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This is Special Publication No. ii, It is hoped that you
will find this "Special Effects Booklet" to be of great ad vantage.
Mr. David Pguilar has over the past two years, tested and tried
many of the special effects listed here. He needs to be
congratulated on his fine work.
\Vhen a planetarium uses special devices to produce realistic
astronomical phenomena, this enhances the visual concepts and
therefore it increases learning. The planetarium profession
has been growing in complexity each year, and along with it the
programs also are more complex.
It is hoped that this booklet produced in a form that you may

add to from time to time will be an important part of your
planetarium library.

James .A. Hooks
Past President
International Planetarium Society

I would like to thank the following people who so generously
contributed their time and expertise to participate in this project, John
Cotton for keeping me on track with those midnight phone calls from
Texas, Don Hall for the postcards saying "Is it ready yet?", and
especially Don McDonald for showing me how marvelous special effects
can really be.
David A. Aguilar
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ABLATION TRAIL
ABLATION TRAIL PROJECTOR, depending on its motor speed, can be
used either as a passing rocket (1-2 RPM) or a bolide (5-10 RPM).
Use a very heavy duty motor to move the projector or else you
will get a very jerky motion across the sky_ A Hurst 600 inchounce reversible motor works well.
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ASTEROID BELT
In the ASTEROID BELT IN MOTION projector, two cylinders, one
within the other, rotate in the same direction at different
rates of speed. This is accomplished using four gears, all
of different sizes. The cylinders, which are made of metal
to avoid heat warping or melting, were covered with aluminum
foil which was perforated in a random pattern by placing it in
a telephone book with a sheet of medium fine sandpaper and hammering on the book until the desired pattern was attained, hole
size, etc.. The aluminum foil was then cut to size and epoxied
onto the hardware cloth cylinders. The inner cylinder's holes
were made considerable larger by punching holes at random with
a sharp pencil.
See drawings for assembly data. The result
is a shimmering band of star-like and larger objects moving in
a continuous stream across the dome.
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ATMOSPH R}IUM
To make an ATMOSPHERIUM for a small nine meter planetarium,
two Bell and Howell Cube projectors are modified by substituting short focal length fisheye camera lenses (7.5mm-17mm) for
the projection lens module.
Inexpensive lenses can be found
advertised in the back of such photographic magazines as Modern
Photography and Photography.

Excellent all sky pictures are made from Eastman Kodak Ektachrome
Infra Red film using a Wratten #12 yellow filter exposed at an
ASA rating of 100. The film should have continuous refrigeration prior to use to retain the color balance. The slides are
made as lapsed time photographs at a picture taking rate of
three pictures per hour. A thirteen hour and twenty minute day
can be recorded on a total of eighty slides. They can be "replayed" back at any desired rate using an automatic disolve
unit.
Against bright skies, it may be necessary to use a neutral density filter to bring the exposure within the range of your shutter speed and aperature available.
If a friendly cloud is not
handy to mask the sun, it will be necessary to create an artificial eclipse to prevent fogging the frame to insensibility.
Kodak has phamphlets on the infra red film and on creating artificial eclipses for photographic purposes.

When ordering the projection lens, make sure you can adapt it
to your own camera body. When used as a projection lens, the
format of the slides used will have to be enlarged.
Fortunately
a simpl~ method exists for enlarging the image as required.
At least two slide processing laboratories will make a 1.46X
enlargement of a standard 35mm slide to an approximately 46mm
diameter on the superslide format.
Therefore, it is quite convenient to make the originals in a standard 35mm camera.

Figure 1 is a schematic of the optical path that allows vertical
adjustment of the projector to a horizontal projection position.
Figure 2 shows how the adjustment is accomplished and how the
lens is mounted.
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AURORA
AURORA PROJECTORS can be made by placing a motorized "ripple"
wheel in front of a 100-150w slide projector with a 35mm slide
of an aurora placed in the slide gate.
Aurora pictures can be
copied out of meteorolocical or astronomical books quite easily.
The ripple wheel is made from an 1/16"-1/8 IT thick disc of clear
plexiglass with either Duco cement or Vaseline dabbed randomly
on its surface.
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AURORA
The CURTAIN AURORA is produced when light from a 605 lamp is
reflected from a crumpled-foil surface onto the dome.
The foil
is mounted on a cardboard turntable attached to a 1 rpm motor.
The moving reflecting surface causes the curtain to shimmer and
change pattern. Color can be added by taping or pinning a skirt
of multi-colored filters perpendicular to the disc's surface
(Figure 1). With a 605 lamp, only pale yellows, blues and pinks
are suitable. Darker colors may reduce the light output too
much.
If you desire brighter colors or want to use the projector in a large dome, replace the 605 lamp with a GE 1424 6v
lamp.
The projector's enclosure can be made of sheet metal, wood, or
black poster board. The poster board is durable provided it
is not treated as a hands-on exhibit by the audience.
It is
also the simplest to build.
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Several variations of the projector are possible. Using two
in tandem will produce a complex and brighter aurora.
The motors may be of different rates to give longer periods between
pattern repetition. The size, shape and placement of the exit
opening on the enclosure can be varied to produce subtle changes
in the aurora pattern. Once you build one, you will think of
more variations.
The projector is mounted horizontally on the pedestal. The
light from the exit slit falls slightly above the horizon cutoff and extends 30 degrees vertically and 70 degrees horizontally. When in operation, the projector is not visible to the
audience since the slit is at least six inches above eye level.

