid

2vich whier G ne ks have been observed
Trom v ; i

mizue of tyad s point 0
reTrSsent Lhe saEntya 8LE v, anud draw the direciions
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268 PLOTTING THE SURVEY
of all the points observed. Put the tracing paper
upon the plan and try to bring every one of the di-
rections drawn to pass tnrough the corresponding
point of the plan. The camera station is then in its
place.

Prom the foregoing,it is clear that the surveyor
should endeavour to obtain at least one directiion
from a triangulation point on every camera siation?

the plotiting is less laborious and the resul

[

P
¥
L3
i

accurate.

The use of photographs for placing camera
stations must be avoided, the precision is not aui-
fieient.

119. PLOTTING THE TRACES OF THE PICTURE AND PRIN-
CIPAL PLANES. The horizon and principal lines are
drawn on the photographs through the proper points
of the comb marks { § 108 jithe horizon line,however,
is ehecked by the zititudez obsgerved in the same
manrey as it was placed on the Pirst print,when de-

terymining the econstants [ § 108 ).
The trz s AT vincinal and ocicturs Tl o
L LYyacaes Gif LG RYLNCipal an Lilorvurs p,.‘_fﬁﬂ:‘y

are now drawn on the plan, Every photograph containg
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2687

at least one and generally several points of which

the directions have been cobserved and marked on the

plan. Pind the distance Se , Fig.151,from the station
to the projeetion
of such a point
N pl of the photograph
; " ! AT a,
7 Iy ‘ :
A on the horizon
|
L ,ﬁ' line;PS is taken
oS5 ) -

Fig. 101

on the principai
line egual to the

foeal length and

£

Fa- egual to ~NHA

The whole of this construction is made on the "photo-

graph board? whisch wi

On the line SA

i1l bhe mentioned further on.

of the plan representing the

diresetion of o, take from the siztion Sf the gistance
. ; £
S,a, equal to Se: from 4 as senire with @@’ as

radius describe an arc of circls and draw S, P tan-

gent to itlit is ths
The trace of ithe piet

trace of +the principal plane.
ro plane is the perpendicular
the

congtruction on
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270 PLOTTING THE SURVEY
The correct length is found as follows.

On the trial print ( § 108 ) measure the dis-
tance between the two comb marks of the horizon line;
ecall it @ and let /' be the focal length found. Then
if the distance of the comb marks be measured on
ancther photograph and found to differ from «;de-
signating by @' this new distance, the enlargemant or

reduction of the new photograph compared to ithe trial

print is p
@
T
and we have the proportion:
!
@ X3
a = f

from which the correct foecal length Jﬁlis deduced.
Should the distortion of the prints be such as
to require frequent corresctions to the foeal length,
it might be well to make a scale which applied to
the measure of the distance of the comb marks,would
give at once the foeal length. For instance suppose
L2 and_;f to be 25,000 and 20,000 feet respectively,
on the seale of the plan. Draw a line sgqual to 25,000

fout oand divide it into 20,000 parts:ithis scale
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INTERSECTICHNS 271
applied to the trial print for measuring the dis-
tance of the comb marks,reads 20,000 which is the
velue of the focal length. Applied to any other photo-
crarh it will similarly give the correct focal length.

Wet paper expands more in the direction of i3

length than in the perpendicular direction. In the

b

case of prints zhowing an appreciable difference in
the rates of expansion or centraction measured on the
horizon and principal lines,different focal lengths
might be employed,one for the horizon line for oplat-

ting the points by intevsections,ths other covrrespond-

ing to the principal lire, [or measuring h§ights.

In practice,it is found that none of theses modes
of correcticon are required when bromide prints on
good heavy paper are used.provided they be all treat-
ed zlike end dried under similar conditions.

120. PLOTTING THE INTERSECTICNS. After drawing on
the plan the traces of the principal and picture
planes, the draughtsman takes two photegraphs covering
the same ground and marks by a dot and number in red
ink the corresponding points of eacn. The pointes ar?

chogen on those lines whicn define best tne suriacg,
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=274 + PLOTTING THE SURVEY

two intersections should bhe checked

aithn2ry Ly A third one or othorwige. They may.ror in-
st & o Eod by dezormining the height of ths
point Iron L iwg ocorvectiy
wiottsd, ths two ill not agree.
vever.dons not indicete slishl srrors,

the perspectograph or porapect

ted such as the shore of g laks or 0

3

- - g i = -
voint 18 ity

*Q

,4;
-
]
v
<
O
-3
o
’)
4
e
o+
1
It

peat check is & third intereection.

