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Fig. 1— A typical computer of the type used for accounting and statistical work. 
(International Business Machines)

Fig. 2— This giant Univac 1105 computer is capable of making complex calcula
tions for solving scientific problems. Machines like this would be used to compute 
orbits for space vehicles. (Remington Rand)



COMPUTERS
Multiply 348,957,294, by 4,096,482,368 by 94,394,- 

503 by 597,204,684, and then divide by 5,395,782 and 
303,642,578. How long would it take you to get a cor
rect answer, accurate to 11 digits? Most people couldn’t 
do this at all. A person good at arithmetic would cer
tainly take many hours, if not days. But a modern cal
culating machine known as a digital computer (it computes 
by digits) can do such a problem in a fraction of a second.

If you looked inside one of these machines you 
would find thousands upon thousands of electrical parts, 
wires, and connections. The many kinds of electrical 
parts are wired in such a way that when electric currents 
are sent through them and rapidly switched on and off in 
the various circuits, it is possible to arrange the ma
chines to solve many kinds of problems.

Within the past few decades these machines have 
come into widespread use in science, engineering, indus
try, and business. The enormous possibilities for these 
computers are indicated by the following list of things 
they do:

SCIENCE
Solve many types of mathematical problems 
Compute orbits of space rockets 
Track asteroids 
Predict new moons or planets 
Compile weather statistics and predict weather 

ENGINEERING
Study airplane flight and improve design of parts 
Improve engines by study of heat flow 
Calculate stresses in bridges, buildings, tunnels 
Predict the best shape for a machine part * 
Predict the effect of changing percentages of ma

terials in a mixture or alley 
Produce automatic complex machine tools through 

automation
Operate steel mills and other factories through 

automation 
Guide aircraft 

BUSINESS
Predict economic trends 
Study population growth 
Chart unemployment 
Prepare balance sheets
Make out payrolls, including tax deductions and 

overtime pay 
Calculate profit and loss 
Make out bills 
Check bills for payment 
Compute costs 
Estimate budgets 
Analyze markets 
Predict future sales 
Prepare mailing lists

Compile statistics
Calculate insurance rates
Watch inventory and ordering of material
Estimate costs
Increase efficiency

OTHER USES 
Mark tests
Make an index for a book
Speed up printing of books in Braille (books for 

the blind)
Predict election results from early returns 
Compute sports handicaps

A wide variety of machines is available for these 
tasks. Fig. 1 shows a computer of the type used in busi
ness for bookkeeping, billing, and general accounting.

The Univac 1105 (Fig. 2) is a giant computer used for 
solving extremely difficult scientific and engineering prob
lems, many of which can be solved in no other way. This 
computer and its parts cost over a million dollars.

Let us follow the operation of this Univac com
puter to see how it does its job.

The first stage in the process is the actual statement 
of the problem by a person called a “programmer.” He 
translates the problem into operations and symbols which 
can be fed into the machine as instructions. A “simple” 
arithmetic problem of the kind posed at the beginning of 
this book could be programmed in just a few minutes. 
But a complicated orbit problem might require weeks or 
months of work by a programmer.

The programmer’s instructions are then recorded on 
magnetic tape by a machine that resembles a typewriter. 
As the operator presses a key for a particular “charac
ter” (letter, number, or other symbol), a tiny magnetic 
pattern— different for each character— is formed on the 
tape by a pulse of electric current. The tape then moves 
a tiny bit to make room for the next character. As many 
as 250 characters may be recorded on one inch of tape. 
A standard tape of 2400 feet in length can contain over 
5 million characters.

When all the instructions have been recorded on a 
roll of magnetic tape, it is set aside until the main portion 
of the computer has finished solving previous problems. 
Instructions are then placed in machines like those shown 
in Fig. 3. The tape rapidly winds or unwinds at a rate of 
about 8 feet a second to create electric pulses resembling 
those that were used to record the patterns. As many as 
25,000 characters can be inserted into the main part of 
the computer in one second. The battery of units con
taining the tapes for a complicated problem is shown at 
A in Fig. 2.

An operator sits at the control panel at B. He presses 
the buttons to start or stop any particular operation on
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any tape. He can insert new instructions or corrections 
as needed. These instructions are fed into a variety of 
electrical circuits and parts in the numerous cabinets in 
section C. The electric currents race through the wires 
and parts at speeds of many thousands of miles per 
second. A multiplication of an 11-digit number by an
other 11 -digit number can be performed in one five- 
hundredth of a second, with the answer accurate to 11 
digits. A division of similar numbers can be performed 
in one two-hundredth of a second. A calculation involv
ing 3 multiplications and 2 divisions, similar to the prob
lem posed at the beginning of this book, can be per
formed in less than one fiftieth of a second!

Complicated problems may consist of millions of 
“small” problems that must first be solved. The answers 
to these small problems are automatically stored in “mem

ory” circuits, involving frames of wired magnetic “cores.” 
Each frame consists of large numbers of wired cores. 
Such a stack of frames and the detail of one of its sec
tions are shown in Fig. 4.

Fig. 3— This machine releases the information 
from the magnetic tapes which hold programmed in
structions for solving problems. (Remington Rand)
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Fig. 4— A magnetic memory unit (A) consists of 

a stack of wired cores (B). 168,000 “bits” of infor
mation can be stored while a complex problem it 
being solved. (Remington Rand)



The calculations themselves take place in units that 
involve many kinds of electrical parts. One unit of this 
type, a small part of a large computer, is shown in Fig. 
5. It contains a number of vacuum tubes (at the top), 
capacitors, coils of wire, and resistors wired in a complex 
arrangement. The size of such units is constantly being 
reduced by means of new methods of manufacture. Fig. 6

shows a “printed circuit” in which the wiring is actually 
printed on a sheet. Bulky vacuum tubes are being re
placed by tiny transistors, which not only save space, but 
also cut down on the amount of power needed.

The numerous calculating units are stored in large 
cabinets (Fig. 7). These are also shown at section C of 
the large Univac (Fig. 2).