AURORA
This AURORA PROJECTOR utilizes a Pepsi bottle for the lens.
When slowly rotated in front of three projected slits, a very
realistic rayed arc aurora is produced.
The container box can either be constructed out of in plywood
or corrugated cardboard. The slide is a 2" X 2" glass painted
flat black, with three very fine lines scribed in the paint.
Two green gels placed in the bottle, one around the inside, the
other across the diameter, give the aurora colour. A threequarter inch black stripe painted vertically on the bottle causes
the aurora to die out and reappear very realistically. Baffles
may be required in front of the lens to shape the aurora.
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The BIG BANG is a projector with a ragged-edge starburst type
slide in it. A rapidly spinning gelled color wheel rotates in
front of the slide. The lens is fitted with a hexidoscope tube
(Edmund Scientific). The light path is folded by a prism or
mirror and sent up an 8-inch piece of plastic tubing lined with
wrinkled aluminized mylar or aluminum foil.
A 7-inch focal
length lens is cemented on top of this tube. Supported on a
motorized rail above this assembly is a 9-inch focal length
large diameter condenser lens smeared with Chapstick. This
lens is arranged to drive from a point almost touching the 7inch focal length condenser lens to 8 to 10 inches away from
it. Driving the two lenses closer together zooms the effect.
(The focal lengths are not critical: experiment with what is
on hand.)
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The BLACK HOLE projector consists of a small opaque projector
with a small crumpled ball of aluminum foil turning slowly on
the extended shaft of a motor. The Black Hole is made by placing an occulting disc (a penny) in the light path of the projector between the foil ball and the lens. This projection,
when properly light-shielded and projected out of focus through
a blue or purple filter, beautifully simulates a Black Hole.
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BLACK HOLE
The BLACK HOLE PROJECTOR consists of an illuminated rotating
drum turning inside a gelled cover. The drum can be made from
either a piece of 2" diameter clear plastic tubing or a baby
food jar. Wrap half-inch masking tape in a spiral pattern
around the drum and paint it flat black. Strip off the tape
to reveal the clear spiral areas.
Mount the drum on a motor shaft inside the base. The outside
cardboard base cover should be sprayed flat black before it is
mounted over the drum. Experiment with different pieces of
colored gel over the opening on the cover to achieve the desired
effect.
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BLACK HOLE BINARY is created by having two sandwiched discs
moving at slightly different speeds. Both discs, with thin
(1/8") rims, are bearing mounted together (Figs. 2 & 4) and
rim driven.
Disc A has the Black Hole Kodalith artwork cemented onto one
side of it. Both discs A and Bare 1/4" plexiglass. The large
star on Disc A is dyed with red food coloring but the stellar
gas loop remains clear.
Disc B has mask B, dyed purple, cemented to it emulsion side to
the plastic. A small piece of coat hanger wire, flattened on one
one end forms the Black Hole and joins the two discs together.
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BOLIDE
THE BOLIDE PROJECTOR uses a fabricated cardboard drum with a
kodalith bolide image rotated over a smaller drum containing
the light source. The slot on the inner drum is covered with
various pieces of colored gel taped to the outside of the slot.
The adjustable support base is an added extra that really makes
positioning the projector an easy task. Make sure that you
DO NOT epoxy glue both!" bolts into the stand support without
the adjustable base matched up to it. This is the only way
to get the two support axles in place.
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BRUTE MOON ZOOM
To create the illusion of a "Landing on the Moon", a BRUTE MOON
ZOOM projector is made from two pieces of cardboard tubing that
telescope fit together. Both are spray painted flat black inside and out. At the top of the outer tube, a 2"x2" transparency of the moon is glued on. A PR-12 lamp is secured by its
socket inside the top of the inner tube. When the inner tube
is pushed up, the lamp is kept from hitting the transparency
by a masking tape stop ring secured to the outside of the smaller
tube. The bottom tube is secured to the console and the projector is pointed towards the center of the dome. By pushing
or pulling the small tube back and forth, the moon will zoom
up and down almost filling the entire sky.
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BURNING SUN
The BURNING SUN EFFECT uses two slide projectors: one regular
projector with a slide of the sun superimposed over an opaque
projection of a rotating aluminum foil ball (motion upward).
Set images to the horizon with the lower edge of the sun masked
off.
A Sawyer's Rotodisk Projector (Edmund Scientific) can be used
to make the opaque projector. The lens track portion is cut
out and repositioned to the side.
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CEPHEID VARIA LE
The CEPHEID VARIABLE projector uses a 100-500w slide projector
with the film gate enlarged to accept an iris diaphram plate
driven by a rod and cam shaft attached to a 1 rpm motor. Connected also on the drive shaft of the motor is a rod that turns
a color wheel in front of the projector lens. This color wheel
is synchronized so that as the aperature opens up, the star
turns from a white to a reddish-orange giant and then shrinks
back again as it closes.
This projector can also be used to simulate a Nova or the Evolution of a Star by replacing the color wheel with another one
of different colors.
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CHANGING SEASONS
The CHANGING SEASONS projector uses any slide projector with
a special color wheel located behind a Kodalith nature scene.
If the color wheel is placed in front of the slide, distortion
will take place as the wheel rotates. The color wheel was
painted with transparent paint (Edmund #71,607) and mounted on
a i rpm motor.
Seasonal changes are indicated by thes color
changes.
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CLOUDS
