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EDMUND SCIENTIFIC €O, »

THE THREE optical instru-
ments most used by artists are
the camera obscura, the opaque
projecter and the camera lucida,
All three are showninthe small
sketches above; all three are
described for homemade con-

struction in this booklet, By far the oldest of the
irio is the camera obscura (dark chamber), which
was in use prior to the year 1500, It was not until
much later--1839--that Louis Daguerre invented
the photographic process which was to eventually
make the cameracbscurathe modernview camera
we have today,

It can be seen that the opaque projectoris just
the reverse of the view camera, withlights added,
This popular instrument was a long time achiev-
ing full development for lack ofsuitableillumina-
tion, Today, thanks to Mr, Edison and others, the
famm’liar electric lamp makes the opaqueprojector
a simple homemade project,

In general, a camera reduces while aprojector
enlarges. In either case, the object and image
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IN ITS long lifetime the camera obscura has been an
entertaining viewing device, a familiar sight at seaside
resorts, The lens objective of such aninstrument gives
an angular magnification of 1-power for each 10inches
of focal length, so that even a small tent show could
offer views equal to modern binoculars, The best-
known U,S,A, installation is the one at San Francisco
with a lens of 150 inches focal length providing a view
15 times larger than the naked eye view,

TWQO SYSTEMS, Visual camera obscuras usually show
the picture on a white surface, while drawing cameras
employ the equivalent of a ground glass. Thisis made
up by placing a sheet of tracing paper over a sheet of
clear glass, Sometimes tracing paper is used over
ground glass, and this is the method you will use if you
already have a large format camera with ground glass
back, However, clear glass and tracingpaper will show
a brighter picturethanthe double translucent surfaces,

Fig. 1 shows four optical systems for producing the
image on white paper or other white surface, Style 1-A
is most common, This will show an erect and normal
right-left image, but onlyifyou stand with your back to
the object viewed, The arrangement at Cis rarely used
because the image is seen inverted; system D shows
how the image can be erected with a Penta prism with
roof. Unfortunately, you will not find many suchprisms
in war surplus, the largest currently (1971)being 1-1/8
inch clear face, being Edmund No, 3259,

Fig, 2 shows examples of optical systems where
the image is received on tracing paper, For many
years, style 2-C has been most common and most
popular, If you have a large format view camera, you
can use it "as is8" for drawing, the only addition being
the sheet of paper over the ground glass. An erecting
back can be easily made of plywood, as shown, A draw-
ing camera made with an Amici prism, Fig. 2-D, will
show a normal right-left erect image, Once plentiful
in war surplus stocks, the Amici prism is now some-
what hard to find in large sizes, the largest in current
Edmund stocks being 1-5/16 inch clear face,

The mirror used in most drawing cameras can be
either first or second surface, If the mirror is used
close to the lens, it need not be very large and so will
not be too expensive in a top quality first surface
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mirror, For larger mirrors, inexpensive second
surface mirrors canbeused, preferably not over
1/8 in, thick. The second surface mirror will
sometimes show a faint second image, which
fault tends to increase with the thickness of the
glass,
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22-1{2" DRAWING CAMERA, A specific design
in a horizontal box with simple lens of 22-1/2
inches focal length is shown in Fig, 3, This is
satisfactory with a thin mirror purchased atthe
local 'dime'" store, The general construction
calls for aplywood box whichis easily hammered

} together, except the top is screw-fastened for
easy removal for cleaning or adjustments, The
box may be painted flat black inside if desired,
although the bare plywood itself is a good non-
reflective surface, If desired, the face of the
mirror may be painted or blocked off with tape
to expose only the surface actually usedin form-
ing the image,

The drawing or viewing surface  is plain
double-thick glass of the grade used for window
glass, Tracing paper is used over the glass to
provide an image screen; the image is seen
erect but reverted, If you want to revertto nor-
mal, you simply flip the tracing paper sketch for
final redrawing on the actualdrawing beard sur-
face, A cardboard shade may be neededto shield
the image from light; the one shown is held in
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&