When the operator presses the proper buttons a 
problem is fed into these calculating units from a par
ticular magnetic tape. Pulses of current race up and down 
these units, and a single calculation is made. The result 
is then stored in a memory unit to be released later, when 
needed. Thus the instructions may call for a series of 
numbers to be multiplied, divided, added, or subtracted 
in complex ways, with certain answers to be used later 
after other calculations are performed. The memory unit 
stores the separate answers. When a succeeding calcu
lation is completed the tape instructs the memory unit 
to release its answers, and the calculating units then 
combine the separate answers in the manner indicated 
by the instructions.

The operator at the control panel watches groups 
of operations as they are performed. If the machine is 
not working properly signal lights indicate the region of 
the trouble.

Fig. 5— This unit performs arithmetical computa
tions. (Remington Rand)

Fig. 6— Computing units are being reduced in size 
and cost with the use of printed circuits. (Remington 
Rand)

Fig. 7— Individual computing units of the kind 
shown in Fig. 5 are stored in these larger units. 
(Remington Rand)
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Results may be recorded on rolls of magnetic tape, or 
may be printed directly onto paper.

Computers like Univac 1105 are the exceptional 
ones. But there are many simpler types helping to keep our 
modern world running efficiently. When you press an 
elevator button, an electric motor goes to work to de
liver the elevator to your floor. The door opens auto
matically, waits a few seconds while you enter, then 
closes and delivers you to the proper floor. You give it 
“instructions” by pressing a button.

Should someone else press a button on another floor, 
the electric “brain” of the elevator doesn’t stop at that 
floor unless the person indicated he is going the same 
way. But it “remembers” and comes back. If the door 
should happen to close while someone is halfway in, it 
springs back as soon as the person is touched. (That 
is, if the elevator is a good one.)

Notice that all these actions are very similar to 
those that a human elevator operator performs. Of course, 
the resemblance stops when the human operator takes a 
minute out to chat, or goes home at night to get some 
rest and leisure, or chases away some unruly kids. But 
so far as running the automatic elevator is concerned 
we can think of its electric circuitry as a simple kind 
of “brain.”

A more complex kind of “electric brain” is found 
in the dialing system by which you get a number on the 
telephone. You turn the dial a certain number of times. 
As you dial, electric circuits are switched in at the tele
phone exchange one after the other. After 6 or 7 num
bers have been dialed a phone rings at the other end. 
You are not surprised to reach your friend’s home out 
of millions of others. In fact, you are usually surprised 
if you don’t. This dialing system does the work that 
human telephone operators formerly performed. In the 
course of doing this work it is acting like a brain, but 
only so far as getting telephone numbers is concerned.

Scientists studying these “electric brains” are begin- 
ing to see more and more resemblance between them and 
our human brains. They can arrange special combina
tions of electric circuits that remember, handle figures,

ELECTRIC
Everything in the world is made up of electricity. 

Every atom contains a heavy center, the nucleus, which 
consists of plus (-)-) particles of electricity called protons 
(Fig. 8). Around the heavy nucleus revolve lighter nega
tive (—) particles of electricity called electrons. You don’t 
notice the electricity in most things because ordinarily 
there are as many protons (+ )  as electrons (—) and the 
effect of each is canceled out (Fig. 9).

In addition to the protons in the nucleus, there also 
particles called neutrons (Fig. 8). These have no electri-

translate from one language to another, or index a book. 
They have made machines that can be programmed to 
play a fairly good game of chess.

Biologists tell us that the human brain resembles the 
electric circuitry of computers. Electric messages run up 
to the brain from our eyes, ears, nose, tongue, limbs, 
and organs to tell us what is happening. This informa
tion is stored and remembered. Later on, we release 
these remembered signals to help us perform our daily 
actions and mental work. Electric messages of all kinds 
go down from the brain to our muscles and other organs 
and tell them what to do at any given moment.

An enormous revolution in our way of life has been 
underway in the past few decades with the development 
of “electric brain” machines. These machines are begin
ning to replace skilled workers in many fields. But at 
the same time they require an increasing number of 
people with even greater skills. Because these electric 
computers are much more difficult to make than ordi
nary machines, highly trained people are needed for these 
jobs in computer factories.

There is room for you in this stirring adventure. But 
it will require hard work on your part and many, many 
hours of study.

Does it seem impossible to understand how these 
giant “brains” work? Remember one important fact: Com
plicated devices started out long ago as simple ones. If you 
start at the beginning and master the simple steps, it 
will not be long before your own wonderful brain begins 
to put the simple ideas together to make more complicated 
ones. Finally, you will be an expert. Many others have 
traveled along this path before, and it has worked for 
them. It can work for you, too.

Your Brainiac Computer Circuits kit does not claim 
to make an expert out of you. But you can master some 
fundamental steps with this kit. Eveh if you don’t plan 
to become a computer expert this kit will teach you a 
great deal about electric circuits that will be of value 
in understanding our modern world, as well as in pre
paring you for some kind of work in science and engi
neering.

CIRCUITS
cal charge and therefore play no part in the operation of 
ordinary electrical devices. We shall therefore not be con
cerned with them in this book. However, keep in mind 
that they play a most important role in nuclear reactions 
and in all atomic energy developments.

Whenever there is more of the (—) kind of electricity 
than the (+ ) ,  or more of the (-(-) kind than the (—). 
then you begin to notice it. We then say that the object 
is electrically charged. The (—) electrons are attracted 
by (+ )  protons and try to get back. Since the electrons
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are much lighter they are the ones that usually move, 
while the protons remain in the same place (in solids). 
Fig. 10 shows an object that is (—) charged and a 
nearby object that is (~f) charged. The electrons on 
the (—) charged object are attracted. However, to get 
back they must jump through the air. Air is an insulator 
(stops the flow of the electrons). So the charge remains 
on the object. However, if the charge has a high enough 
voltage (electromotive force) the electrons jump through 
the air and form a spark. At that moment there is a flow 
of electrons. We say that there is an electric current.