The CLOUD PROJECTOR is a very simple but effective special effect that is made from a six-inch petrie dish. The inside and
outside of the dish is spray painted with flat black paint.
The lid of the dish is smeared with black enamel to produce the
clouds on the dome. The overlapping edge of the lid is also
painted black. The lid is moved with a 1 rpm motor and the
light source is a very common PR-12 lamp. The projector should
be mounted near the center of the dome and two projectors working simultaneously give the best results.
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COLLIDING GALAXIES
The brute force COLLIDING GALAXIES projector is constructed
around a set of four surplus spur gears, the larger the better.
The galaxies are Kodalith transparencies taped to the lids of
two three-pound coffee cans. The light source is a #605 lamp.
The angle iron support bars are either soldered or epoxied to
the bottom of the cans.
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COLOR ORGAN
In a COLOR ORGAN, musical notes trigger circuits which automatically light colored lamps. Each circuit responds to a different
tone group. Bass notes trigger one channel; high notes trigger
another. Music or sound is introduced into the color organ
through a microphone or sound source (radio, tape recorder,
phonograph). Once the sound enters the color organ, the highs,
middles and lows are sorted out and used to modulate a colored
light source or projector. The color organ can also be used
to translate the human voice into light and color.
Edmund Scientific offers an inexpensive 3-channel Sound to Light
control #42,309 that can handle up to 100w per channel. It is
small enough to be placed either on top of the control console
or mounted on a rack inside it.
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COLORED RINGS
The COLORED RINGS effect supplies rings of slowly expanding
shimmering colors. The color wheel is made by sandwiching
large pieces of gel and black tape spirals between two discs
of thin plexiglass.
It is mounted in the slide plane of a
projector and motorized to turn slowly. The tube is cardboard
lined with heavy aluminized mylar. The angle at which the
tube is mounted can be varied to change the size of the rings.
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COMET
A unique COMET PROJECTOR can be quickly fabricated by bouncing
a pinhole projection off a shiny ball bearing. The pinhole
should be quite small and can be made by piercing a piece of
aluminum foil with a sharp needle.
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CONSTELLATIONS
A very simple and efficient CONSTELLATION PROJECTOR can be made
as follows.
Cut down a cardboard cylinderical container with a
slip-on cover, that has a diameter of 3!" to a length of about
3!". An ice cream container does well. To the bottom secure
a right angle of sheet metal about 1" square on each flange,
by bolting it through to a miniature screw base socket. To it
is bolted a duplicate angle using a wing nut. The bottom flange
of this second sheet metal angle is screwed to a wood base.
A clear piece of acetate is tacked over the cover opening with
masking tape and the lamp is turned on in the darkened star
chamber. Turn the stars up full and point the projector towards
the desired constellation. Dim the light as much as possible
so that the stars can still be seen. With a red felt marker,
sketch onto the clear acetate the rough outline of the constellation while looking back and forth from the dome to the lid.
The red lines should be visible projected onto the dome. Once
you have the rough dimensions to fit the constellation, transfer the drawing onto white paper, using black ink for the figure
outline. Make a contact print using Kodalith Ortho film and
tape this to the top of the projector. The size of the projected image can be slightly changed by moving the cover in or out
on the cylinder.
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COSMIC AC
The COSMIC AC projector uses a 100-500w slide projector, a motorized Bubble Wheel in the slide gate, and a Colored Clouds
Lens. A connical light shield made out of black construction
paper is placed over the Cloud Lens to reduce the amount of
light spread to the dome. Different colored wheels produce
a variety of energy fields.
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CRASHING ASTEROID
The CRASHING ASTEROID consists of a moving bright dot which
rapidly traverses the dome gaining speed as it travels. When
it reaches the surface of the panorama, the dot disappears and
an impact projector momentarily lights and fades.
This gives
the impression of a meteorite impact just over the horizon.
The dot projector can be made by mounting an aperture made in
aluminum foil with a needle.
It does not need to be circular.
This is placed just in front of a 500w projector lamp. No condensers are needed. A projection lens of about 4" f.l. is used
to form the image.
If care is taken not to run the lamp for
extended periods (more than ten seconds) no fan will be needed.
The dot image is bounced off a moving mirror to make it travel
across the dome.
The dot projector lamp is controlled by a triac of sufficient
voltage and current rating to handle the lamp used.
We used
an 8 ampere 400 volt device in a plastic tab package. No heat
sink is necessary because the lamp is only on for about 10 seconds. The 15w horizon explosion lamp serves as a gate current
limiting resistor for turning the triac on.
During the time the dot is traveling across the dome, the capacitor is charging up. R1 limits the charging current to avoid
destruction of the diode.
Its value will be determined by the
diode used.
In any case it must be small enough to allow the
capacitor to charge fully in the traverse time. At impact, the
15w lamp is switched out of the triac gate circuit and across
the capacitor.
It glows brightly and fades, giving the impression of an explosion.
The impact flare is placed in the cove right under the spot on
the panorama where the impact occurs. A bit of fussing with
black tape, cardboard, scissors, and gels will give a nice explosion.
Two power cords are required. One is connected to 110 volts
all the time. The other is switched 110 volts from the console.
To operate the effect, this switch is thrown and held until
impact takes place. The switch is then released and the projector resets itself using a microswitch.