The number of every point 1s irv

121. PLOTTIRG Wii

THE PERSPECTUGRAPH. To draw with

the peorspectograpn the plan of a figure which appears

or. 2 rhotograph, the figure

masy

n
o+
re
Y]
o

bevond the piciure

g8 ) or below the

o

-
piLiansg |

ground line on the photo-

1y graph, Thus the lake AR

{Fiz. 105}, being below the

Fig 155

ground lIine XY of the photo-

graph cannct be drawn with-
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PERSPECTOGRAPH

out a change of plane, suen the new
;. - - - s - - .
Vv XY bhe below the lske AZ. 1t has oten axplainstd
this ig doms by O e o The
station until the ground tine ia into oo
; a4 . 2 g
rect position { ¢ OB ¥
Thie af the pevspzolopraphs 13
adivsted by the seales drawn in X and ¥ on tha draw-
ing board,to a distance freom T egual to the focal
lengin.
After odjusting S
: the pencil is brougnt
Vi . ‘-(I. "' i
T : ' gvar a point,M,of the
]
‘ trace GH of the prin-
\ . I “ /_ ! R A } K‘[
! | cipal plane at a dis-
26 | 5o
..l "—.’; _,-/l ¥ ‘/v
i . <. e . R
: tance sM from & equal
gl - ”-:h
o . ; to twiece the fecal
i FEAE 4

L1028
the horizon ling HH

tre corresponding line AB of

length.

5

The photograph 1is
pinned under the tracer,

o3

EFrthe iron

adjusied g0 as
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2886 PLOTTING THE SURVEY

altitude of # being known.

-
4
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o
gl
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o
|
2
Iz
o
2
[e]
e
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!
w3
)
3
Cu
o
o
§—
]
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o
o
&
W
p
ol

produce it until it

Jig\ intersects the prin-

&0
€y

¢gipsl lin: 3 7, and

S picture trace X Y .

On the photograph

take PE equal to pb

i " at B erect a parpen-
I :
T digular to XY and pro-
ol |
- B C A duce it to tne inter-

gection .7 with the

rverspeciive of the
Fig.182

line of greatest slope.

Takse PN squal to O

and join N 4:it is the

irace of the required plane con the picture plane.

trace of the required plane on the principal planse,

\ Py 5 .
guppossd te Le revolved around S5 on the picture
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PHCTOGRAPH FPROTRACTOR 293
The azimuthal angle is obtained at once on the
vhotograph board by joining the!statian S,Fig.166,t0
the projection, @, of ihe

point on the horizon line.

0

ke

rad in degrees and

,
et
By

regu

AT P minutes, the distance Px is
B e F '

transferred to the principal

-+

e

y . . - . . s ; \
1ine in PG;D is joined tc &

-

and precduced to the scale

Hy

of degress and minutes BO

Fig.l88

where the gradusiion X in-

1

]

dicates the value of the azimuthal angl

[4

Were many such zngies to be measured,tre hor-

- 1 gy EENSY o Y oF L O N I S
izental ccales TV and 02 ( Pig.l80 } might be divid-
3 o e . - ~ 3w e 3 s BT . L L, o £ 3 o

ad into desgrees and mirnutes By meansg oI & vaolis oF

o e s o~ - o g Rl & L

1 tuge iz ine 5 188 0t the
i 4 mr . ey oz LI R - G 72

B £ i ot Fay i LEL [ AR L RN g"ﬂ s il L

o
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294 PLOTTING THE SURVREY

To construct it, take DF equal to Scf, draw FE parallel
and equal to &, jéin DE and produce to the scale of
degreea and minutes BC. This consgtruetion is feeilit-
ated by the lines previously drawn on the hoard. ¥ith
a pair of compasses take the distances from x to the
principal line,carry it from P { Fig.1860 } in the
direction PD znd from the voint so ottainsd take the
distance to the arc ML,measgsuring it in the direction
ol the radii marked on the board:iihia 1s the distance
P¥ { Fig.168). Then with the same pair of compasses,
carry ~x to FE which i3 done by using the par-
allel lineg MN of Fig.160. The eomnstruction is now
completed as slready explained,

A protractor may be constructed to measure these
anglesiit consists of a plate of transparent materisl
on which are lines parallel to the principal line,
containing the peinta of same azimuth ana curves of
the points of same altitude.

The azimuthal lines are constructed by plotting
the angies in S and drawing parallels to the principal
line ihrough the pointg e¢f intersection with the

horizon linse.
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PHOTOGRAPH PROTRACTOR 295

Denoting by / the altitude of a point 2 and

taking the horizon and principal lines as axes off ca-
ordingtes, the eguation of the curve of altitude /4 is:

a2 PPN ;
YP= (xS 2/' tarF

Thig ig an hyperpbols of whieh the principal and hor-

the trargversge and conjugate axes and
ihe centre s the principal point. One of the branch-

"

es sontaing ths oints smbove tne horizon anc the

ot

»]

ather branch the points of same altitude below ths

{0

torizon. The asymptotes are 1inzs intersecting at

ihe principal point and making angles squal to fowith
the horizon iine.