If we connect a metal wire between the (—) and the 
(-(-) charged objects the electrons find an easy path 
through the metal and run over from the (—) object 
to the (+ )  as shown in Fig. 11. Both objects are back 
to their neutral (normal) condition, and we no longer 
notice any evidence of electricity. The metal acts as a

Fig. 11

Fig. 12

conductor, providing an easy path for the current to 
flow.

There are many ways of creating charges in objects. 
One simple way is to rub two different insulating ma
terials together. This causes a charge of static electricity 
on both. Generators at the powerhouse or in your car 
push electrons in a wire by means of rotating magnets. 
One simple way to create (-)-) and (—) charges is by 
means of chemical actions in a cell. Electrons move 
from the top of the cell and accumulate at the bottom to 
cause a (—) charge (Fig. 12). An excess of protons (a 
plus charge) is now present at the top of the cell. If you 
then connect a wire from the (—) at the bottom of the 
cell to the (-)-) top, electrons flow and a current results.

Suppose that we put a special kind of wire in the 
way (A in Fig. 13). It might be the very thin wire of a 
lamp. The wire is heated by the current and glows. We
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Pull the metal parts at F and G apart. The current is 
“off.” We say that the circuit is “broken.” Thus, touch
ing the wires together and pulling them apart provides 
a simple switch that can control the current as we wish. 
The pushbutton for your doorbell and the switch that 
turns on the light or vacuum cleaner in your home all 
work in this way. To turn the current on you arrange the 
mechanism so that wires touch to complete a circuit. To 
shut the current off you pull, the ends of the wires apart.

Fig. 15

can use this glow to show that current is flowing. We 
could also arrange an “electromagnet” to pull a piece of 
iron to cause a click when the current is on, thereby mak
ing a telegraph set. With a slightly different arrangement 
of wires we could make a bell.

There are many other things that can be done with an 
electric current. The wide variety of possibilities arise 
from the fact that electrical energy is easily converted 
into other forms of energy (heat, light, motion, radio 
waves, etc.).

Now let’s consider how we can control an electric 
current and make it go on and off as we wish. Fig. 14 
shows wires connected to a cell and a lamp. Follow the 
wires around the “circuit” of metal wire. Notice that 
there is a path for the electrons from the wire touching 
the bottom tip of the lamp at A, up through the filament
(B) to the metal screw part of the bulb (C) and out through 
wire D. Now observe the gap in the wire at (G). The air 
between the ends of the metal and wire at F and G acts 
as an insulator and stops the current from flowing. But 
suppose you bring the ends together (Fig. 15). Now 
there is an easy path of metal all the way from the (—) 
to the (+ ) . Electrons can flow. You have a complete 
circuit. The lamp lights and tells us that current is “on.”

Fig. 13

Fig. 14

SETTING UP A SIMPLE CIRCUIT
IMPORTANT NOTE: Do not make the mistake of impatiently proceeding im
mediately to the complex circuits later 
after you have had some experience with

The circuits of your Brainiac kit are based upon 
the simple idea shown in Fig. 15. We arrange a circuit 
with some source of current, such as a flashlight cell, 
and a lamp or other device to detect the current. Then 
we insert a switch of some kind to permit us to complete 
the circuit or break it, as needed.

However, computers require that we turn currents 
on or off in many circuits at once, and that we do this

in the book. This should be 
3 or 4 simple circuits.

in certain special ways. A “multiple switch” of some 
kind is needed— one which can be wired up in a wide 
variety of ways so as to enable us to turn currents on or 
off in many different combinations.

You will find in your kit six large disks with holes 
These are the rotating multiple switches. Each one is 
capable of turning on or off up to 32 different circuits 
at the same time. By connecting many terminals of eac t
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disk with the 10 different lamps that go into sockets 
on the board it is possible to arrange millions of 
different circuits.

Let us start by wiring up the very simplest circuit. 
In the course of doing this you will find out how your 
switching disks operate. Fig. 16 shows the various metal 
parts you will need for the assembly. Examine a wiper 
(A). Note that it has a hole at one end (B) and a double 
bump (C and D) at the other end. The jumper (E) is a U- 
shaped piece of metal. The short bolts (F) and nuts (G) 
will be used for fastening wires to the wipers and to the 
boards. There are 11 longer bolts (H) in your kit. Lo
cate these and put them aside to be used later, as indi
cated in the instructions. The same nuts used for the 
short bolts may also be used to fasten the long ones. 
There are also lock washers of the internal type (J). There 
are also two kinds of plain flat washers (K).

The first step in the assembly of your kit is to at
tach the two metal legs which form a stand to hold the

WIPER JUMPER LOCKWASHER LONG o LT 

C

SHORT BOLT

NUT 
Fig. 16

Brainiac panel in a vertical position. Remove the large 
Brainiac panel (A in Fig. 17) from your kit box. Attach 
a metal leg (B), as shown. Insert a short bolt (C) into 
the highest hole on the edge of the panel. Pass the bolt 
through the upper hole in the metal leg. Add a nut (D). 
Then tighten, using the screwdriver and wrench in your 
kit. In the same way, attach a bolt and a nut at E.

Attach the second metal leg to the other side of 
the panel, in the same way.

Fig. 17
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Place a wiper against the top hole in the upper center 
section of the panel as shown at A in Fig. 18. Be sure 
that the two ridges of the wiper are touching the board. 
Insert a short bolt. Attach a nut to the thread of the bolt 
from the back. Hold the head of the bolt with one hand 
at the front, while you twirl the nut onto the bolt at the 
back of the panel. With a bit of practice you will find it 
possible to put the nut on quite rapidly. Run your finger 
perpendicularly to the bolt and the nut will rapidly twirl 
into place. This is important in later wiring projects 
where there are a large number of connections to be 
made, and speed for each one will greatly reduce the 
time needed to complete the circuit for an experiment.