DISAPPEARING BINARY STAR
DISAPPEARING BINARY STAR illustrates a face-on view of a double star system with one star appreciably more massive that
the other. On cue, the more massive star disappears, leaving
the small companion orbiting an invisible companion.
As shown in Figure 1, two plastic discs are used. Disc #1 is
grooved around the edge and mounted using two flanged ball bearings and an a-ring motor-driven friction puck. At its center
is an axle on which is mounted Disc #2. The mask for Disc #1
(Fig. 2) is simply two round aperatures, one smaller than the
other, mounted and gelled to represent the two stars. Turning
this disc causes the stars to orbit.
Disc #2 mounts on the axle with some spring-loaded washers so
that it will turn with Disc #1 when unrestrained. A small solenoid is mounted to pull a wire braking arm against the edge
of Disc #2, stopping its motion on cue. Its mask (Fig. 3) consists of an opaque disc with a pie wedge 6ut out of it. By
stopping the rotation of Disc #2, the inner star can be made
to appear and disappear on cue. Once the desired effect has
been achieved, release of the brake arm will cause the two discs
to rotate back into the visible two star system.
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DISTANT LIGHTNING
The DISTANT LIGHTNING projector utilizes a 14" piece of clear
plastic tubing capped at both ends with pieces of flat plastic.
The tube should be sanded with #120 sandpaper until it is translucent. A 3/4" hole is then drilled in the middle of the tube
so that a 110v 7 watt n~ght light and receptacle, wrapped in
electrical tape, can be tightly inserted into the opening.
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Another type of DISTANT LIGHTNING projector can be made by using
a baby food jar, masked off and gelled blue in place of the plastic tubing.
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Both projectors should be positioned in the cove area and controlled by momentary contact switches back on the console.
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-DUTY SLIP RING

