Archimedes’ Screw
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Our Archimedes screw consists of a clear hose wound around a shaft - the lower end
rests in a container of plastic balls; the upper end is equipped with a wheel that is
attached to the wooden shaft. When the wheel is turned, the lower end of the hose scoops
up the balls from the lower reservoir. The balls travel up the hose and drop into the upper
reservoir, where they roll down a chute back into the lower reservoir.

We built this prototype in-house and used it for a couple of weeks on the exhibit floor
until the final version came back from our fabricator.

The Archimedes’ screw was originally designed to move water from a low point to a
higher point. We couldn’t use water indoors, so our Archimedes screw moves balls
instead. We chose ball pit balls since they are not a choking hazard, don’t bounce very
well, are light and are inexpensive (especially in bulk).

Due to the relative complexity of the actual construction, the following description of
the prototype should be read as a point of departure and not an actual plan.
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* Two 50 gallon plastic drums
* 4” diameter clear PVC hose (Blo-R-Vac Clear-View PVC Hose, McMaster Carr)
* 4” diameter wooden post (non-treated)
* 1 1/4” black pipe (0.D. 1 5/8”), 6”(+/-) length and 12”(+/-) length
* Round flange Kee Klamp fittings for 1 1/4” pipe (McMaster Carr)
* 3/4” plywood
* Wooden 2” x 4”’s
* Thin (1/8” or 1/16”) HDPE plastic
(We buy a lot of our plastic from a company called Yemm and Hart- they produce really
nice HDPE sheets made from recycled materials. http://www.yemmhart.com/)
* 3” diameter ball pit balls (toy store or other supplier)
 Metal pipe strapping, or (better yet) nylon strapping (like that on backpacks)
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Basic framing

We used a simple 2x4 frame to cradle the screw shaft. We drilled holes (angled to
correspond with the pitch of the screw shaft) at the ends of the 2x4s to capture the black
pipe on the ends of the wooden post. The Kee Klamp flange fittings have large setscrews
to hold the black pipe. When installing the screw shaft between the 2x4s we attached the
black pipe to the lower end and fed this through the angled hole in the lower 2x4. We
then fed the unattached piece of black pipe through the upper angled hole and attached it
to the shaft using the fitting. The use of Kee Klamp here makes the screw shaft easily
removable during and after the construction process.

Lower reservoir

The walls of the lower reservoir should be high enough to contain the balls (when the
screw is turning, the balls jump around like popcorn) but low enough for young visitors
to see inside. We used HDPE with holes cut out of it for the wall, but we could have
used the actual drum wall. The drums can be cut in place using a jigsaw.

For the floor, we made a shallow cone shape out of HDPE sheeting so that the balls
collected towards the center. Consideration needs to be made for clearance between the
floor and the low point on the screw hose (only the low, open end of the hose should
scrape against the cone shaped lower floor.)

Upper reservoir

For the upper reservoir floor, we cut an HDPE ellipse and set it in the drum so that it
slopes down towards the ramp. We made the exit door in the upper reservoir a bit longer
than the width of three balls side by side (to keep them from jamming.) We added a
sliding door so that the balls could be collected in the upper reservoir before being sent
down the ramp to the bottom.

Screw shaft

For the prototype, we used lengths of metal pipe strapping to secure the hose to the
wooden post. However, on the finished version, we used nylon strapping, which is much
better. The steeper the pitch of the screw shaft, the tighter the coil must be in order for the
balls to travel up the tube. (We used a 10’ hose wound around a 4’ post.)

We riveted an HDPE collar to the inside of the low end of the hose to give the hose some
rigidity to scoop up the balls. The wheel is a 10” disk made from 3/4” plywood with a
Kee Klamp flange attaching it to the black pipe.

Ball return ramp

This was a simple plywood ramp that fit in between the upper and lower reservoirs. On
the final version, we put a splitter at the bottom of the ramp to funnel the balls to either
side of the screw shaft.