Tighten as much as you can with your fingers with
out using tools. At this point the bolt should be tight 
enough so that the wiper is held in place but can still be 
turned around somewhat. Now turn the wiper so that 
it lines up along the row of holes radiating from the 
center (CD in Fig. 18). Now use a screwdriver and 
wrench to tighten the bolt and nut. Check to see that 
the wiper is still lined up straight with the line toward 
the center hole (C). Now tighten the nut quite firmly, 
but do not use so much force that you damage the slot 
of the bolt.

Fasten another wiper at hole B (Fig. 18). Line up its 
length so as to point toward the center hole (C). Now 
carefully pry up each wiper, first with a screwdriver and 
then with your finger as shown at A in Fig. 19. Bend 
the wiper over the head of the bolt as shown at B. Don’t 
bend it all the way. A slight upward slant, as shown at 
C will provide better contact when the switching disks are 
put on later.

Fig. 19 shows wiper B already bent, with wiper 
A in the process of being bent. Note that the double 
ridges of each wiper form a groove with a gap between 
them. This groove should be lined up toward the center. 
Later, this groove will serve as the resting place for a 
jumper on the rotating disk that will “jump” the gap 
and complete a circuit. The final appearance of the pair 
of wipers is shown at E and F in Fig. 18. It is best to 
leave the wipers with a slight upward slant as shown at 
C (Fig. 19). Make certain that no wiper touches any

other, or short circuits may result. It is extremely im
portant that all wipers be tightened firmly before pro
ceeding.

Now prepare another set of wipers in the same 
way as shown at C and D in Fig. 20.

There are two long metal channels in your kit 
(O and R in Fig. 20). These are the lamp bulb holders.
The lamp bulbs screw into the 5 lamp holes in each
holder. Connections are made to each bulb by means 
of bolts under the large holes in the channels, as shown 
in Fig. 21.

Note from Fig. 21 how current travels through a 
lamp to cause it to light. Current goes from wire A (at
tached to the bolt under the bulb) up through the center 
tip (B) of the bulb, through the filament (C) to make it 
glow, down a wire inside the bulb to the screw part 
of the bulb (D) through the metal of the channel (E), 
down the long bolt (F) and out through wire G.

In order to obtain firm contact of the tip of the
bulb to the bolt head, a wiper is inserted under each
bolt head, as shown at H  in Fig. 21, and bent over the 
head of the bolt, as shown at I.

Before bolt heads are fastened in place their posi
tions under the holes in the lamp holders must first be 
found. Place the edge of the lamp holder (J in Fig. 21) 
against the edge of the panel (K), on the lower line of 
holes. Insert long bolts into the small holes of the 
lamp holder and into the holes in the panel at P and Q 
in Fig. 20 (also shown at F  and Q in Fig. 21). Do not 
tighten with nuts. These bolts will temporarily position 
the lamp holder while the next step is performed.

Insert a pencil through the large holes in the lamp 
holder and mark the positions of the five holes in the 
panel that are below the holes in the lamp holder. Re
move the lamp holder. Insert a short bolt and wiper in 
each of these marked holes. Fasten each on the back of 
the panel with a lock washer and nut. Bend each wiper 
over its bolt head. Replace the lamp holder and fasten 
it into place at P and Q (Fig. 20) using long bolts, lock 
washers and nuts, as shown in Fig. 21. Do not tighten 
these bolts excessively because the metal channel then 
tends to bend.

Repeat this procedure with the second lamp holder 
in the position shown at R in Fig. 20. Fasten it with 
long bolts at S and T.

The main switch is now added. There is an oval
shaped strip in your kit (U in Fig. 20). Starting at the

Fig. 19
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end of the lamp holder at Q, count five holes to the 
right. Insert the bolt and oval strip in the fifth hole. 
In this position the completed switch will be in a cen
tered position. Tighten at the back with a nut. A lock 
washer is not needed here because the irregular hole locks 
the strip in place when it is tightened.

The switch arm is now fastened into place at V 
(Fig. 20), as follows. You will find two kinds of flat 
washers in your kit. Put aside the 6 larger washers for a 
later step. Use the smaller washers when size is not 
specified. Use a washer (A, in Fig. 22) beneath the 
switch arm and one washer (B) above it. Then fasten the 
switch arm to the panel using a short bolt (C), an internal 
type lock washer (D), and a nut (E). Tighten somewhat. 
Try to rotate the switch. Keep tightening as long as the 
switch rotates freely. Then carefully adjust the tightness 
so that the switch is firmly held in place yet can still be 
rotated wtihout excessive effort. The lock washer will 
keep the nut from loosening, while the flat washers will 
provide smooth surfaces to permit the rotation. The 
switch is operated by moving it from the open position 
shown at (W) in Fig. 20 to the closed position, shown 
by the dotted lines.

The flashlight cell and its box may now be attached 
to the panel as follows: Open the flashlight cell box 
(Fig. 23). Insert a flat washer on a short bolt. From the 
inside, push the bolt and washer through the hole on the 
end of the box as shown in the drawing. Add a flat washer 
on the outside. Then add a lock washer and nut. Tighten

+

firmly. Do the same with a bolt, flat washer, lock washer, 
and nut at the other end of the box. Insert a size D 
flashlight cell (regular size) into the box. Make sure that
there is firm contact between the bolt heads and the
cell. If not, add one or two washers under one bolt head. 
Lock the box, using the special locking flap.

(NOTE: A cell is not included in your kit because 
it deteriorates in storage .)

There is a piece of special two-sided adhesive tape
in your kit. Cut off a piece equal to the length of the 
box. Peel off the protective paper on one side and place 
the adhesive side of the tape against the part of the box 
marked “Attach This Side To Surface.” Now peel off 
the second protective side of the tape (Fig. 24). Locate 
the area of the back of the panel shown by dotted lines

Fig. 23

at (X) in Fig. 20. Keep the box away from the bolts at 
(V) and (S) and from the holes at (Y) and (Z). Press 
all parts of the inside of the cell box firmly against 
the panel. It will stick. When it is desired to change
the cell at a later time it may be necessary to remove
the bolt at S (Fig. 20). Removal of this bolt will permit
the flap to be opened sufficiently to change cells.