ERSED

SCREW-FASTEN ONLY
TO PERMIT DISASSEMBLY

p}ace with a rubber b‘and.. Tr_ne Plano- convex LENS - . )
simple plano-convex objective is 86 % 57| mm \ } | ;
mounted in a cardboard barrel (3" x 22%"f.L.) stop | IMAGE
and is stopped down to f/8 with a EDMUND No. 94-135 5752 i
! sToP % — IMAG v
SCREW TO | 2Y4" DI (F78) ' E \
FRONT | \ e 6V —— .
VT o
%' sour
’ Gt 7 OPTICAL LAYOUT
m s d %
Adjustable BARREL HOUSING T
/H "
#8 Tk Lumacr - 22Y%" (Imace pisTANCE for DISTANT OBIECT
cyToUT 26'%" MAY. IMAGE DIST, .
TPE  GLAss 5V 642" max DISTANCE ( (ou can focus dovor To 12 FT: ) —————»|
y _lotsay [
[\ 1o N swaoep Area PO * ~ SR o T “\@
e N  oF MmiRROR BARREL MOUSING & %
P 7\ ——— CAN BE CUT 7 %
AN Ur oR LENS BARREL
cur our 57 sQ. -~ BLOCKED ouT 334" 0.0. Gandboard 2y
o
\ - MIRROR 7
N e yai'ognu\ ,//
: B ) | 2swf |
] e Tem—— EAT
{ 3 o X e |
h % fa] Le ¥ i /e MIRROR Loy
¢ /',/j {A{ Ply. - </ SUPPORT (4 Fly, 7




(] Pha AR
YMBO‘:C’CE
raa
Byt G
G- D'S;raﬁwf&
from cA
fFO
M (& RipicAT o Yoe
IMAGE 1S iy THE
M*—_W SIZE OF OBIECT)
PR
I} B=(M+I)xF B=(JJ+')X8=-;;¥H=IO"
-.F‘—A _ Bx40 _ 320 _ B
2| B=3TF (P wmms 32 =0
3| B=AXM | B=tox)=10"
B |o ‘
L" - — A:__:lo L[_______q Il \
A=m W ot SRR
=FxB Bx10 _ 80 _
6| A= TEF |A2X2- —uwo
=B Pho ]
MR = WX
-—F-— — 8 -% 8 _ §
8| M=a-F Mw-s *L;—/q"
=B=F _0-8 _22 _ 1
o M=% - la = 4
= AxM Vox'i _10 _=z y_J
O|FEWET |y Ty T
= -2 210 _10 | HM g
W F = T F'/q+|'“/4‘”"5/—8
-AXxX8 _4oxIo _ HOD _ -
2| F=3a%e (Fuorio -8 -8

* 2 w0 for PROJECTORS and ENARGERS

cardboard ring, as shown, This lens will cover
a 9-in, square field with fair sharpness; the
f/8 speed is quite bright for outdoor scenes
assuming you are indoors shooting through an
open window or doorway, If you want to use the
camera outdoors, you must provide a complete
light shield, One way to make this is by stitch-
ing a skirt of black cloth to a black umbrella,
the handle of which fits into a socket on the top
of the box,

CAMERA ARITHMETIC, All the formulas needed
to solve drawing camera problems are given in
Fig, 4. You can alsc use the same formulas for
enlargers and projectors, or for any positive
lens where the object is more than one focal
length from the lens, There are always four
quantities invelved, and if you know or can
specify any two of these, the other two can be
calculated, Typical problems are worked out in
Fig, 5, showing the use of the formulas, It will
be apparent that the size of any camera box or
bellows is dependent on the focal length of the
lens you plan to use, If you want the camera only
for sketching distant objects, the distance from
lens to drawing surface will be onef,1, or a little
more, On the other hand, ifyouwantte draw ob-
jects full-size, the distance from lenstodrawing
surface will increase to two focal lengths, while
the object itself will also be at two f.1, Between
these two extremes, you have all theintermedi-
ate magnifications from lx to 1/1000x,

In some optical and camera books, magnifi-
cations below 1x are called minifications or
reductions, However, you will find the system of
all-positive magnifications easier to handle
because every situation is treated as amagnifi-
cation and is determined by the same formulas.
Specifically, a fractional M,, such as 1/2x, is
easier to understand and work with than a 2x
reduction, although both specifications meanthe
same thing--the image is to be 1/2 the linear
size of the object.
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portant dimension is the image distance, Thisis Y (’S!j’%sg,, ) 6’8?65'/52 <"
the length of box or bellows you must provide, a k
Fig., 6 table gives the distance for various f,1,
lenses at different magnifications, The equiv~
alent percentage magnification is also given, ———
The percentage magnification is favored in the
graphic arts,