+
+
+
+
+
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Balancing Act

Description

How does weight distribution allow something to balance? Does the size of the base matter?
This exhibit has three different dolls with different size bases that have PVC arms, and 2” steel
rings as weights. This is part of one exhibit in a traveling exhibition, 1"'#§%&" (§) *+,-.*/.

Materials
e Three widths of hardwood plywood (although any wood can be used, you will
experience less breakage along the foot region with plywood).
[Note: You can actually use a hardwood along with a hardwood plywood and get three
different widths by gluing them together and planing the hardwood.] Recommended
widths: 127, 17, 1 14”
e % PVC (schedule 40)
Doll heads with an opening that will fit a dowel.
Great Stuff insulating foam sealant
Wooden Dowel (sized to barely fit inside the bottom of your doll heads)
2” steel rings (available at most hardware stores).
Vinyl tape (not necessary but a nice touch)

Construction

1)! Cut out the design using a jigsaw or band saw — make sure the
bottom of the feet are perpendicular to the side of the wood (you EEH
may want to re-cut the bottoms on a table-saw to ensure a square ( | g"’m""
cut). Note: you will want the back of the doll to have a very ‘
slight forward lean (otherwise it may tip backwards too easily).

2)! Drill a hole in the top edge of the wood for a dowel. 2

3)! Cut a dowel to a length that will fit in your hole from #2 and | Holefor |
nearly to the top of the inside of your doll head. ‘ e

4)! Glue the dowel in the hole you drilled. Let it set.

5)! Next, cut out a hole in the side of the doll for the arms. We used a
slightly smaller drill bit, then filed the hole out a bit so that the ‘ !
PVC fits tightly.

6)! Cut your PVC arms to length (21” or so is a good length if the
wood height |
is about 117).

7)! Sand off (or use acetone) any writing on the PVC arms, and file |
down the edges. I

8)! Using a rubber mallet, hammer the arm into the hole you cut for [
the arms. We found it easier to coat the PVC lightly with a N
lubricant such as silicone prior to hammering it into place. Glue ¥ Not90degrees }
if necessary (if the arms are a bit small for the holes you cut).
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9)! Add the head by spraying the inside of the doll-head with Great Stuff and pushing the
head onto the doll. Clamp the head if possible — otherwise the head may want to rise
up on the dowel as the Great Stuff continues to expand.

10)!Paint the dolls as appropriate.

11)WUsing a vinyl tape, tape the arms off in 4 equal segments to help

12)!Put the dolls out on a level table with the 2” steel rings.

13)Pose the following questions to your visitors via signage — Are wider dolls easier or
harder to balance? How can you make one ring balance three rings?

rrson's feet
ose together.
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iller - making
| over.

on's feet
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Note:
It really helps to create a carpeted or padded table designed to minimize the rings bouncing
around when the units tip over.

Originally submitted to Cheapbook Three by William Katzman



Ball Floaters
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We developed Ball Floaters as part of our AirPlay traveling exhibition,

one of the TEAMS exhibits we've done with NSF funding. We built four of
them in a cross-shaped arrangement so that visitors could watch each

other. You can build as many as you like.

I came up with this idea after remembering my dad balancing ping-pong
balls on a vacuum cleaner exhaust hose.

2 —(""%h— #t
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* Wood or MDF

* Perforated metal

e 1- 1/2 inch PVC pipe
* PVC cement

* Pipe clamps (see below)
* Air blower (see below)
* 1/4 inch hardware cloth
* Clear Schedule 40 pipe
* Lightweight foam balls
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Build a cabinet first. Our cabinets are 16" wide, 34" long, and 20" or
24" high, with a nice kickspace, formica tops, and a side that opens with
a key lock. Add a vent hole with some kind of grating on it so that air
can get into the cabinet. We have foam filters on ours to keep the dust
out, but then you need to clean the filters occasionally. We also have a
concrete block in the bottom of our cabinets to stabilize them.