If the panel is moved about a great deal you may 
wish to strengthen the attachment of the battery box. 
Use two of the sheet metal screws (pointed) in your kit. 
Punch starting holes in the cardboard with the point of 
a small nail, from the front of the panel. Then insert the 
screws from the front into the cardboard of the box at 
the back. Insert the screws near the side of the box to 
avoid damaging the cell which touches the inside of the 
box at the center.

One cell is enough to cause the bulbs to light dimly. 
This is an advantage for experimentation since the flash
light cell and bulbs will last a very long time. If brighter 
light is required for display purposes add another cell. 
A second battery, extra adhesive and screws are provided 
for this purpose. Put the box in the space between 0  
and U (Fig. 70). The terminal that touches the button 
at the top of the cell is (+ ) .  The bottom of the cell is 
( —). Connect the (-)-) of one cell to the ( —) of the 
other. Thereafter, make connections to the remaining two 
terminals of the batteries in the usual way.

Now prepare the switching disks. There are six 
such disks in your kit. It is necessary to place a posi
tioning mark on each of these disks so that you will be 
able to rotate it and set it to any desired position. A
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Fig. 25

triangular red mark (A in Fig. 25) near the outer rim 
of each disk serves as the indicator (positioning mark).

You will find in the box marked “other parts” a 
piece of label material with printed red triangles. Peel 
off the covering of the adhesive back (just enough to 
expose one red triangle at a time) and cut out an adhesive 
red triangle. Paste this triangle near the outer rim of 
a disk, as shown at A in Fig. 25. Be sure that the tri
angle on each disk points outward, and is lined up with 
one of the rows of holes on the disk.

Connections are made across the wipers on the panel 
by means of the metal jumpers (Fig. 16). The purpose of 
these jumpers is to complete circuits at certain points and 
not at others, depending upon how the wipers are wired. 
The springy action of the wipers and their grooves per
mits contact with the jumpers to be made smoothly and 
firmly.

Insert a jumper into holes (B) and (C) from the 
back of the disk so that the pointed ends stick through 
the front (Fig. 25). Use pliers at the front of the disk 
to pinch the two pointed ends toward each other firmly 
so as to lock the jumper in place. Make sure that the 
jumper is not loose. It may be tightened by placing the 
disk flat on a cardboard on a table and tapping the 
prongs gently with a hammer. The final appearance of 
the prongs from the front of the disk is shown in Fig. 25.

Locate the 6 cardboard disks, each 1 Vi" diameter 
with a hole in the center. Place a long bolt (A in Fig. 
26) through a large size flat washer (B), through the 
center of the large disk, through the smaller cardboard 
disk (C), then through the center hole of the upper 
center section of the panel (which contains the previ
ously attached wipers), through a small flat washer (D), 
then through a thick rubber washer (E) which you will 
find in your parts box. Add another flat washer (D) and 
a nut (F). Hold the nut at the back while you tighten 
with a screwdriver at the front. Adjust the nut until the 
disk at the front of the panel rotates smoothly yet firmly.

When you are satisfied with the way the disk ro
tates, lock the bolt and nut in position by adding a lock 
washer and nut (G). While you hold the inner nut with '
a wrench tighten the outer one with pliers or another 
wrench.

Study the action of this rotating disk carefully, since 
it will set the basic pattern for all circuits that follow. 
Note how the disk can be rotated so that its jumper (H 
in Fig. 26) fits into a set of wipers (IJ). Suppose that a 
wire (K) is connected to one wiper bolt and another wire 
(L) is connected to the other wiper bolt. Electrons would 
then have a complete path from the wire at K up the 
bolt to the wiper at I, across the jumper at H, through 
the second wiper (J), down the bolt and out the wire at 
L. This arrangement provides a convenient method of 
making and breaking a circuit. As the disk is rotated the 
jumper can be shifted to one set of wipers or another. It 
can also be turned so as to touch neither. These three 
positions of the jumper permit several different switching 
arrangements to be made, as we shall soon see.

When making connections keep in mind that the 
end of a wire must be cleared of insulation before attach
ment to a terminal. The method for doing this with a 
pair of cutting pliers is shown in Fig. 27. Cut partly 
through, enough to cut the insulation, but not the wire.
You can control the amount of cutting by the opposing 
action of the fingers as shown in Fig. 27. Then pull in 
opposite directions to make the insulation come off. Re
move the insulation from about 3A  inch of wire at each 
end. Keep the wires as short as possible, without being
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CLOCKWISE

Fig. 28

It is important to note that the nuts at the back of 
the panel that hold the wipers in place should not be 
disturbed when making connections. Don’t loosen these 
nuts in order to get wires under them. This will only 
loosen up the wiper. Instead, after the wire has been 
looped around the bolt add another nut and use it to 
tighten the wire.

It is also important that you hook the wire around 
the bolt in a clockwise direction, as seen from the rear 
of the panel (Fig. 28). The wire will then tighten up as 
you make the final turns on the nut with the wrench. 
If you should hook the wire the opposite way it will 
tend to loosen. It is also a good idea to pinch the end 
of the wire around the bolt with pliers as shown in Fig. 
28. A better connection will then result.

Examine a nut. Note that one face is flat and that the 
opposite face is slightly rounded. When attaching the 
wipers put the nuts on the bolts with the rounded face 
toward the panel. The flat face will then be on the outside. 
Later, when you attach wires to the bolts a second nut will

be put on. If you put that second nut on with the flat face 
inward, the wire will be tightly held between the two flat 
faces. If rounded faces touch the wire it will tend to loosen.