There are occasional times when a planetarium operator-mechanic
wishes a few more SLIP RINGS in some portion of his instrument.
It is possible to double-up two circuits on one slip ring if
both the circuits control only light bulbs.
Below is a typical control circuit for a bulb with variable
brightness (such as a meredian projector).

t

110V

3\1

VARIABLE..
CONTI<OL

By using a new transformer and four diodes, two bulbs may be
controlled separately; but only one slip ring is necessary.

~10V

NOTE:
The direction of the diodes in the circuit is important
and a transformer with twice the voltage of the original is
required. This circuit has been used successfully on a Nova
instrument to give separate controls for the sun, moon, and
planet groups, where they were all on a single control originally.

DOUBLE STAR
The DOUBLE STAR projector uses a 100-500w slide projector with
a rotating star plate mounted inside the film gate. The circular star plate is cut from a piece of 1/4" clear plexiglass
and covered with either a Kodalith mask or thin sheet of aluminum with one large red gelled aperature and one small blue
gelled aperature glued to it with DUCO cement. The star plate
is bearing mounted on an 1/8" aluminum plate and driven by a
1/2 rpm motor. Since neither star is centered on the mask,
both will seem to rotate around a common center of gravity.
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DUST STORM
A DUST PROJECTOR can be constructed by painting the outside
of a clear plastic dome with patches or blobs of brown and
orange transparent paint. The dome is supported on a large
diameter ball bearing from a lazy susan. A timing motor and
O-ring belt are arranged to drive the bearing.
Inside is mounted a 50-100w lamp.
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A slightly more elaborate way to make a DUST PROJECTOR is to
build an effect that consists of two contra-rotating cylinders
(cardboard mailing tubes) covered with crumpled aluminum foil.
Large pieces of black tape on the foil break up the reflection
into cloud-like masses. The light source is a lOO-150w slide
projector with a color wheel rotating in front of it.
If you
use a color wheel with blues and greens on it, you can achieve
an underwater effect.
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TH CHORD
The EARTH CHORD projector uses a clear plexiglass disc with
a donut slide of the Earth glued to it. A wide-angle Buhl
lens should be used to spread the image out as far as possible.
The projector should be placed on the horizon of the dome just
above the cove.
If you substitute a round hole for the half-circle opening on
the image plate, you will have an entire rotating planet instead
of just a chord.
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EXPANDING/COLLA SING UNIVERSE
The EXPANDING/COLLAPSING UNIVERSE projector utilizes a Fresnel
lens covered with a black piece of construction paper containing several pencil-punched holes at random points.
For domes up to thirty-feet in diameter, a PR-12 lamps will
work quite well. For larger domes or brighter images, substitute a GE 1424 lamp.
Place the Fresnel lens about 13-inches above the light source
so that a small area of concentrated light appears on the dome.
By very slowly moving the Fresnel lens down toward the light
source, one obtains the effect of galaxies rushing outward from
a central point until the entire dome is covered with "galaxies".
The effect of a collapsing universe can be obtained by slowly
moving the Fresnel lens upward away from the light source.
An alternative set up is to fix the lena to the open top of a
box and fasten the small lamp to the top end of a moveable cardboard tube placed inside a fixed cardboard tube located in the
center of the box and move the lamp toward and away from the
lens.
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EXTENDIBLE VIKING ARM
To make an EXTENDIBLE SAMPLE ARM for the Viking Lander, the
slide holder of a TMC projector is made to simultaneously hold
two diffe~ent slides. Moving the slide-holder through the
slide gate alternately reveals each slide. When used as a
single slide projector, this dual slide-holder is usually removed. The movement of this slide-holder in the gate is quite
smooth, especially if lightly lubricated. With this slide
gate and slide-holder, it was only necessary to motorize the
slide-holder to move the desired slide across the projection
field.
The slide-holder can be easily motorized with various pieces
of scrap hardware arranged to make a cam and push-rod to drive
the slide holder. The longer the push-rod is made, the smoother
the movement should be. We recommend that it be at least twice
as long as the cam. The motor and slide-holder should be at
the same level for smooth operation.
The motor and slide-holder should be at the same level for
smooth operation.
The Viking Lander and its sample are were positioned on the
panorama such that the sample arm appeared to telescope from
behind the lander as its slide entered the slide gate.
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EVOLUTION OF A STAR
An alternative method to using a color wheel to illustrate
STELLAR EVOLUTION is to place stops of red gel inside the
projector lens itself. Stops A and B are located just out of
focus. The closed iris in focus gives a small white sun.
As the iris opens, the image becomes larger and turns into a
Red Giant. When setting up the throw of the eccentric cam
shaft, make sure that it is not greater than the throw of the
iris arm.
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EXPANDING FIREBALL
The EXPANDING FIREBALL projector uses a standard slide projector with a rotating color wheel focussed on a motorized mirror
which bends the light beam us a 3!" diameter cardboard tube,
two feet long. Line the tube with smooth aluminized mylar and
cap it with a plexiglass disc gooped with DUCO glue and tiny
colored gel fragments.
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GLOBULAR CLUSTER