Lay out, cut, and then assemble the white PVC pipe sections (standard

1 1/2" PVC plumbing pipe from the hardware store). You should glue them,
because if you attach them together with screws, the screws will protrude
on the inside and damage the foam balls as they shoot through. You'll
mount the tube onto the cabinet using pipe clamps (we used self-locking
nylon pipe hangers from McMaster-Carr, 30075T11). Size the length of the
beginning of the tube so that it will protrude down into a hole in the

cabinet top.



We made it so that the upward-facing-holes in the T-connectors were on 6"centers.
Block the end of the tube with a plug that is removeable, as you

will occasionally get a ball stuck there. We have a little solid plug in

the end also to keep the foam balls from going into the end.

We eased the inside edges of the T-connectors with a Dremel tool, cutting
away as much of the extra plastic as we could to make the ball's journey
around the corner a little more gentle.

Drill a hole in the cabinet for the tube - nice and snug. Mount the

tubing assembly onto the cabinet top. Mount the blower (Graingers
4C442 140 cfm) underneath the cabinet so that it blows air up into the
tubing. Mount a piece of 1/4" hardware cloth in-between the blower and
the underside of the cabinet top so that if someone forces the foam balls
down into the output tube they won't end up in the blower all shredded to
bits (we learned this the hard way).

You can either mount a simple wall-switch into the side of the cabinet so
that you can turn the exhibit on and off, or you can get fancy and

install a timing relay so that a visitor can push a pushbutton on the
cabinet top and have the blower run for 15 or 20 minutes. Make sure that
all of your wiring meets code.

Cut several lengths of clear sched. 40 pipe (McMaster-Carr 49035K87,

1 1/2" PVC, clear) 6" to 18" long, and clean up the ends where they are cut
so that there are no sharp edges or burrs. Visitors will put these into

the upward-facing holes.

You need 1 3/8" foam balls for this exhibit, and you have to look for

them. We bought 3,000 surplus foam balls from a foam supplier (they were
used for some kind of toy), but we're running low now. NERF balls may
work, or you may get lucky in the cat toy department. Ping pong balls
work but they're very hard on the face when they shoot out of the tubes
upwards!

It's good to mount some kind of basket or bucket onto the cabinet so that

there's a place for the balls to go (when the occasional visitor actually
picks them up off the floor! )

Originally submitted to Cheapbook Three by Bob Raiselis



Bead Stream
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This is a simple resonant frequency/ wave device prototype. Multiple strands
of strung beads are draped over a 30 degree inclined plane. All the strands are
attached to a bar at the top that is shaken back and forth by the viewer.

If the strands are the same length, parallel waves migrate down the surface

of the inclined plane. If they are different lengths, the wave patterns

vary. The first prototype of this device was developed by Paul Orselli

and Clifford Wagner.

K
Materials for the Bead Stream as shown in the picture:
* One 4'x8' sheet of smooth plywood
» Two C-clamps that act as guides for the rod
* 3/4" PVC pipe (any rod will do, but being lightweight
is a plus, since it enables users to shake it back and forth faster)
* bead strands (http://www.mardigrasoutlet.com/details.asp?ProdID=154 )
» means to hold the bead strands to the pipe.
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After gathering your ingredients, allow at least five minutes to create and test the
prototype. Grab a chair, put one end of plywood on it, clamp the two clamps on the top
end of the plywood as guides for the rod.

The rod needs to move freely under the clamps; screw the screw on the clamp
inwards enough to create the space to allow this freedom. Tape bead strands
to the rod, play with spacing and amount of strands. Shake, bake and modify
until well done. Slide the chair in further to try steeper plywood angles.

1)("#2 The above directions are given because this is an example of a

perfect prototype, fast, cheap, variable, and informative (The first shakes

and we knew we had a hit). Since water in exhibits is always a maintenance

nightmare, we had planned a beadstream in the traveling exhibition ,

"A Garden of Gizmos", with the original idea being that they would be a visitor
controlled conveyor belt of beads running in a sculpted channel. After fiddling

around in the shop, we unpacked the bead strands, started playing, and the prototype was
born!