The cupves of equal altitude may ne egalculiated
ty the formuls of ins hyper-

nola or they may bé niotted

r

by painzg;veversing the gon-

L)

L struction given sbove for

finding the altitude of &

-
.
et
o
~3

{ Pig.166 ). The complete

s 2
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=98 PLOTTING THE SURVEY

protractor is ghown in Fig.187:!the angular distance
be2tween the lines depends on the degree of preciszion
reguired.

The instrument may be mads, liko the perspeciomet-

ar. by drawing it on paper orn o ilarge scale,pholograph-

ing and making a transparency w

ool
=
!
<
I
b
o

I0TOGHRAPHIC ESURVEY -

teqd with a very good proeiractor or mede wiith ths

¥

tabkie. There is however this diffe

aunber of points pletted by phoicgvraphy is gr

&1

¥ . e 8 1 ;_:‘- s b e I oyt tow Iam Eff:s:u_';’_if%
E R vith RO L i o 4y
wngle of depression of the vo - Witlh ¢

viuyed, enbracing 80°%,this ancle is slwars loess tho
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CHAPTER VIII

o g 02

PHOTCOGRAFPHS ON INCLINED PLATES

PR Td A Gy Top oy % Y o v e i ey - - 3
128, Hithertoc 14 has besn assumed that the pholo-

and
@
o
W
e
i
@
3
§

sraphs used Tor the survey wore taken on p

& " 1 Py = Eiph ) an 1 . . agrlm £ 3
cetly vertiecal., There are several casos in whieh

e Y e . . - e B e - g

this condition camnet b fulfiiledithe camers may bhe

any mears of adjusting the

plaig,or ths ohorograpnz may have besn taken merely

La
e
femad
ot
@
i
o
o
E
s
2
o]
fnd
"
&
!.,.,.!
o
de?
po]
D
b |
Pl
hy
[+}
>3
b
or
[
(]
%)
o
i ]
(3
A
]
§

ot

e
)

survays, the views being taken with a camers congceslad
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PLOTTING DIRECTIQRS 299
about the person or otherwise. The scope of these
gurveys is very limited;the photographs,being in-
atantsneous, lack detail in the distance and unless
ocbjects present great contrasis of light and shazd
their images are bimfred,and confuse as soon as the
distance attains o few hundred yards. Improvements
in dry plates will no doubt remove this difficuliy
to some extent,but it will never dicappesar completely.
Anothsy cause of trouble is the small size of the
camera and platesithe views;being instanianecus.
stend very little enlargement and the measurcments
are in consequence not very accu?ate,

The other class of surveys comprises those made
fyom balloons. It is very doubtful whether the me
%ill ever be found practiczl and prove of more than

theoretical intercst. It reguires the consideration

of an entirely of survey by meens of pho-

tograrhs taken or plates placed horizontally or near-

ly =so0.
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308 PHOTOORAPHS N INCLINED PLATIS

Take an oxperimental negative with the field
camers, the plate being verticalidraw or it the hor-
izon and prircipal lines. piace it in the holder of
the copying -=mera and mark the peints cf thce holder
corresgonding to thne horizon and principal lines.
After inserting the holder.the camera i3 moved until

the plate CD is verti-

T

L]
—
b
o
pi
-
)
£
[

IS

]
Wi
heod

o PR
positicrn. The screen AB
Q. = AR is now adjusted =zt the
M “ proper distance.par-
allel to the plate. and
the projected images

Fig.1l71 of the horizon and

principal lines are

marked on it in such a manner thatrthe marks will
appear on the prints.

For copying a negative taken in an inclined
position, the horizon and principal lings are drawn
on it,also a parasiiel to the rorizon ithrough the
principal point. The negative is placed in the

holder with the principai lire orn the proper marks
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TRANSFER TO A VERTICAL PLANE 307
a1 the horizontal line of the principal point on
the marks corpespording to the horizon line of the
expericental plate. The camera is moved up ¢r down
until the image of the negative's horizon line T ¢oO-
inecides with the horizon 1ine § previously marked on
ithe gsereen.in this position the perspeoetive is the
zame a3 1t would have been on a vertical picture
plene. For,the inclination of the camera is the
same as when the negative was takeniany point N of
the latter would have photogrsphed in N on a vertical
plate and given the same image M on the screen.