PROJECTOR USED AS A CAMERA. Many opaque
projectors can be easily converted to drawing
cameras. In particular, the style which has the copy
on top of the box is a self-contained drawing camera
requiring only a sheet of tracing paper. Of course
you do not need or use the lights of the projector
| when using it for drawing. Fig. 7 shows an opaque
| projector being used as a drawing camera. As a
projector, this box enlarges from 2x to 11x. When
used as a camera, the object distance becomes the
image distance and the magnification range is
inverted, becoming 1/2x to 1/11x. Sometimes you
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will want a little more magnification, and this can be
obtained with an extension box, as shown. In
addition to the higher M. of %x or 75%, the drawing
surface is increased from 5x5 to 6x6 inches. The
original glass surface can be left in place.

SMALL CAMERA OBSCURA, The smallestprac-
tical camera obscura has a 5x5-in, drawing
surface., To cover this field you need an 8 in,
f.1, lens although some & and 7-inchers are
satisfactory. In the typical homemade instru-
ment shown in Fig, 8, focusing is done with a
simple sliding box instead of the more conven-
jent bellows with rack-and-pinion used for
commercial cameras. The erecting mirror can
be first or second surface, The construction
should begin with the outer plywood box, The
diagram shows the lens at infinity position, from
which you can move about 7 in, forwardto focus
on an object at 17 inches, This is about 7/8x or
88%. If you care tomake the lensa slide f{it in its
mounting block, you can gain the extra inch
needed for picturing objects at 1x, 100% full-size,

CAMERA FOR FLAT COPY. A camera obscura
is sometimes used only for viewing flat copy.
Such an instrument is often calleda''visualizer"
from its function of showing how artwork will
look in reduced size as printed, Since any re-
ducing camera will alsc enlarge in the same
overall length, as shown in Fig, 9, commercial
visualizers are usually combination instru-
ments working both ways inarange from 1/4x to
4x, As shown in the diagrams, complete freedom
of movement is required at the lens, with a
shorter movement at the copyboard. The drawing
surface remains in a fixed position. A home-
made instrument of this kind is oftenmade from
a standard 8x10 view camera, You can add a
homemade plywood back 8 or 10 in. deep, ex-
panding the work surface to 11x14 inches.




- DRAWING PROJECTORS

A DRAWING PROJECTOR is an opaque pro-

jector designed to enlarge opaque copy such as
photographs or line drawings, The magnification

range is usually low, being about 1x to 5%, The

lens focal length ranges from about 6 to 12

inches, A 6-inch would be ideal except for the

fact the short lens may ‘not cover alarge enough

field, The Metrogon is an exception, In other

lenses you usually have to go to 7 or 8 inches

f.1., to get the needed field, The lens need not be @A L
-fast gince the usual line copy show's a bright T COOKE TRIPLET r049 I::}f
image even at f/8, If you want to project photo-
graphs, a fast f/4.5 or wider aperture is desir-
able,
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COPY

STRAIGHT-5HOT BOX, This is the simplest to
build and is often satisfactory aithoughit reverts
the image left-to-right if you are using normal 15"
front projectien. When rear projection is used,
the image will be erect and normal left-right.
Standard box dimensions for average lensesare
about the size of an apple box, Fig, 1, and many

builders actually use such a bhox. You take the :'
| box apart to dade or mould the slots in the side & METROGON 8% DUPLET ,
| pieces which hold the copy board, The copy board Avitunt 48 1:0‘4" 5 |;9'/1"
| itself should be soft pine or redwood or thicker ngou;—}é»;m" 7O DRAWING
composition board -- something that takes a

thumbtack easily, The lighting is usually two
100-watt household lampe inporcelain orplastic
sockets spaced no less than 8 in, center-to~
center,

Your projector will be meost satisfactory if
wall-mounted over a table, Details of a simple
mount are shown in Fig. 2, The counterweight
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PINION SHAFT
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COARSE FOCUSING 1S DONE BY MOVING THE
COPY BOARD ... FINE FOCUS IS AT LENS