A “final” version for the exhibit floor can be fancier. Formica surface (even
smoother). A step for young humans. A vertical lever attached to the rod
with a bicycle handle grip on it, better at visually informing the user what
they are expected to do. Or a crank with connecting rod to make the back
and forth happen. That's not quite as open ended an activity as just

shaking the rod, though. Luxury version might have interchangeable cams
(nautilus, two-lobed, sharp lobed? etc.) It's always good when brainstorming
ANY interactive to toy with ideas for the "luxury version". Sometimes
you'll find the luxury version worth doing if it makes for a great visitor
experience, and is actually possible.

The bead strands listed above are plastic beads glued to a string.

The string can break, but when it does, you don't have loose beads running

all over the floor. You can string your own using Kevlar or monofilament string and
decrease the chance of breakage, but even with that, someday it might break

and loose round beads on a hard surface are a fall hazard. A carpeted floor

will decrease this hazard. Always remember, the first rule of interactives:

Thou shall not hurt the visitor. In the final version the beads strands

need to be fast and easy to change out.

+
+

Originally submitted to Cheapbook Three by Clifford Wagner



Cartesian Floater
|
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This is a variation of the familiar Cartesian Diver. The “diver” starts sunk at the bottom of

a long sealed vertical tube full of water. A syringe is connected through a length of flexible
transparent tubing to the stopper at the top of the vertical tube. By pulling the piston of the
syringe far enough, the “diver” is made to float to the top of the vertical tube. The reduction of
pressure inside the tube causes the air inside the diver to expand; the increase in the amount of
water displaced increases the buoyant force acting on the diver. When the buoyant force
becomes greater than the diver’s weight the excess upward force causes the diver to rise. The
diver’s rise or fall can be delicately controlled by slight movements of the syringe’s piston.
Since the diver is transparent the user can see and relate the diver’s rise and fall to the changes in
volume of the air inside the diver.

2 -8 - Bl
(Dimensions for typical table-top exhibit, can be scaled up or down)
* Acrylic tube, clear, 1-1/4 inch OD, 1 inch ID, length 30 inches
 Acrylic sheet, 1/4 inch thick, about 6 inches square (for base)
* Dropper, Polyethylene, 1 ml (From Amazon and elsewhere)
» Copper wire, 14 gauge or so, several inches (diver weight)
* Monofilament nylon line, thin (such as 6-Ib. test), 3 inches
* Syringe, plastic, 50ml, Luer tip (From Amazon and elsewhere)
* Nylon string, braided, substantial (such as 40-Ib. test), 6 inches
* Flexible clear plastic tubing, 5/16-inch OD, 3/16-inch ID, 40 inches
» Rubber stopper, size #5-1/2, one hole
+ Short rigid tube to connect 3/16” ID tube to rubber stopper
(Can be improvised from cheap round ballpoint pen barrel)
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1. Cement one end of the acrylic tube to the center of the acrylic base.

2. Dirill holes, snug-fit to the braided nylon string, through the barrel of the syringe at the
handles and through the piston’s handle about half-way up its length. Refer to sketch
detail.

3. Thread the braided nylon string through the drilled holes, as in sketch. Tie large knots near
ends of the string, located so the handle can go all the way in, but not all the way out.

4.  Push-and-twist one end of the 3/16 inch ID flexible vinyl tube onto the Luer fitting on the
syringe. It jams on surprisingly firmly.

5. Use short length of rigid tube to connect other end of vinyl tube to the rubber stopper.

6.  Poke a small hole through one wall of the dropper’s tip, and thread the monofilament line
through it. Tie string’s ends together to make loop for copper wire weight to hang from.