THE GLOBULAR CLUSTER projector uses a transparent acryllic
dome painted an opaque flat black. Star holes ar~ drilled
using the smallest drill bits possible. The base ring is formed out of a piece of thin cardboard 6" wide and approximately
24" in length.
It is rolled and taped together at the edges
to form a cylinder that is glued to the lip of the plastic dome.
Five-minute epoxy or silicon glue works best. The base is
made from a piece of llf plywood glued to the other end of the
ring.
There you have it--a chance to see what its like living
on the outskirts of M-13.
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HYDROGEN/HELIUM ATOM
The HYDROGEN/HELIUM ATOM projector uses a lOO-500w slide projector with an enlarged film gate to accomodate a rotating Kodalith mask, closely located next to a stationary Kodalith slide
of the electron orbits of the atoms. The rotating slide disc
is bearing mounted on the sides and driven by a friction puck.
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IMAGE ROTATOR
IMAGE ROTATION is accomplished by using a dove prism. To eliminate any light spill or possible double images, include a cardboard light baffle around the edges of the prism. Since image
rotation speed is twice the rotation speed of the driving motor, anything rotated with a 10 rpm motor or faster will have
a very fast spin rate. For a rotating satellite, a 1 rpm motor
is recommended.
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The KALEIDOSCOPE consists of three pieces of glass about the
size of microscope slides, two of which are aluminized with
first-surface mirrors. They are assembled, along with the uncoated glass, to form a triangular tube of glass with the reflecting surfaces facing inward. The edges are cemented with
epoxy.
Small objects are dropped into the box and strongly lit with
a slide projector through the clear piece of glass. A projection lens placed above the box projects an enlarged image of
the pattern on the dome.
A second modification consists of cementing the kaleidoscope
through a light framework of cardboard to the paper cone of
an inexpensive speaker. Power from the tape deck or phonograph
drives the speaker and jiggles colored fragments of plastic
which are projected onto the dome. The small colored spheres
known to confectioners as French's nonpareils, together with
short lengths of colored plastic insulation stripped from copper wire of No. 28 gauge, make effective fragments for opaque
projection.
Alternatively, the kaleidoscope is mounted on a transparent
base, such as a two-inch cover glass of a slide mount. Mount
the glass slide to a speaker cone with Silicone glue. Place
a piece of polarizing material over the projection lens of the
light source. Charge the kaleidoscope chamber with small crumpled wads of cellophane or other highly bifringent materials.
Place another piece of polarizing material on top of the kaleidoscope projection lens. When the speaker is energized and
the pclarizing sheets are adjusted, the details of the projected patterns change continuously in both form and color.
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KALEI DOSCOPE [DRY]
A beautiful and fascinating DRY KALEIDOSCOPE projector can be
made by inserting a motorized striped color wheel into the film
gate of a lOO-500w slide projector with a Kaleidoscope Lens in
place of the regular projector lens. By rotating the Kaleidoscope lens, three different patterns and motions may be obtained.
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LASERS & GRAPHIC DESIGNS
The LASER PROJECTION SYSTEM requires two mirrors that can be
rotated electronically at high frequencies (~900 Hz) and a
set of oscillators to drive them.
If we want stationary patterns or patterns that repeat themselves in time, the oscillators must be locked to some INTEGER multiple of a common reference frequency and maintain a constant phase relationship.
Many two dimensional geometric forms such as stars and looped
figures can be generated by superimposing four such sinusoidal
waveforms with the correct frequency, amplitude and phase relationships. The method of maintaining these relationships will
be discussed later. Given a device which can supply all the
necessary frequencies, amplitudes and phase shifts, one is tempted to think that now all that is required is to twirl knobs in
some almost random fashion creating many patterns. This is
not the case. The control settings are delicate enough to require some degree of programming.
The basic building block of our system is a phase-locked oscillator which will lock on the first 10 harmonics of a given reference frequency with zero phase error.
(Fig. 1). We used
a conventional edge triggered phase lock loop design utilizing
CMOS logic for the divide by N and phase comparator. The VCO
is the constant amplitude square wave section of an EXAR 2206.
This unusual marriage of linear and digital circuitry works for
power supply voltages between 10 and 15 volts.
Calling the VCO frequency F, a frequency FIN is applied to the
phase comparator which adjusts the VCO frequency until FIN is
the same as the reference frequency. This gives a VCO frequency of N times the reference frequency. The 2206 simultaneously
generates sine waves of the same frequency which can be amplitude modulated with a control voltage.
Phase shift can readily be introduced between two such oscillators with the circuit of Fig. 2. We generate a triangle wave
with the desired reference frequency and apply it to a voltage
comparator. The voltage at which the comparator switches determines the phase of the reference pulse relative to the triangle wave. Since the phase comparator is edge triggered, no
complications arise from the variable duty cycle.
No special circuit details are necessary other than those normally associated with high impedance CMOS logic. A block diagram of the apparatus is shown in Fig. 3. Four phase-lock oscillators are mixed in pairs to generate X and Y scanner signals.
Two control oscillators are available to modulate amplitudes.