ALL FOCUSING is DONE WITH
CAMERA BELLOWS and. BED

R 8 LERS w Fixep mount

K.
Qe ‘ses(nzmn)
BUT FOCUSING WITH

SLIDING PLYWOOD TUBE

shown is from an astronomical telescope. With
any vertical box, simple slide focusing of the lens
should be avoided since there is always the
chance the lens might drop out of the box, Rack-
and-pinion focusing is best, and it is not 1oo
much work to make a homemade unit of this kind,
Fig, 3. One screw or rivet will hold the rack to
the barrel, and you can usually mount this single
fastening outside the glass and so aveid a dis-
assembly of the lens,

OPTICAL LAYOUT, If you design your own
projector, the optical layout is easily made,
Fig, 4, using data from the object-image table
on inside front cover, The field your lens will
cover commonly applies to a circular field,
In building a projector, it is simpler to work
with a square-shape field, using the equivalent
reduced angle, as given in Fig, 5,

10

Fig, 6 shows the final design and construction
of a typical straight-shot projector with 8 in,
Cooke Triplet, The lamps are 8 in, center-to-
center and unavoidably will show two wide-
spaced glare spots on the projected image, The
glare spots are especially strong if you are
working from a glossy piece of copy, such as a
photograph; they are hardly seenat allifthe copy
is dull paper like newsprint, The square glare
stop cut in the reflector will minimize general
glare from the interior of the box.

ALL FOCUSING AT LENS, For 1x to 5x magni~
fication with an 8 in, lens, you need only about
6 inches of focusing travel, All of this can be ob-
tained with a bellows or a box to which the lens
is attached, as shown in Figs, 7 and 8, When you
have all of the focusing at the lens, you need only
one permanent position for the copy board, This
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in turn permits a fixed light-to-copy distance, as - — ,Ii'f"F'NGF,RNP,E > ‘7%% "%' i
can be seen in the drawings, All of this makes the ST e
box a little more compact and a little easier to use, sl = ;;;M; =

With one-position copy, it is possible to put the copy
on top of the lighthouse over a pane of glass, as shown
in Fig, 8, The advantage of thig is that large copy or
magazines can overhang the box, If you use a glass top
it is necessary to have the lights at least 10 in, apart
to get rid of the glare spots entirely,

. - T @UIDE for
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REAR PROJECTION, In rear projection you face the
projector lens to view the image formed on a trans-

4 . Je \\“'-.
lucent screen, The actual image screen is usually ) BeD e

[*~RISER - BENCH
C ——3z=— )

tracing paper placed over a pane of clear glass, Fig, 8§

showe a typical setup using a discarded storm sash
for the image surface, The comparatively small field
of 25 degrees can be covered with aninexpensive simple
lene duplet of 8 in, focal length, It will be obvious

SLIDING FOCUSING BOX /1S MORE COVIPACT

TILTED POSJTION | .
IS PRACTICAL

that a larger field angle will require a larger glass, ag
shown at B, The projector is placed on the 1/2-in,
plywood bed along which it can be set at any position

83aro
\

PROJELCTOR

SIDE SUPPORT-#} .
For GLASS FRAME |

needed for any magnification from 1x to 4x, You can
focus and check the magnification from the projector
gide of the screen, using either tracing paper or a

c f' BRIGHTNESS BRIGHTNESS Based on f/Value of LENS
BRIGHT- - NT-
ompa rarive fiolue Sece™| | Eatue | SREE™) | flue | PREN
Of ¢ k fast £/3,5 1 t it {13 1o .Flﬁ 28 flq.s .
ourse you know a fas .5 lens transmits :
more light than a slow /8, but the difference be- f’;.lé 100 {{6‘5 24 f“o 10
comes more tangible when you use the table of ‘F/3-5 82 f[" 20 {Ilo.s 9
comparative brightness at right, As listed, the fast
/3.5 gets a brightness rating of 82, while the f/8 ‘F{4 63 f/T.S 8 'fl” 8
scales only 16, A simple division of the two numbers
(82/16) reveals that the {/3,5 gives an iomagn; f?.:e {14'5 50 .ﬁa 16 fllﬁ 4
times brighter with the same lamp system. -f[ 5 40 4[8.5 14 {'122 2
5.5 33 | [#o | 2 | f32] 1
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(Gou can get 3x with Box or Bellows foc
7

white card as the image screen, Fig., 9 atC
shows the preferred construction using a box
or bellows for the lens-to-copy adjustment; this
reduces overall length by about 6 inches,