In order to simplify the drawing of circuits we shall 
use certain symbols. Open circles in the panel board (Fig. 
29) represent holes. Dark squares represent wipers. The 
shaded rectangle (E) across the wipers A and B repre
sents a jumper on the rotating disk above the wipers. If 
any wires cross, one of them is shown with a small bend 
at the crossing point to indicate that the metal parts do 
not touch and therefore do not make electrical contact 
(Fig. 30). The insulation on each protects them from 
“short circuits.” A lamp bulb is represented by a larger 
gray circle in the lamp holder. A disk on the panel is 
shown by means of a large (light) circle around the cir
cular section of holes.

All wiring is done at the back of the panel. For 
clarity, these wires are shown with lines on the draw
ings, as their positions would appear from the front, as 
though on a transparent panel. This arrangement is use
ful for figuring out how the circuit works. It also shows 
the proper placement of wipers and jumpers.

For the more complex experiments (after # 8 )  it is 
confusing to wire up the back of the panel while follow
ing the diagram of the front. Special rear view diagrams 
of the wires have been included in a section at the back 
of the book to help you wire up the circuit properly. 
After you have completed the placement of wipers and 
jumpers for all experiments after # 8 ,  refer to the rear 
view diagram to complete the wiring.

Fig. 29
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In Fig. 29 the wires are shown as dashed lines, to 
indicate that they are below the panel. In all diagrams 
that follow the wires will be shown with solid lines.

Now wire up the circuit shown in Fig. 29. As you 
put each wire into place note the position of the cor
responding wire in the symbolic wiring diagram of Fig. 
31. Identical letters are used in Fig. 29 and 31 so that 
you can easily locate the same wire or terminal in each 
drawing.

Connect a wire from F  to G.
Connect a wire from H to D. Make this wire a bit 

longer than you need and strip off about I Vi inches of 
insulation at one end. Then loop this end of the wire 
once around D and once around B. You thereby make 
two connections with one piece of wire. Note at this 
point that the symbolic diagram looks a bit different 
when compared with the real positions of the wires. Note 
that the three points H, D, and B are connected by 
wires, with no parts intervening. Thus, from an electri
cal viewpoint we can consider them to be on one elec
trical line, all at the same “potential.” They are spread 
out into branches in the symbolic diagram to make the 
circuit a bit clearer. In the actual wiring we stretched a 
wire from H to D and then to B. We could also have 
stretched it from H to B and then to D. Or we could 
have used two completely different wires, one from H to 
B and the other from H to D. All these procedures 
amount to the same thing electrically. Current gets to 
all three points without any noticeable electrical “re
sistance.”

You will notice that by using one wire and simply 
extending it another half inch to the next terminal we 
thereby saved a wire and some labor. From a practical 
point of view, therefore, it is the preferred method.

Connect a wire from C to I. Connect a wire from 
J to K. Connect a wire from M to K. Connect a wire 
from A to L. Tighten all connections with nuts.

Insert a lamp bulb at L and another at I. Screw 
them in until good contact is made with the bolt heads 
and wipers below the tips of the bulbs.

To test the circuit, close the main switch and ro
tate the disk so that the jumper touches wipers A and B. 
Lamp L should light. Rotate it to touch wipers C and D. 
Lamp I should light. Move the jumper out of contact 
with both sets of wipers. Neither lamp lights.

If a lamp does not light it may be due to a defective 
lamp or loose wiring. Replace the bulb with one that 
has been tested. If it then does not light, check the con
nections to make sure none is loose. After a great deal 
of use your flashlight cell may be dead and may re
quire replacement.

In the discussions that follow we shall always assume 
that the main switch is on. Be sure to open the switch 
when the set is not in use to avoid using up the battery.

The circuit that you have just made is called a 
parallel arrangement. Note how the lamps in Fig. 31 are 
on parallel branches, each coming from the same point 
(H) and returning to a common point (K). In such a 
parallel arrangement each lamp may be considered to 
be on a branch of the circuit independent of the other. 
One or the other can light up, depending upon where 
the jumper is set.

There are three possible conditions for these two 
lamps in this'circuit:

1) Neither lamp lights.
2) The first lamp lights, the second is off
3) The second lamp lights, th.e first is off

Let’s see how the arrangement shown in Figs. 29
and 31 could be used to represent a problem of some kind.

SIMPLE SWITCHING EXPERIMENTS
EXPERIMENT 1: UMBRELLA OR JACKET?

Bill Olson’s mother, who leaves the house each 
day before he gets out of bed, has been upset because

when she comes home on rainy days she finds that Bill 
has left for school without his umbrella. And on cool

Fig. 30 Fig. 31
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days he forgets his jacket. She wants Dad to make a 
“thinking machine” for Bil! to tell him what to do be
fore he leaves the house.

Dad arranges a circuit exactly like Fig. 31, and rep
resented on your machine in Fig. 29. He uses the same 
disk switch that you have in your set but runs wires up 
to a spot right over the front door. One panel lights up 
and says: JACKET. The other says: UMBRELLA.

Put small signs on your panel to represent this sit
uation, as shown in Fig. 32. For your convenience the 
signs needed for <all the problems in this book are 
printed on the back page. Cut out the appropriate words 
and paste them in place using rubber cement, or gummed 
tape, or small bits of the two-sided tape in your kit.

Now when Mother leaves she can remind Bill what 
to do by simply setting the switch according to the kind

of weather she observes outside.
Note that this is an extremely elementary “thinking 

machine” for Bill (and also for Mother). He doesn’t have 
to worry about observing the weather or drawing any 
conclusions about what clothes to wear. Mother inserts 
her observations of the weather and out come the proper 
instructions for Bill.

Study Fig. 29 carefully because it will set the pat
tern for all of the drawings that follow. In order to show 
the wipers, jumpers, and wiring, all at the same time, 
the drawing is shown as it would appear if mounted on 
transparent plastic. Ordinarily, with the disk in place it 
would be impossible to see the wipers under the disk. 
The wires behind the board would also be invisible. But 
if you picture the wipers under the disk, and the wires 
under the board, then the setup would appear as in Fig. 29.