Let us now discuss some methods of obtaining graphic designs.
Using just two oscillators, we start with a simple geometrical
form like a straight line or an ellipse. The amplitude on each
mirror is separately and rapidly changed up and down. This
will create a beautiful abstract form. The persistance of the
eye causes one to see an abstract form with many lines even
though we are only drawing them one at a time. To create another class of patterns we use all four oscillators. The X-axis
oscillators are locked to 2 and 3 times the reference frequency
and the Y-axis oscillators are locked to the same harmonics with
a 90 phase difference.
With some adjustment of the amplitudes
a five pointed star will be created. Other patterns are obtained
by changing the oscillators locked on 3F to some other harmonic.
Of course there are other patterns which use different principles, but often a wealth of patterns can be obtained with only
a slight variation of one or two controls.
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LASER LUMIA
To make a LASER LUMIA projector, construct a box with an insert to hold the laser exactly (almost) perpendicular to twin
spinning discs. One disc consists mainly of liquid cement, a
JUPITERSCOPE, and some pre-popped bubbles (packing material).
The other disc has that plus some diffraction gratings and a
piece of lamp diffuser. One disc rotates at 2 RPH and the
other at 6 RPH. This means that the pattern repeats itself
every half hour.
The biggest cost in this effect is the laser. Any RPM motor
will do, but slower ones are more desireable because they are
able to catch the more delicate and subtle patterns.
The JUPITERSCOPES are holographic diffraction disks that are available
from Functional Products, Inc. in San Francisco. These holographic prisms are pocket-sized discs of clear flexible plastic
that would make a neat sales shop item.
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LIGHTNING
A hand held LIGHTNING PROJECTOR can be constructed using a cheap
strobe (K-Mart) as the power source. Position and tape a Kodalith lightning slide over the diffusion lens of the ~trobe unit
with black photographic tape so that no light can leak out
around the slide. Mount a 4-6" focus PC or Achromat lens on
the end of a cardboard tube and attach to the strobe unit over
the Kodalith slide with tape or glue. You will have to experiment first to obtain the proper focus before cutting the tube.
Two hand-held projectors, pointed randomly around the dome,
can provide quite a convincing lightning storm.
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LIGHTNING
The LIGHTNING PROJECTOR uses a rotating wheel made from various
Kodalith slides of lightning bolts sandwiched between two pieces
of 1/8" plexiglass. As the disc rotates, changing lighting
bolts are flashed onto the dome. With the addition of the oscillating mirror assembly in Figure 2, the lightning bolts are
randomly placed around the dome.
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LIGHTNING

Kodalith Master Graphics

Use this Kodalith Master Graphics Sheet for the LIGHTNING images
used in the lightning projector. Simply copy onto 35mm Kodalith Ortho film and mount onto a clear plastic disc.

LIGHTNING POW R SUPPLY
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Cl 10mfd 400 wvolt electrolytic
Dl, D2 1 ampere, 1000 volt
c2 .5 mfd 400 volt mylar
Rl, R2 ! watt, 2 megohm
Tl Photoflash transformer
C-ESU These capacitors are large value, high-voltage electrolytics. Be sure that their working voltage is at least 350
volts for 110 volt input. The necessary capacitance is computed with the formula E=!CV2 where E is energy in watt seconds,
C is capacitance measured in microfarads, and V is volts measured in kilovolts. Make sure that the total capacitance and
voltage used do not exceed the voltage and power capabilities
of the flashtube used.
Kl Relay is DPDT used to trigger strobe and disconnect charging current.
CAUTION! I!

THE CAPACITOR VOLTAGE CAN BE LETHAL!!!

