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How to Build

paque
rojectors

EDMUND SCIENTIFIC CO.
BARRINGTON, NEW JERSEY

A PROJECTOR is simply a camera in reverse,
as can be seen in Figs, 1and2, These diagrams
also illustrate the fact that if you use any kind
of camera lens as a projector lens, it should
face out of the projector box in the same way as
the camera. In both insiallations the lens faces
the longer of the two conjugate distances.

The opaque projector isusedtoproject opaque
copy, such as clippings or photos, and in this
way is distinct from the transparency or slide
projector which projects transparent copy. With
any given amount of light, the screen image
formed by light shining directly through trans-
parent copy will be much brighter thananimage
formed by light reflected from opaque copy. A
high-wattage slide projector can coften compete
with daylight, but the opaque projector invariably
requires at least a semi-darkened room,

The simplest opaque projector is a''siraight-
shot'" box, Fig, 3, Such an arrangement doesnot
produce an erect image, and even if youturn the
copy upside down, Fig., 4, the image remains
reversed, If the image produced by a straight-
shot box is formed on a translucent screen and
viewed from a position opposite the projector,
the image is seen erect and normal left-right,
Fig. 5. Rear projection of this kind has many
applications, However, the more common way of
viewing the projected image is from the same
side as the projector, and for this arrangement
it is necessary to introduce a prism or mirror
into the system to revert the image, Fig, 6.

Usually you will want an opaque projector for
one of two main applications: (1) as a picture
projector for visual use only, (2) as a drawing
projector, Brightness is the first requirement
for a good picture projector, while the drawing
projector can be dimmer but requires excellent
definition and freedom from distortion,
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LIKE MOST optical instruments, the construc-
tion of an opaque projector begins withthe selec-
tion of a lens, The desirable features--good
definition and illumination over a wide, flat
field--are found in any f/4.5 or faster photo-
graphic objective of 6 inches or more focal
length, Enlarger lenses are similar, The main
thing against these anhastigmmatic aristocrats is
that they cost real money. At the other end of
the price scale is the single meniscus which
can be made for about 50 cents and which does
surprisingly well on small copy.

When two meniscus lenses are assembled
symmetrically around a central stop, some of

the faults or aberrations of the simple lens can-
cel out, but a few others--unfortunately--pile
up, being worse for two lenses than for one,
However, on the whole, the symmetrical duplet
is an improvement over the single lens, In par-
ticular, it is completely free of distortion at
unity (1X) magnification, and nearly so for all
magnifications. Because of their ready availa-
bility, most simple lens duplets are made with
plano-convex lenses. Comparing PCX va menis-
cus: The meniscus has slightly softer definition
but retains good imagery over fairly wide fields
up to 40 degrees; the plano-convex is a little
sharper down the center butispooreratthe edge
of field,

An achromatized photographic duplet is better
than the simple lens duplet. Although no longer
manufactured, you may be able to locate in
camera and secondhand stores such a 'Rapid
Rectilinear' in a suitable focal length. Usually
the speed will be no more than /8, but for pro-
jector use you can "open it up' to f/6 with en-
tirely satisfactory resulis, Another ocld-timer
is the Petzval, once the favorite lens for slide
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symmetrical construction with excellent correc-
tion for flatness of field over an amazing angle
of 90 degrees. It is a hair less sharp at center
of field than either a good Petzval or Cooke
» triplet, while its speed is rarely fasterthan £l6,
The outstanding feature of the Metrogon is its
wide field which is fairly sharp all over and
free of distortion right out to the edge,
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since you can get objiect-image distances by
merely referring to Table 1, This table also
shows what size of square copy you can cover
with good definition if your lens is capable of
covering a 20, 30 or 53-degree field angle, For
a 40 degree field (as for a projection Cooke
triplet), twice the size of a 20 degree field is a
near-approximation,