7. Putdiver into tall jar of water. Hang enough copper wire from the string loop so the diver
barely floats when full of air.



/*+$)80%)"*+ (continued)

8.  Fill acrylic tube with water to within 1 inch of the top.

9.  Drop the air-filled diver into the tube.

10. Push handle of syringe all the way in and then insert rubber stopper into top of acrylic tube.
11.  Pull handle of syringe all the way out. Excess air bubbles may come out of diver. This is

OK. Diver should float to top of acrylic tube.

12.  Push handle of syringe in. Diver should sink when handle is part way in, and then float

when handle is pulled nearly all the way out.

1*)#$2!To prevent visitors from pulling the Cartesian Floater over, fasten the top of the acrylic
tube to a strong vertical support and affix a point on the flexible tube near the syringe to the

table.!

[

Put a horizontal line halfway up the acrylic tube

and challenge visitors to hold the diver motionless

at that mark. It is nearly impossible, since the buoyant
force changes with pressure, and the pressure varies

with depth as well as with syringe setting. This may lead
to appreciation of the swim bladder in fish.

A variation in the design involves cementing a small rigid
tube horizontally into the bottom of the main tube and
connecting the syringe to it. Plug top of tube with solid
rubber stopper. The syringe and connecting tube as well
as the main tube are completely filled with water. One can
use a smaller syringe for the buoyancy control since in this
sealed system the only air to be expanded is inside the
diver.

Originally submitted to Cheapbook Three by
Albert J. Read
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syringe modification -
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Cork Sinker

Description
This is an adaptation of the venerable activity using an inverted glass containing a handkerchief

which remains dry as the glass is pushed, open end down, to the bottom of an aquarium, thus
showing that air is a substance that takes up space.

In a tank half-full of water, a small cork floats. A hook projects from the cork’s bottom. Near
the center of the tank’s bottom there is a loop into which the hook can fit. An acrylic tube, open
at the bottom and closed at the top except for a small hole, projects through the tank’s lid. By
manipulating the tube with some air trapped in it, the cork can be submerged to the bottom of the
tank and hooked onto the loop. The crucial action needed by the visitor is to close the hole at the
top of the tube air-tight with a thumb in order to trap air inside the tube.

Materials
(Dimensions given are for typical tabletop exhibit, can be scaled up or down)
» Acrylic sheet, 1/4 inch by 6 inches by 12 inches (2 pcs., tank front and back)
* Acrylic sheet, 1/4 inch by 4 inches by 12 inches (2 pcs., tank ends)
* Acrylic sheet, 1/4 inch by 6 inches by 8 inches (1 pc, tank bottom)
* Acrylic sheet, 1/4 inch by 4-1/2 inches by 6 inches (1 pc, tank top)
» Acrylic sheet, 1/4 inch by 1/2 inch by 5-1/2 inches (2 pcs, tank top flange)
* Acrylic sheet, 1/4 inch by 1/2 inch by 3-1/2 inch (2 pcs, tank top flange)
» Acrylic tube, 2 inch OD, 1/8 inch wall, 3 inches long (lower section of sinker-tube)
» Acrylic sheet, 1/4 inch thick, 2 inch diam., 3/4 inch centered hole (sinker-tube joiner)
» Acrylic tube, 1 inch OD, 1/8 inch wall, 12 inches long (upper section of sinker tube)
» Acrylic sheet, 1/4 inch thick, 1 inch diameter, 3/16 inch center hole (top, sinker-tube)
* Acrylic block, 1/4 inch thick by 1-1/4 inch by 1 inch (catcher base)
* Acrylic block, 1/4 inch thick by 1/2 inch by 1 inch (loop brace, catcher base)
* Vinyl tubing, 1/4 inch OD, 1/8 inch ID, 5 inch length (loop)
* Machine screw, brass, round head, 6-32, 5/8 inch length (loop fastener)
* Machine screws, brass, flat head, 6-32 by 1/2 inch, (2 ea., for fastening top to tank)
» Cork (or spherical fishing bobber), about 1 inch diameter
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Construction

1.

nh v

8.1

Cement the loop brace block to the catcher base block. (Refer to sketch)

Punch holes, snug fit for 6-32 screw, through vinyl tube,1/2 inch from each end.