EXPERIMENT 2: IMPROVING THE WEATHER MACHINE

Mother observes that on some days the weather is the machine to include this situation and tell Bill to
not only rainy but also cool. She asks Dad to improve wear his jacket and take his umbrella.

JACKET

— Th*

(D(gj) ©  ©
UMBRELLA

O K COOL RAIN

m § )

Fig. 32
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COOL RAIN
COOL

RAIN

Fig.

Dad thinks for a while and then sets up one more 
jumper, without changing the wiring at all. Fig. 33A 
shows the two jumpers (E and F). Note that these jumpers 
are shown as large shaded areas, instead of the way 
they really look. This has been done to make them stand 
out in the diagram. In all diagrams that follow the jump
ers will be indicated in  this way.

In order to set up the new arrangement, rempve 
the disk, and add a new jumper. Make it tight by gentle 
hammering against a cardboard on the table. Then re
place the disk as it was originally. Finally paste the new 
words on the panel.

How does the new arrangement work?
When the arrow on the disk is set at OK, neither 

jumper touches the wipers. Weather is OK and no extra 
clothing is needed. Circuits on both lamps are open and 
Bill needs no reminder.

RAIN

33

Fig. 33B shows what happens when the disk is ro
tated to COOL position. Jumper E completes the cir
cuit across the wipers at G and the lamp for JACKET 
lights. But the circuit is open at H and the lamp for 
UMBRELLA does not light.

Fig. 33C shows the situation when the disk is ro
tated to COOL RAIN. Now both wipers are touched by 
both jumpers. Both lamps light, Bill takes both jacket 
and raincoat.

Fig. 33D shows the arrow pointing to WARM RAIN. 
Now jumper F  touches the wipers at H and causes the 
lamp for UM BRELLA to light, but the COOL circuit 
is open at G and the lamp for JACKET does not light.

You are now ready to undertake an experiment on 
your own. Try to solve it by yourself. Only if you have 
difficulty should you consult the diagram at the back of 
the book.

SPECIAL EXPERIMENT 3: A MULTIPLE WEATHER MACHINE

Bill Olson’s mother finds the signalling system very 
useful. But when winter arrives she finds that new signals 
are needed for Bill. In addition to the three kinds of 
weather already noted in signs over the door she asks 
Dad to add VERY COLD (requiring an OVERCOAT), 
SNOW (requiring GALOSHES), and SNOW AND VERY 
COLD (requiring both GALOSHES AND OVERCOAT).

Arrange a wiring system to do this in addition to 
the previous signals for COLD and RAIN. Set it up on 
your panel board.

HINT: You will need four sets of wipers and four 
lamps. Part of the circuit is the same as for Experiment 2. 
No change is required in the jumpers used in Experi
ment 2.

COOL RAIN
COOL
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GENERAL PROCEDURE FOR PREPARING A CIRCUIT
1. Remove all wiring from the previous circuit put 

on the panel.
2. Study the diagram and note which disks are  

being used. Remove these disks from the panel board  
so that you can attach the wipers.

3. Attach wipers in the places indicated by squares 
in diagrams. Remember that wipers usually come in 
pairs. It is not necessary to remove wipers that have 
been attached for previous experiments. These may 
be needed later, and it will save work to leave them 
on where possible. The more complicated circuits will 
be easier to make if most of the wipers are already  
in position. Check each wiper to see that it is tight 
and that its groove is lined up with the center hole 
for each disk.

It is a good idea to put the nut onto the bolt with 
its slightly curved face against the panel.

4. Attach the wires, one at a time. For the simpler 
diagrams you can easily find the connecting bolt at 
the back of the panel from its position on the diagram. 
But for the more complicated circuits turn to the back 
of the book for the rear view wiring diagrams. These 
diagrams show the positions of the bolts as they appear 
from the back.

Select a wire that is the proper length to make 
the connection between two points. W here possible, 
use wires cut for previous circuits. Remove the insulation

from about 1 " of wire at each end. Loop one of these 
cleaned ends around the bolt, clockwise. Put a nut on 
the bolt, with its flat face toward the wire. Tighten the 
nut somewhat.

5. After a connection has been made it is a good 
idea to make a slight mark on the diagram to indicate 
that it has been completed.

6. Proceed with the connection of all the other 
wires. W hen you have finished check the diagram to 
see that no wires have been omitted.

7. Attach jumpers to the disks as indicated by 
the rectangular shaded areas on the diagram. Be 
sure that they are located properly in relation to the 
triangular indicator on the disk. If this is not done 
properly answers given by the machine will be in
correct. Remove all extra jumpers by gently prying up 
the prongs. Tighten all jumpers with pliers and then 
with a gentle tap of a hammer while the disk is on a 
piece of scrap wood or cardboard.

8. Attach the disks to the panel board as shown 
in Fig. 26.

9. You will find at the back of the book (or on 
separate sheets) large letters, numbers and words, to 
be used as labels for your circuit. Cut off the appro
priate labels and paste them to your panel with rubber 
cement or gummed tape.

TROUBLE-SHOOTING
Sometimes a lamp does not light at all, or 

lights very dimly. Look for the following possible 
sources of trouble.

1. The lam p bulb m ay not be a g o o d  on e . Substi
tute another bulb that you know works. If a second 
or third bulb does not work then you are quite sure 
that the trouble is elsewhere.

2. The lamps in your kit have been chosen so that 
they will not glow brightly. This has been done so that 
the battery will last much longer and will save you the 
trouble of frequent changing. However, if the bulbs 
light ve ry  dimly you may have a weak battery. Sub
stitute a fresh cell. Sometimes the metal on the cell 
corrodes and contact is very poor. Do not save any 
weak batteries. Throw them out so that you will not 
mistakenly use them some other time. Remember that 
batteries become weaker with age. After about a 
year, even without use, a battery may be almost 
worthless.