MAKING A SIMPLE LENS DUPLET, Either
plano-convex or positive meniscuslenses canbe
used, and spectacle lens guality or better will
work well to about 10x magnification, Table 2
gives suitable values, The most practical focal
lengths are in the neighborhood of 8 inches, In-
cidentally, if you usge a lens of 10 in, or more
focal length and view the screen from the pro-
jector, the magnificationis purely psychological,
You have to believe a 20 ft, man on the screen
is magnified, but since each unit of M, is obtained
at the price of 10 in. or more greater viewing
distance, thereisno actual angular magnification
nor will the big picture show additional detail,
With a lens oflessthan10in, £.1., there is a real
gain in angular magnificaticn,

The space between lenses given in Table 2 is
about average, and a little more or less will make
no difference other than changing the {,1, of the
combination. Closer spacing will make the com-
bination a little shorter, while wide spacing will

increase the f. 1.
The stop is important, In additiontoimprov-

ing the performance of the lens, the stop alsc
gerves to equalize lighting over the whole field,
as shown in Fig, 2, When the stop is eliminated
the image sharpness suffers while the gain in
brightness is confined solely to the center of the
screen image., A small stop will makethe screen
image sharper but it will be dimmer, The in-
evitable compromise is somewhere around /6,

FRONT MENISCUS, Suitable specifications for
this construction are givenin Table 3, In general,
the single lens is just half of a duplet, With con-
trolled lens curves, the stop position is some-
what critical, but with spectacle meniscus, any-
thing in the neighborhcod of the value specified
can be used with no visible change in the per-
formance of the lens, The single lens with stop
works surprisingly well considering its relative
low cost,

OPTICAL LAYOUT. This is detailed in step-by
-step fashion in Fig. 6 for a typical projector,
After making such a layout you may find it
necessary to make some revisions, In many
cases you will have only alimited amount of lens

R OPTICAL LAYOUT
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movement and this must be used to best advan-
tage to get the magnification range you want
within the physical limits of the box. How this
design finally works out {one solution) is shown
" on page 9,

If you use an inside mirror, the size should
be determined by the size of the light cone at
lowest magnification, the low M, light cone being
a little larger than high M, The iayout for an
outside mirror, Fig, 7, is preferably drawn for
high magnification, being the reverse of the in-
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side mirror situation, This refinement in de-
signing need not be pushed too much--2X is low
enough for lowest M. and 4X or 5X does for
high M. Notice that you mustallow for the exten-
sion of the lens in locating the position of an
coutside mirror, Fig., 7, unless the mirror is
attached directly to the lens mount, Fig.8, In
all cases an outside mirror will be larger than
an inside mirror for the same projector,

LIGHTING S5YSTEMS, Many systems are uged
in projector lighting, I'ig. 9. Most of the better
commercial jobs areone-lamp designs with sup-
plementary reflections from plane or concave
mirrors, The familiar two-lamp system, J,
Fig. 9, is popular because it is aneasily under-
standable means of securing even illumination,
Although not bright, fluoreccent lighting (I) has
the commendable feature of cool light which is
ecpecially desirable when delicate or valuable
copy is being projected, The paraliel beam sys-
tems, D, E, and H, are more expensive, more
complicated, and are not often used in home-
made projectors, The main advantage of the
parallel beam is that it can be decigned to give
even illumination without glare spots. While
most of the better commercial opaque projectors
make uce of high-wattage projection lamps, the
amateur builder will find his best friend is the
ordinary 100-watt household lamp in either in-
side frosted or =soft white glass, The inside
frosted lamp is a little brighter but the soft
white shows less glare and can often be used 1o
advantage when projecting glossy photos, Worth
noting is the fact that if youuse 100-watt house-
hold lamps, it is poecible to substitute No, 1
photofloods for short-period use (not over 5
minutes) if you want to see a particular piece
of copy real bright, If you want to use this type
of lamp for regular use, it is necessary to use
a blower,

Some of the basic principles of projector
lighting are shown in Fig. 10. The strongest
light is obtained by keeping the lamp close
to the copy and beaming square-on as much as
practical., The latter feature is somewhat com-
plicated by the fact that the sgquare-on beam
will reflect into the lens, as shown at C, This is
of no consequence if the copy is dull paper, but
on glossy paper or glossy photos, any direct
reflection will show as a bright flare spot in
the projected image, The best compromise is
45-degree lighting,

Brightness can be greatly increased by using
suitable reflectors, One common type of reflec-
tor is the plane mirror. The angle and size of