With a2 lens of sufficiently long focus and pho-
tmgrabhs tgken nearly vertical,as is gereraily the
cass, the displacement of the camera will be to0 amall
to afisct the definition on the screen.

The holder must be provided with means of ad-

justing the negative;the principal point must always

2

geeupy ths same position.the plate pivoting arcund

it.
the print by the marks {ixed 1o the screanitne prin-

ecipal point has been displaced In copving and 8 now

T 2
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:-
E

-
2
3
i
b
b
frd
o}
v
t—i
T
-1
=
¢

The change of picture plane can also be effectad

i

with the perspectograrph, but the use of the instrument
o bhe recormended whsn the change can be made
s¢ simply Dy the nhotogrephic process.

134, PHCOTOGRAPHS ON BHORIZONTAL PLATES. Phoiographs

on horizontal plates might be oktained by an arrange~

]
e
3
i

s
B

ment similar to the one described in § 99,with a

e

hole sicp in the lensithey are also taken from =
Palioon with an ordinary camera, but the plates sre
only approximately horizontal.

The picture and ground planes being parallel,
the figures of one are similar to those of the other:

thus the photograph q;j Fig.

oy
172 of a lake AB is also its
y !, . : ;/;
- . plan and only requiraes to
2
N s y
Ay be reduced io the proper
scale. The reduction is
given by the proportion
Fies 172

2
+

between the distarces
and SF from ihe gtation to the ground and picturs

planss. When the height of the station and the focsl
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th oare equol.the whot iz &2 full size glan

Tu plot the o : ¢f the various points, the
principal poirt I of *the phnotegraph is rlaced cn the
oot of the station §. and a line of known direction,

4. To Tind the divection of any other point B, its

to the principal point P

£ B on the plan. %
The neight of 2 point i found by taking £P,Fig.
. 173, equal to the focel lengtih

fa

and 58 egual to the height
4 of thelstation,drawing PaC
5 o and &7 paypendicular to
SF.PXx  being equal to the
distance of the point's per-
spective Trom the principal
point and &z equal Lo the distance on the plan from

the station to the point. Join S84 the parallel ad

to BP 1s the helight of the point above the ground

s
3
I
P
s}
"M
g
o0
=]
5
ot

taken from 2 balloor cannot be per-

fectly horizeontal; to make use of it for plotting the
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310 FHOTOGRAPHS ON TINCLINED PLATES

plan, the trace §,

Fig.1i74,0f the vertical of the
station on ths picture plane must be known.

ihe divections of the prineipat line st and =f
the pevpendicular to i%,AB,

/e . R s . 41 . - [
A s} are the smmns on the plan

and on the photocgrach,; they

To find the directiocon

Fx
=

-
-3
1

4]

ars the ground nlan of
pnint @ of the pervspective,draw PS pernendicuiar to
the principal line and egual Lo the Tocal longth,

Join S5  and

o AB. Draw g,A anid CD parajilsl to ¥ and take Au
i

b oy . 4 3 . 3 - 3
equal to 3D, Sp s the direction aof the point on
the grcond plan, for Ay forms with i1ts horizontal

i !
projeciicn a right angle triangle in which the angle

A is the inclination of the plate

i
s
)
[
)]
i
Y
5
™

I3

whieh triangle is constructen in SCD, therafore Ayd
which is made egual to 3D is the horizontal projse-

tion of Awu, Jid is the trace,on the
)

rourna plane. of
1 _

the vertical of # and the vertical plane passing
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HORIZONTAL PLATES 311
through § and the point W of the rhotograph must

cut the ground plane along Sit-

A much better way to empioy thec

[¥:)
3
!
o
o
%
m
g
v}
Rl
oy
by

o

woitld be tgo restore ithem to & horizontal plans in

(s

£

printing, by the process of § 131,using Pg and 4B
the same manner as the principal and horizon lines
of the vertical photograph.

The great difficulty in balloorn surveying will

23

bhe to determine the trace of

the vertical of the
station on the picture plane.or the foot of the

staticn on the ground plan. The oscil!

ralloon prevart the use of any kind of level ingide

C

of the camera and instrumental msasuremsents cf angies
are open %to the same objection. The angles might,
however be measured by two observers located on ihe
ground.

In a view containing vertical lineg, their van-
ishing point gives at once the trace of the vertical
of the staticn:lor a photograph teken a short dis-
tance above buildings,this mode of deilevmir iz the
trace would be very good.

Balloon surveying would only be adapied

o*
&)
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312 PHOTOGRAFPHS ON INCLINTD PLATE
military purpcseyr, 2ithoush the advonratss of the
cess are confident trat 1t wil! avenioalis

- N @ " G S ‘e -~ 7 e e e e e
pliacs of all cihe- SAYVOT g metnnds.
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