VERTICAL REAR PROJECTION, You use the
same straight-shot box as before, except it is
now pointing upward to the work surface, Fig,
10, It will be apparent that only a limited amount
of vertical space is available, especially if you
want a sit-down console, Fig, 10 is a stand-at
desk, with the copy in slots, You can gain a litile
more M. in the same space by using box or
bellows focus, as tabulated above,

For higher M, in the same or shorter space,
you will need a shorter f.1, lens, If also you
want a fair-size field of at least 6 x 6 inches, it
meang your lens must be a fairly expensive
camera or enlarger objective, A typical choice
would be a 6-3/8 in. Kodak anastigmat; the
same lens is available at times in military
surplus, being the objective of the K~20 Aerial
Camera, Fig, 12, This lens and focal length is
used for 4 x 5 inch or smaller cameras, but it
will cover 6 x 6 in an opague projector because
you never use it at the infinity setting, For ex-
ample, if your top M. is 4x, the copy distance
will be 8 in,, Fig, 11, andinthis distance you get
the needed spread of the light cone to cover
6 x 6 in, copy, At 2x, the lens will cover 9 in,
copy.

Fig., 13 shows the construction of desk-
mounted rear projector, Rough focusing is done
by pushing the whole projector up or down, the
instrument being counterbalanced to stay put at
any position, The final focus is done with a
sliding box carrying the K-20 aerial camera
lens or similar, Focusing is a bit awkward in
that you rmust squat down and look up at the
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LAMP UNDER LENS
EFFICIENT SYSTEM USES
ERECTING MIRROR AS REFLECTOR

co

immage; rack-and-pinion focusing with remote
control by flexible shaft would be an improve-
ment. Do not try to make the sliding box a snug
slide fit in the outer box--a loose, free-sliding
fit is all you need,

FRONT PROJECTION WITH A MIRROR, Thisis
the usual type of projection where the image is
seen on an opaque white screen or paper. The
mirror is needed to erect the image, In design~
ing a refiecting projector, you start by laying
out the lens-to-copy distances in the same way
as for a straight-shot box, The diagonzal mirror
is then drawn behind the lens and the lens is
rotated to a horizontal plane, Fig, 14,

The simplest method of focusing is with copy
board elots as already described, You alsohave
available a short range of slide focus atthe lens
itself, All of the movement needed for a 1x to
4x projector can be obtained with a sliding box
er bellows, Fig, 15,

LIGHTING B35YSTEMS, A number of lighting
systems are shown in Fig, 16, all being single
lamp except J, which shows the familiar two-
lamp system using a pair of 100~watt household
lamps, Projection lamps are often used in

O LIGHTING SYSTEMS

LIGHT
! SHIELD

—— -

PY IMAGE

FRONT PROJECTION with
A REFLECTING PROJECTOR
SHOWS THE IMAGE ERECT and
NORMAL LEFT-RIGHT, THE
LINE OF PROJECTION CAN BE

HORIZONTAL or VERTICAL
- -
EXTENSION TUBE
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trt,'g \ T\ TO GET 1%
3y LENS i_\
- F.L=8 ALtow 14"
[ clearance
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o ¥ 2
x [*5Q: r
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OPTICAL LAYOUT BEGINS LIKE A STRAIGHT-SHOT
PROJECTOR. THE TRAVEL NEEDED FOR FOCUSING CAN BE
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commercial projectors, but they are too hot
for wood construction, An inexpensive circular
fluorescent lamp can be used if you want an
especially cool projector to protect delicate

copy.