® FIRST PRINCIPLES OF LIGHTING

DISTANCE ANGLE OF INCIDENCE  ANGLE oF REFLECTION
THE CLOSER THE LAMP, THE “HIGHER" THE DIRECT REFLECTIONS
THE BRIGHTER THE ANGLE, THE BRIGHTER WILL CAUSE GLARE
COPY. 3706 THE COPY. 8% et |F COPY 1S GLOSSY

ALL THIS
LIGHT

STED
EA- | T,

WASTED LIGHT

PROTECT THE LENS
FOR BEST CONTRAST AND BRILLIANCE,
STRAY LIGHT FROM LAMP, MIRROR OR
BOX SURFACE SHOULD BE ELIMINATED

YOU CAN MORE THAN
DOUALE BRIGHTNESS
WITA SUITABLE REFLECTOR

OF LAMP

ANGLE AND S{ZE OF A
PLANE REFLECTOR

A PLANE MIRROR WiLL
REFLECT 90% OF LIGHT
BUT BRIGHTNESS FADES
WITH DISTANCE

a8 plane mirror reflector can be determined by
following the procedure shown in Fig, 11, Bright
tin or chrome is nearly as effective as a glass
mirror, One of the most practical reflecting
materials is bright aluminum {oil laminated
with asbestos paper, making a combined re-
flector and insulator. If this product is not
available locally, you can make your own by
pasting aluminum foil on asbestos paper.
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projectors

OPAQUE PICTURE PROJECTORS intended for
visual use only should show the screen image
as bright as possible. One directwayofachiev-
ing this is to keep the projector close to the
screen, which is to say you aveid high magni-
fication. A top of about 12X is about the limit
for most small projectors, with 7X or 8X the
comfortable average for best brightness, The
instruments described here are tested designs
in all-wood construction, easy tobuild, andideal
for home or hobby use in showing photos or
clippings.

SIMPLE TWO-LAMP DESIGN, As shown in Fig,
1, the simple two-lamp design isaneasyproject
which you should be able to hammer together

in a few hours. This is a 'table'" model in the
sense that the copy is placed flat on a table and
the projector is placed over it, Handleg may be
added to the box if desired to aid in this mani-
pulation, The lens shown is a single meniscus,
a bit on the slow side at f/8.7 but nevertheless
fairly bright because of the high transmission
of the single lens, The same box can be used
with a duplet of about 7-1/2 inches focal length,
Reflective material should be fitted to three
sides of the box, as can be seen in the bottom
view drawing. The inside of the plywood bottom
can be painted or stained black in order to put
a dark frame around the projected picture.

ONE LAMP DESIGN,. Fig.2 shows a neat, com-
pact table model offering good screenbrightness
with a single 100-wattlamp, Lensequipmentcan
be any lens of 7 to 8 inches foecal length, the
ideal being a fast Cooke triplet. Withthe lighting
system shown, the edge of copynearestthe lamp
is overly bright; this is corrected by cutting off
some of the edge rays with a reflector, at the
same time directing the light to the far side of
copy. The plane mirror on the far side (opposite
the lamp) also helps the illumination of this
area, The netresultisfairlyevenlighting, which
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with a fast f/3,5 lens produces a bright and
pleasing screen image, Slower lenses will also
put on a good show, Like any projector, this box
permits a modest variation in fécal length, as
shown at bottom of Fig, 2,

A 10-INCH BOX, When you want to cover big
copy, one solutionisalens oflonger focal length,
A typical box with 10 in, lensis shown in Fig. 3,
When you get into bigger boxes, it is not con-
venient to pick up the box and place it over the
copy. Instead, the copy is placed on a copy
bhoard, which is pushed inio the box, as can be
seen in top drawing, Fig, 3, This construction
also permits a greater range of lens-to-copy
distances, making it possible to obtain low
magnifications which are not possible with the
average table model, Lenses other than 10-in,
f.1. may be used if desired,

FLUORESCENT LIGHTING, Although only 22
watts, the 8-inch size circular fluorescent lamp
packs a lot of light at short range and is prac-
tically as bright as a 100-watt filament lamp.