LOOP PROMINENCE
The LOOP PROMINENCE projector gives the appearance of large a
amounts of gas being exploded out from the sun and then falling back to the surface along a curved path.
On the concave side of a 5" watch glass glue the 6" square of
if! mirrors. Any type of epoxy glue will do. Trim off excess
mirrors. Next, mount the watch glass on the motor by gluing
a suction cup on the back of the watch glass with Silicone
glue and then screw the cup onto the motor.
The mirrored watch glass is used with a single-slide projector.
Both are located in the cove just below an image of a portion
of the solar disk. Use a slide with mottled yellow or red colors, such as can be found in the Edmund Psychedelic Slide Sets.
The slide projector is placed just far enough from the mirrors
so that all the mirror surfaces are just covered by the projected light.
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LUNAR ECLIPSE
The LUNAR ECLIPSE projector allows the moon to move in and out
of the penumbra and umbra. The eclipse will occur wherever
you wish, even if you have moved the star projector in latitude or daily motion.
The occulting disc is made out of two discs of clear plastic.
The smaller disc is gelled red and mounted-un a larger, semiopaque disc used for the penumbral shadow. The occultor is
mounted to the star projector in any convenient place with a
thin flexible wire.
To operate, place the moon where you want the eclipse to occur.
Place the occulting device so that the moonlight will shine
through it, producing the eclipse effect. Back the moon off
and you are set.
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LUNAR ECLIPSE
A simple LUNAR ECLIPSE projector is constructed out of a 100150w slide projector with an enlarged film gate modified to
accomodate a rotating disc.
The disc is made from 1/8" clear plexiglass with two pieces of
orange gel scotch taped to it.
Be careful to keep the tape
on the outside edges of the colored gel so that it will not
be picked up as part of the projected shadow image.
If you
have 'extra-steady' hands, thin crescent sections of light
gray gel may be placed on either side of the orange umbral
shadow to create a penumbral effect.
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MARS rtelescopic view]
A TELESCOPIC VIEW OF MARS can be demonstrated by rotating a
clear disc of glass or plexiglass in front of a slide projector containing a photograph of Mars. To create atmospheric disturbances, lightly dab Vaseline onto the surface of the glass,
adding or removing as needed.
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MULTI-COLOR DOME EFFECT
The MULTI-COLOR DOME EFFECT can be used to illustrate the Big
Bang Explosion, a nebula, or a planetary atmosphere. For best
sky coverage, use two projectors positioned in the cove area
180 0 apart.
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MULTIPLE IMAGES
MULTI-IMAGE effects can be used for passage through Black Holes,
Time Warps, and various other Light Show effects by using one
of the many different Mul ti-Image lenses availa,ble from any
large photographic store.
The lens can be attached to the front of the projector lens
with a piece of tape or can be motorized to turn in front of
the projector lens to bring a rotating motion into effect.
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NEBULA
The FULL SKY NEBULA uses a 100-150w slide projector with a
multi-colored gelled slide in the film gate. The motorized
wheel is made from either a disc of i-inch plywood or corrugated cardboard. Crumple the aluminum foil first before gluing it down on the disc.
The lens of the projector should be adjusted for best coverage
or can be completely removed altogether. The light pattern
should scatter to all parts of the dome.
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NOVA
A NOVA may be quickly made by placing a #605 lamp through an
enlarged hole in the dome. The brightness can be varied by a
power supply located near the console.
For a SUPERNOVA, project a Crab Nebula slide over the lamp.
As you zoom up the nebula, increase brightness and turn down
the bulb to illustrate the explosion of the star.
These bulbs are so small that they go unnoticed and several
can be placed at various locations around the dome. One dipped in yellow transparent paint works quite well as the sun
seen from Pluto.
A small but efficient four lamp CONTROL BOX can be made out
of i" plywood and five SPST switches. Attach the box to the
side of the console and run a short power line from the pointer
jones plug on the console to the switches inside the box.
Add
another female jones plug on one end of the control box for
your pointer to plug back in to.
The first SPST switch controls
the pointer.
By flipping the pointer off and one of the other
switches on, the pot on the main control console can be used
to vary the brightness of the other #605 lamps around the dome.
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SOLAR WIND ST EA
The SOLAR WIND projector is placed near the projected image of
the burning sun--tilted at a high angle along the dome so that
streams spread away from the sun. Twisted, fluted clear plastic rods are available at most plastic supply houses. A Sawyer's Rotodisk projector is used for the basic system and housing. The projector's lens should be replaced with a cheap
wide-angle single lens or an Erfle short focus eyepiece. The
color"wheel is brushed with light blue, green, purple, etc.
transparent paints. The solar wind streams are taped or painted
onto the square piece of plexiglass.
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UTILITY SLID

The UTILITY SLIDE PROJECTOR is made out of a simple wood or
sheet metal housing and provides an inexpensive method of obtaining a set of auxilIary projectors. With the addition of
the removeable slide holder in Figure 2, the projector gate
becomes accessible for color wheels, image rotators, and other
special effects that require the modification of a standard
projector. The top metal ventilator may be found in some
building supply stores.
If you wnat to boost the lamp to 150w,
be sure and include some sort of fan so you won't end up cooking your slides.
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