MAGNIFICATION SCALE. A full-size scale for
any projection lens of 8 in, focallengthis shown
in Fig., 17. This solves the common problems
of lens movement and magnification, It can be
seen that low M, is expensive in terms of box
size, while high M, is easily obtained with very
little increase in physical size,

OUTSIDE MIRROR, The erectingmirror is often
placed outside the light box, Fig. 18 shows the
conversion of the plain box already described.
The image is seen erect and normal on a white
screen or drawing board, Sometimes the mirror
is attached directly to the lens and moves with
it, Fig, 18, In either case, rack-and-pinion
focusing is desirable and can be obtained with
the simple construction shown, A compact and
practical wall mounting can be made in a
"sidewise' position, Fig, 20, This shows an
erect normal image as usual, The side position
requires a change in lens orientation which
must be rotated a quarter-turn, Also it will be
apparent the mirror box need not be square--it
can be sliced in half on a 45-deg, angle, as
shown,

WIDE FIELD PROJECTOR, The Metrogon lens
is well-known for its extremely wide field of
90 degrees, This lens is not fast, being about
£/5.6 and so less than half as bright as an /3.5
triplet, However, the projected image is flat
and distortion-free from edge to edge, Fig, 21
shows a box for a 6-in. f.1. Metrogon, The lens
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is purchased in a barrel and needs to have a
rack attached. The sliding carriage type of wall
mount permits easy detachment of the projector
for table use,

STANDARD PROJECTOR. A lens of 8 in, focal
length is a common standard for opaque pro-
jectors. Fig. 22 shows the Metrogonbox slightly
altered for this focal length. Fig, 23 shows a
similar box designed specifically for an 8 in,
lens, Bothdesignsuse a standard 5x7-inch first
surface mirror; box on this page hasthemirror
held in place with 1/8 in, thick held-in strips,
plus a brad at either end to keep the mirror
from sliding out,

Start building this box by making two sides
of 1/2 in, plywood; one of these can be sawed
in two later to make a door, Rack-and-pinion
focusing is conventional but you will need an
extension to the standard 2-in, length of pinion
wire commonly sold, The lens rides in a turned
plastic sleeve cemented to the lensboard; this
will eliminate the jamming often encountered
with a plain hole in a block of wood, An extra

ORAW
COPY, _glass  LENSBOARD WG,

1

5% »k

i

LENsBOARD

Nl

Yo 3/4'%# TG
LWALL MOUNTING
(See previous page)

measure of extension is provided by a sliding
lensboard, which is pulled out for low {1x)
magnification, The open bottom of the hox
permits projection of small flat objects. Vent
holes or metal ventilators should be fitted
as needed to allow cool air to pass through
the box,

FREE LENS, The general idea of a free lens
can be expanded to allow both reduction and
enlargement with the same projector in the
same overall length, Fig. 24 shows three
typical setups. The moderate light spill will
not usually degrade the image contrast, but
some shielding may be necessary, Reduction
is seldom used for drawing--the way you use
it is with photographic paper such as Kodak
Direct Positive to make photo prints,

DIRECT POSITIVE
PAPER

FREE LENSBOARD PERMITS
ENLARGEMENT OR REDUCTION
IN SAME OVERALL LENGTH

Two-mirpor CONSOLE SHOWS ERECT
IMAGE with REAR PROJECTION
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For PHOTO PRINTS by REAR
PROJECTION You NEED ONU
ONE MIRROR for NORMAL 1M




The Camera Lucida

CREDIT for the origi-
nalcamera lucida goes
to W. H. Wollaston,
English physicist, who
invented it about 1804,
Fig. 3H shows Wolla-
ston's design, a "split-
vision' type with a

quadrilateral prism.
A number of variations
have been made and sold throughout the years
and the '"lucy" is today as popular as ever.
What the lucy does is to projecta virtualimage
of any object onto the drawing board surface,
where it can be traced with a pencil. The gen-
eral idea of the whole thing is right in front of
youreyes every time you look out of a window--
withachina-marking pencil youcould draw what
you gee on the window glass.

IMAGE SIZE. The simplest lucy is a plain
piece of glags, Fig., 1. Looking at the glass,
you can see the object by reflection, and your
eve will form a virtual image on any surface
below the glass. You are also able to look di-
rectly through the glass at the drawing board
and pencil, The image size is in direct ratio
to image distance-object distance, as shown
in Fig, 1 example,

@ OPTICAL SYSTEMS
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RIGHT ANGLE PRISM wifh sikered hyp. g ¥ 11"