n

CoPY BOARD SHELF(2)
Ya x 8% x 9 Lrvwoon

The best way to obtainthe lamp andparis for the
projector shown in Fig. 4istobuy a white enam-
el kitchen fixture {(about $8), The base of this is
trimmed down to fit inside the box andthe center
ig cut out, as shown. The ballast is fitted to the
back of the box and all of the original wiring
can be used intact, The instant-start lamp
specified is a convenience but uses a heavy
ballast weighing nearly 3 lbs, Cheaper fixtures
will usually have a conventional startlamp using
a lightweight ballast of about 1 1b,, which com-
bination may be preferred for the weight-saving
feature,

This box can use any lens of 7 to 8 inches
focal length, Copy to about 5-1/2 in, square can
be covered with a Cooke triplet, A simple lens
duplet can show the same size fleld but the
definition at edges will be poor, Cool flucrescent
light permite this box to operate without vents
of any kind although a few small holes in the
top above the ballast would do no harm.,

BASIC BOX FOR BIG COPY. Big copy in a pic-
ture projector starts at about 6 in, square. It
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takes a lens
cover this field unless you are using
extremely wide-angle type like the Metrogon,
A popular choice is an 8 in, Cocke triplet,
preferably in spiral-groove barrel for easzy
focusing,

In a darkened rcom you can go to 15x on
photo copy with good wvisibility and contrast on

of at least 8 in, focal length to
some

the screen,

The projector box itself can be any style,
the one in T'ig. 5 being conventional construct-
ion in plywood, The box is made acouple inches
longer than is actually needed in order to
space the lights wide to eliminate the glare
spots at edges of glossy copy. It is very
important to eliminate light leaks foward the

screen, and to this end the freont edge of
the top is fitted with a doubling piece of
wood, as shown. The box is dimensioned for

high M,, the lowest magnification being 5x.
An auxiliary base (see below) can ke used
for low magnifications,

jector, The example shown

easily applied to any other
base can be made as deep as

to clear the bhase,

the low magnification you want.
the projector power cord should be high enough

Auxiliary Base for Low M.

A shallow bottomless box with two cleais to
support the projector will give you a range
of low magnifications with any table top pro-

is dimensioned

for the projector above, but the general idea is

projector. The
needed to obtain
Note that
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DRAWING PROJECTORS

IF YOU find horizontal projection satisfactory,
any of the boxes already described may be used
as a drawing projector, Most artists prefer
vertical projection. This involves a little extra
work in making a wall or table mount, all of
which is repaid tenfold in convenience of opera-

tion.
"APPLE BOX' PROJECTORS. Get an apple box Al P
and add slotsforacopyboardanda couple lamps T 'COOKE TRIPLET 49" 14

. . . 7O DRAWIN
and you have a simple yet practical straight-shot

projector, Fig, 1, Working with such a box, the
artist will usually trace the projected drawing
on tracing paper, which is then "flipped” and
retraced on the actual art work. In keeping with
the simple construction, the lens ispreferablya

..‘.“_“
R

d ettt el it B
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redi-mounted Petzval or Cooke Triplet with 15"
rack-and-pinion focusing mount, Spiral focusing
(A, Fig. 1) is equally good, Simple slide-fit,
push-pull focusing, C, is not practicalifthelens
is heavy but is satisfactory for a lightweight e y

barrel if given a fair amount of tensionto guard
against the lens falling out of the mount,

WALL MOUNT, If you are making a wall mount 4"~—“—£,3§’J’r 2’2.; """ '
at all, goallthe wayandadda counterweight. The
simple style shown in Fig., 2 can be used with

7} PULLEY

any box although the cross-section may be varied Yox3a

to suit some particular weight you may have : LA l!’z"DIA-J A 4%
available, or to set the lens a greater or lesser 3 Nes /

distance from the wall. The average box will “&{\\‘\\\\&‘\1

M
MRS

!’/e ]
o a

weigh 7 to 10 lbs., 8ince there is some friction
drag, the counterweight can be a couple pounds

e N

TENSION

%" DiA., 2" LONG
PINION SHAFT
ﬁmmmi?ﬁ-tﬁ @ HOMEMADE RACK-and- PINION LENS MOUNT
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lighter. If you use a peositive clamp onthe track,
as shown, a 6 lb, weight will be satisfactory for
boxes up to 12 lbs, The slides can be attached
directly to the backoftheprojecior box, although
a nheater and more useful arrangement is the
sliding carriage which permits ready removal
of the projector from the wall mounting, Fig. 6
shows this kind of mounting,