Drill and tap hole for 6-32 screw in catcher base block.

Assemble catcher loop to base block with screw, as shown in sketch..

Assemble and cement the tank front, ends, and back to the base and to each other. Tank
inside measurements should be 5-1/2 inches by 4 inches. Also cement the catcher loop
assembly near the center of the bottom of the tank.

Assemble and cement flange pieces to lid. They may need to be trimmed slightly to fit
snugly inside tank’s walls. Then drill, tap, and countersink 6-32 holes horizontally through
tank walls, aligned with slightly larger holes centered in lid’s flanges so flat-head screws
can secure lid to tank. Drill 1-1/4 inch hole through center of lid for the sinker tube.
(Smaller hole can be enlarged with round file or taper reamer.)

Assemble the sinker tube components (refer to sketch). It may be necessary to true up the
tubes’ ends on a lathe to get proper fit for secure cementing.

Assemble floater. Make hook from 1/8 inch brazing rod or heavy solid copper wire (16
gauge or heavier) inserted through cork or affixed to bobber.

Originally submitted to Cheapbook Three by Albert J. Read















DYNAMIC KALEIDOSCOPE

B HENE " () *+

The static mosaic of a standard kaleidoscope
has been replaced by a three layer triangular
transparent plastic box with coloured viscous
liquid inside each of the three chambers. As
the kaleidoscope drum rotates, the liquid
layers trickle down lazily creating a dynamic
mosaic of coloured patterns.

2 —("%h- #
el Four numbers of 4 mm thick plexi

triangular pieces of required size
depending on the size of the
kaleidoscope drum.

ol Adhesive and a disposable injection

Three layered

perspex liquid ~~—_ // }

chamber

Kaleidoscope drum

Mirrors \

.....
KOO0

syringe for joining the plexi pieces for making the liquid chambers 3 numbers

each of 2 mm thickness.

el Ordinary transparent cooking oil of required quantity to fill in one third of each

chamber’s cavity.

o! Small quantity of oil-based dyes of three colors (Red, Blue and Yellow) for
colouring the transparent oil in each chamber.
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Place the triangular plexi pieces one on top of the other with 1/2” wide 2 mm thick plexi
spacers between consecutive layers and join them using adhesive administered by means
of the injection syringe. Make two numbers of 1/8” tap holes for each cavity for filling
the coloured liquid in each of the chambers. Fill in almost one third of the chamber’s

capacity.

Originally submitted to Cheapbook Three by Ingit K. Mukhopadhyay!




The Electron Deflector
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This device was cobbled together to demonstrate how an electron beam can be steered by
a magnetic field much like a cathode ray tube. The device can also be used as a physical
model to demonstrate “gravity assist.” Astronomers use gravity assist to propel
spacecraft farther out into space. A spacecraft is steered close by a planet and its speed
is accelerated by the gravitational field of the planet. As the craft sweeps around the
backside of the planet, it is flung with more acceleration into outer space.

Sy

* Piece of 1/2 “ plywood 14” by 14”

* Three strips of /2” plywood 1” by 14”
* Two strips of 2" plywood 17 by 10”
* Steel ball bearing(s)

* 1”” aluminum channel 14” long

* Wood block 17 square

* Two strong magnets

* Two clamps

v

ThHe ELECTRON PEFLECTOR.
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This exhibit can be adjusted to size, up or down, as needed. The main thing is to provide
for some adjustment to the incline of the track that the steel ball bearing rolls down, as

well as allowing for “fine-tuning” in the placement of the magnets that cause the actual
deflection.

Originally submitted to Cheapbook Three by Kit Cube and Chris Burda
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