(CEMENT TO UOOD. METAL ROD
EDNMUNL N (ALum. or SteEL}

AuxtLiaRyY
fichen needad)
20mm, MNX
SHOWN, LIGHT TRANSMISSION, When plainglassisused
as a reflector plate, the image is formed by a
. N weak 5% of the total light from the object, as
¥ shown in Fig. 2. This is still plenty of light to
PAN HD. A ylm ¥ PRISM LuCyY see the object; the fault is only that the image
REW BN SHOWS ERECT may be washed out by too much room light
&« ¥ —r AR IMAGE ... Yo Y " Y ight on
Y... Must look Past the drawing board--you have to keep the draw-
SECTION S~ Eﬁ? of Prism ing board somewhat shaded, The weak image is
— 1 A{Imf%'z?}“ ijff"ﬂ Board. self-compensating in that you can see the pencil
‘ and drawing board with maximum clarity--you
do not need strong lighting at the drawing board,
oRiLL DR“—‘-%"\‘ ories” A first surface mirror would produce the
T = ]I j T stroleg]est ;mzigettolllo?;ch at,d bult yofil ctould 1n;;:»t
“ I 1 see throu it at all. e ideal reflector plate
BRACKET - 4ty uood } l I i® i would be gone with about 30% reflection andp7 0%
L L L_‘__,/ - transmission, which combination would show a
6 9_;1 strong image and yet provide a clear view of

the drawing board, Fig. 2, Certain mirror-type

beam splitters have the desired characteristics,
guch as Edmund No, 578. The interference
ECT IMAGE DISTANCE (£YZ O ORAUNNG) coating is practically invisible; the coated side

%‘N‘Cﬁ 8" 10" 12" 16" | 20" is the side which shows a single reflection when
" + Ll + " " " L1 . . . . .
4 g |+ et e touched lightly with the tip of your fingernail.

6' | 2| 15, | 9, 8.,
8" o Lens | +40" 24" | 416" pRET OPTTICAL SYSTEMS, There are. two general
016 810 Y06 230 optical systems for the cameralucida, Examples
10" -40" | NOLENS | 1607 | +26 | +2Q0, | A to E in Fig. 3 are reflecting lucys, The other
12 -24" | -60" | notEns | +48" | 30" --and original--system makes use of a prism.

&10 /53¢ 29 742 . P .

14" 18" 35" 84" | 412" +a7" The simplest example of this is shown at F in
| 457 CLid /3y 2845 119 Fig. 3. Like the reflector plate, the object is

i - pu— -— "
16 1906 1156 4,.1,9 NO LENS T seen by reflection. However, the drawing must
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HOMEMADE PRISM LUCY.The homemade prism
lucy is a very simple project in plywood con-
struction, as shown in Fig. 4, The prism must
have a sharp edge since it is this area you use
to see the object. The prism overhangsthe wood
support by about 1/81in, toeliminate any possible
interference of your sight line past the edge of
the prism. In use, you must anchor your eye in
a fixed position, because the image will move if
you move your head, This is the main reason a
small prism is used--it confines your eye. The
prism specified is a bit large, which fault can be
corrected with 1/8 in. strips of masking tape
applied to either side of theprism surface facing
your eye, Two screws in the front of the prism
support provide a mounting for 30mm diameter
auxiliary lenses.

AUXILIARY LENSES, Short focal length lenses
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are used as magnifiers, allowing youtodraw ob-
jects larger than life size. The long {.l, positive
lenses and all of the negative lenses are used
mainly for spectacle correction, which may or
may not be needed, Ingeneral,if you are a young
person with normal eyes, your ability to focus
your eyes near or far (accommodation) will be
excellent and you will be able to work at various
object distances without discomfort. Most

persons over 45 will do best with a corrective
lens, The exact f,1, of this is non-~critical; any-
thing within 25% of the calculated values in Fig,
9 will do the trick, The whole idea is simply
that you can see the drawing okay at some near
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distance, say 16 inches, The specified corrective
lens will then bring the object intcthe same range.

REFLECTING LUCY,. This construction is pop~
ular because it eliminates the glight annoyance
of split-vision., A poor feature is that auxiliary
lenses must be 2-1/2 or 3-in, diameter to main-
tain the field, Fig, 6 design has the reflector
plate supported by wooden sidepieces, the whole
pivoted on screws to provide a tilt adjustment
which is useful when you wani a view loocking
down on an object, The revolving eye turret has
two holes, the smaller being best to anchor your
eve and so prevent image movement.