TABLE TOP PROJECTOR. The simple table
top installation used for most picture projectors
is also satisfactory for a drawing projector,
The table model is almost a must when you
get into projection lenses over §in, focallength,
since the ceiling height of the average room
limits the distance at which the projector can
be placed frorn the drawing board, With a table
top design, of course, the projeciion distance
has no such limitation, making long lenses
up to 14 or even 16 inches practical, The
chief merit of the long lens is that it lets you
cover big copy up to 06 inches square ata
moderate field angls of less than 30 degrees.
Simple plano-convex or meniscus duplets are
commonly used, as shown in Fig, 4design. The
long barrel cuts off a little of the light, but

m T & ” A T £ : AR AT ;! ARATRATTTLTRATYE SR VRRAVRRVRARS ‘! TR
MEN ISCUS DUPLET 1o
E.F.L.= 143/4"

M =33x to oo

LENSES ARE
B8 % 667 mm MENISCUS,

N

14

the light loss is moderate; the idea of the non-
symmetrical long barrel is that youcanreverse
it end-for-end as needed; the shortendofbarrel
is faced toward copy when you want fo getin
close as needed for high magnification, while
the long end faces the copy (as shown) when
you want maximum lens to copy distance as
needed for low magnification,

The alternate meniscus is shown in a short
barrel, with central stop of maximum diameter,
The hig stop will make the screen image much
brighter, but with some loss in sharpness which
becomes rather poor on big copy at highmagni-
fication, A front stop of smaller aperture may be
fitted and uzed as needed toincrease sharpness.
Simple slide focusing isused, an adjustable wood
collar around the lens barrel providing the de-
sired tension. If you want low (2x)magnification
with the long meniscus duplet shown, the box
should be made a couple inches taller, Alter-
nately, an auxiliary base, as shown on another
page, can be used for low magnifications,

FLUORESCENT LIGHTING, If 5 x5-inchcopyat
2x is blg enough for your work, a fast7 or
B8-inch Cooke triplet in combination with a
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circular fluorescent lamp adds up to apractical
and attractive drawing projector, as shown in
Fig. 5. The small 9-inch diameter lamp is used
in this design; also available is a larger, 12 in,
diameter lamp which could be used to make a
larger projector, It will be noted that the
lens must view the copy through the central
opening of the circular fluorescent lamp, and it
is this feature which limits the copy to about
S inches square in the design shown,

15

The lighting components can be obtained by
purchasing an inexpensive white enamel 22-watt
fluorescent kitchen fixture, The center of the
fixture base is cut out 4-1/8 inches square,
and the base is trimmed down as needed to fit
ingide the box, as can be seen in the drawing.
The slant top of the box is hinged in order to
permit removal of the mirror for cleaning, The
lens shown has a grooved barrel for spiral
focusing, L.acking the spiral, a plain barrel
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can be fitted with a 1/8 in, rack for rack-and-
pinion focusing--a single screw at one end will
hold the rack secure, and this can usually be
fitted without removing the lenses from the
barrel, Simple slide focusing can alsc be used,
preferably with a flat spring or other tension
device to make the lens stay put.

DRAWING PROJECTOR WITH METROGON
LENS. A good design for a top-quality
drawing projector is shown in Fig. 6. The lens is
a 6-inch focal length Metrogon in barrel without a
stop. Whether or not you care to add a central stop
is a matter of choice. The situation is simply that
without a stop, the image is bright but not too sharp;
with a stop with central opening 7/8 in. diameter for
/5.3, the image is less bright but much sharper.
Generally, for a drawing projector, where definition is
more important than brightness, it is best to use a
stop.

In a conventional light box with inside mirror,
it is impossible to take full advantage ofthe wide
90-deg. field of the Metrogon lens, Using about
two-thirds of the available field angle, you can
cover 8 x 9-inchcopy at4x, andupto 11x12-inch
copy at 2x. The whole projection range is from
1x to 4x, The mirror hag a tilt adjustment to cor-
rect distortion which may be present in photo
copy. For normal work, the mirror is adjusted
until a grid of ruled 1-inch squaresis seen to be
perfectly square inthe projectedimage, Thegrid
should be pasted to the copy board to provide a
constant check for squareness and magnification,

The lens iz purchased in a barrel and needs
to have a 1/8 inch rack attached, which can be
done with one screw orrivet, The drawing shows
one side of the barrel cut away at a 30-deg.

angle to minimize light obstruction. However,
this is not essentidl--try the box without cutting
the barrel and decide for yourself if the lens
cuts off too much of the picture, The big first
surface mirror must be cut fromthenextlarger
stock size, which is 8 x 10. Youcan use a 5 x 7-
inch mirror and get nearly full coverage, If you
use a second surface mirror it should be no
more than 1/8 inch thick to lessen the spread of
the faint double image.

BEST LIGHT WITH TRIPLET. A good-quality
triplet of 8 inches focal length will cover about
the same copy as the 6-inch Metrogon, with the
desirable feature of more light., This makes a
good table projector and with lens in horizontal
position, simple slide focusing becomes entirely
practical. The light box itself is the same as be-
fore, Fig. 7, but with sheet metal ventilatorsin-
stalled on what is now the top of the box, Money-
wise, this is a more practical project than the
slower Metrogon; the Metrogon with shorter
throw is more compact for wall mounting,
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The Edmund Library Of “How To" Books

SOLARIA

Your buiider can modify or actually use the cemplete blue
prints included in this book developed by Edmund, Homan,
Thomason and Malcolm B, Wells, the renowned ecological
architezct. This modern, earth covered (if desired),
masterpiece  includes the patented and home tested
Thomason “Salaris Systern™, the only practical working
gystern {can cut tonventional heating costs by as much as
2/3)...proven for over 10 years, No. 9489

BUILD A METHANE GENERATOR

A hamaesite power unit that uses “fres”™ waste arganic matsrial
8% its energy source. B0-page book has plans and everything
you need to know about designing and building a Methane
Generatar for 'your home, farm, etc. No. 9485

DAILY WEATHER LOG

Thislaglets you keep daily weather patterns for one fuil year.
Each page has a spot for recording detailed infarmation on
temperature, humidity, pressure, wind, clouds, ete. Thera's
even a spot for comparing your prediction and the official
prediction against the actual weather. No. 9572

HEAT PIPE IDEA BOOK

16 pages loaded with ideas on grigin, advantages, applications,
and suggested uses of thermal transfar with heat pipes, Written
by Aobert Roth, Thermal Transfer Specialist. MNo. 9897

EOMUND MAG 6 STAR ATLAS

Sam Brown's new book shows all stars to magnitude 5.0 to 60
degrees south declination. The scale is a convenient 1/8™ per
dagree which allows you to measure eyepiece field with an
ordinary ruler, 36 pages. No. 8118

STAR-CHECKING YOUR EDMUND TELESCOPE

Written by professional astronomer James Mullaney, this 8
page booklet provides excellent standards for checking any
telescope’s opticel performance without any  special
equipment. No. 9640

GUIDE TO PRACTICAL HOLOGRAPHY
Detailed and basic information on the concepts of holography,
setting up your own lab, etc. 62 pages. Nao. 9482

YQUR HOME'S SOLAR POTENTIAL

Here's a book that tells you if it's feasible for your home to
ba solar heated| It only takes 1 hour and when you finish
yvou'll knew how your house stacks up...in addition to being
able to cut your fuel bills by rating your current insulation,
room use, home layout, living habits, etc. Prepared by expert
solar heating consultants. No. 8516

EDMUND SCIENTIFIC CO.

POPULAR OPTICS

Everything you need or want to know about optics! How to
build demanstration instruments, make your own magnifiers,
tosting methods, etc. 192 pages. Ne.

FIBER OPTICS IDEA BOOKLET

100 exciting design and application idess for fiber opties.
Includes ideas for industrial, decorative, display and science
fair uses. 16 pages. No. 9095

FUN WITH FRESNEL LENSES

Plans and instructions for building an Image Brighterer, Salar
Furnace, Camp Cooker, Overhead Projectos, and Camera
Obseura. 16 pages. No. 9053

ALL ABOUT TELEPHOTO LENSES

36 pages about telephoto systems you can build. Also includes
discussion on taking long distance photos through binoculars,
bast types of filters, exposures, etc, Ne. 9036

BUILDING A CONDENSER ENLARGER
Directions for building a fine enlarger for negatives of any
size. 16 pages. No. 9038

HOW TO BUILD SLIDE PROJECTORS

A complete manual in 20 pages covering the optics and can-
struction of 35mm slide projectors. Plans include several in-
expensive utility designs, micro projection, reat projection,
and overhead slide projector. No. 9014

EDMUND UNIQUE LIGHTING HANDBOOK

Revised and expanded [now 77 fact-filléd pages), this book
covars evary facet of unique lighting and raubti-media enter-
tainment with all the latest information. No. 9100

DIFFRACTION GRATING IDEA BOOK
Shows how to use the rainbow in decorations, displays,
photos, atc. 32 pages. No. 8064

ALL ABOUT TELESCOPES

The best iltustrated and most easily understood book about
telescopes and astronomy, Chapters include: “Telescopes You
Can Build,” “How To Use Your Telescope,” *Hamebuilt
Telescopes,” “"Telescope Optics,” *'Photography With Your
Telescope,” plus much more. 192 pages. No. 9094

HOMEBUILT REFLECTOR TELESCOPES
Shows how to make a reflector mirror accurate to millionths
of an inch. 36 pages. No. 9068

WRITE TODAY FOR A FREE COPY
OF THE LATEST EDMUND CATALOG
CONTAINING OVER 4,500 ITEMS

7785 EDSCORP BUILDING BARRINGTON, NEW JERSEY 08007

PHOTOGRAPHY WITH YOUR TELESCOPE

How to take exciting photos of moon and sters or distant
shots of birds and animals through the ‘“big eye” of vour
telescope. 36 pages. No. 8078

HOW TO USE YOUR TELESCOPE

A fine introduction to telescapes and the stars. Covers ob-
serving and comparing planets, finding sky obijects, telescope
arithmetic, etc. 36 pages. No. 9055

TIME IN ASTRONOMY
Solar Time, Sidereal Time, Time around the world, position
of a star, plus much more. 36 pages. No. 9064

TELESCOPES YOU CAN BUILD
Step-by-step Nustrated instructions for building 27 scopes
and 10 accessofies. 48 pages. No. 8066

MOUNTING YOUR TELESCOPE

Discusses types of mounts, how 10 mount reflectors and re-
fractars, setting circles, clock drives, slow motion controls,
etc. 36 pages. No. 8082

TELESCOPE OPTICS
Cavers focal length, image-obiect problems, ray tracing, homa-
made eyepieces, ate. 32 pages. No. 9074

FUN WITH OPTICS

Dozens of aplical projects for young oF old, carefully worked
out and diagrammed. How to build telescopes, microscopes,
magnifiers, etc. 32 pages. Ne. 9050

HOW TO CONDENSE AND PROJECT LIGHT- Revised

Now, 32 psages of text and disgrams! Describes lamp types,
gives a “light”” vocabulary, and has chapters cn: reflectors,
spotlights, fiber optics, ate. No. 9044

OPTICAL DRAWING DEVICES
How 1o build your own drawing camera, drawing projector,
and camera lucida. 16 pages. No. 9059

HOW TO BUILD OPAGUE PROJECTORS

Detailec designs for B different projectors, each to meet 3
specific need, whether visual use or drawing. Covers theory of
projector optics, etc. 18 pages. No. 9314

ALL ABOUT MAGNIFIERS
How to build a 4X flash magnifier, magnifying tweezer, low-
power microscope, plus more. 20 pages. MNe. 9002

COLLIMATORS AND COLLIMATION
Describes all types and covers: angle accuracy, tests for
Hatness, parallelism, etc. 36 pages. No, 9072
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