3 . C ontact b e tw een  w ires an d  term inals m ay be  
p o o r . Sometimes a piece of insulation is stuck be

tween the nuts as you tighten them. As a result, the 
circuit cannot be completed and current does not flow. 
O ccasionally a piece of dirt, wax, or grease may 
prevent good contact. Check all the contacts by re
moving the wires and cleaning the ends thoroughly.

4. The circu it m ay not be  co m p le ted . Sometimes, 
when you wire a circuit, you make a mistake in which 
a wire is put in the wrong place so that the circuit 
can't be completed. G o  over the wiring carefully, 
taking one wire at a time and check to see that the 
wire coming out of the (-(—) of the cell has a com
plete path of metal all the w ay around to the (— ).

5. A w ire m ay b e  b roken . O ccasionally there is 
a break inside the wire, hidden by the insulation. 
Take another wire and touch its ends to the terminals 
of each wire or group of wires along the circuit. When 
the circuit is complete a bulb in the circuit will light. 
In this w ay you can find out which parts of the cir
cuit are complete or incomplete. You can then locate 
the wire or contact that is causing the trouble.

i
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SWITCHING SYSTEMS USING ONE MULTIPLE SWITCH
EXPERIMENT 4: THREE-WAY LAMP BULB

Many lamps contain a special bulb that permits 
you to obtain 100 watts, 200 watts, or 300 watts by 
rotating a special switch. When the switch is given one 
complete rotation it provides: 100W, 200W, 300W and 
then OFF. The cycle is then repeated by continued ro
tations.

Inside each bulb are two separate filaments, one 
for 100W and the other for 200W. The 300W light is 
obtained when both the 100W and 200W are on at the 
same time.

You can show the operation of the switching system 
on your panel. Represent the 100W filament with one 
bulb and the 200W by two additional bulbs. Arrange a 
circuit to provide 100W, 200W, 300W and OFF in 
that order.

OFF

300W

If you study Fig. 33 carefully you will see that 
the circuit can be used to turn on a 100W filament and 
a 200W filament to give 100W, 300W and 200W. But 
if the 100-200-300 order is desired another circuit is 
needed.

The circuit is shown in Fig. 34. There are 4 jumpers, 
(A, B, C, D) on the rotating switch disk. Jumpers A 
and B are located at the red indicator on the disk. There 
are 2 sets of wipers on the panel, located at E and F, 
and wired to the 3 lamps (G, H, I) as shown. Note that 
lamps G and H are connected and therefore light to
gether. These two lamps give double the light given out 
by lamp I, and therefore represent a 200W filament.

In order to understand how this circuit works copy 
the positions of the jumpers and the center of the disk 
onto a piece of translucent paper (wax paper, onion skin 
paper, thin typing paper or tracing paper). Place a thumb
tack at the center to make the paper rotate properly. 
Then rotate the paper one quarter turn. You will see 
that jumper A touches the wipers at E, and the 100W 
filament lights. Another quarter turn causes jumper B 
to touch the wipers at F, and the 200W filament lights. 
Another quarter turn causes jumper C to touch the wipers 
at F  while the jumper at D touches the wipers at E. Both 
filaments now light together. Another quarter turn brings 
the disk back to start, in the OFF position where none 
of the jumpers touch wipers. Additional turns repeat the 
cycle.



EXPERIMENT 5: SEVEN-WAY LAMP BULB

Can you set up a system similar to that of experi
ment 4 in which 3 bulbs of 100W, 200W and 400W 
produce 100W, 200W, 300W, 400W, 500W, 600W, 
700W in that order?

Fig. 35 shows the circuit required to solve the prob
lem. Two wipers (A in Fig. 35) are used for the 100W 
filament (represented by one bulb on the panel). In the 
same way 2 wipers (B) connect to the 400W filament 
(represented by 4 bulbs connected together), and 2 wipers
(C) connect to the 200W filament (represented by 2 bulbs). 
The shaded areas represent sets of jumpers which, when 
rotated, make contacts in a manner to give the proper 
switching.

In this circuit it is necessary to make several straight 
lines of jumpers. When the prongs of two jumpers are 
put into the same hole they touch the same wiper to make 
electrical contact. The following procedure is suggested 
to simplify the work: Insert all the jumpers for one line

into proper position from the back of the disk. Cover 
the disk and jumpers with a piece of scrap wood. Invert 
the disk, with the wood, so as to keep the jumpers from 
falling out. Now the wood acts as a protective surface to 
prevent damage to the table. (In any event, if you are 
working on a table keep it covered with a thick news
paper to avoid any damage at all.) Push the prongs of 
the jumpers together with a screwdriver, then pinch them 
together with pliers. Finally, gently tap them down with 
a hammer until all jumpers in the line fit together snugly 
without any bumps.

We suggest that you study the operation of the cir
cuit for this experiment very carefully. As in the previous 
experiment make a tracing on translucent paper of the 
jumpers in Fig. 35. Use a thumbtack to center the paper 
over the center hole of Fig. 35. Then rotate the paper 
one “step” at a time to see how contacts are made. You 
will find it very instructive.

EXPERIMENT 6: EXPRESSING NUMBERS WITH LIGHTS

The circuit of Experiment 5 is of interest because it 
shows how numbers may be expressed with lights. Let 
us see how. Fig. 36 shows 4 black circles, A, B, C, and 
D. These represent 4 lamp bulbs that are OFF. This 
situation represents the number 0.

Directly below it in row E we note that one bulb
(D) is on. Let bulb D represent 1, if it is ON.

Let bulb C represent the number 2 if it is on. This 
is shown in row F.

How would you represent 3? Row G shows that
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we can do this by having both bulbs C and D on at the 
same time. This means 2 +  1 or 3 (row G).

We now represent 4 by lighting bulb B (row H).
The number 5 may now be represented by lighting 

bulbs B and D. This means 4 -J- 1 or 5 (row I).
The number 6 is shown in row J, as 4 +  2.
The number 7 is represented as 4 +  2 +  1, as shown 

in row K. We have now used up all possible combina
tions in which the 3 bulbs could be on or off. You 
might think of the bulbs as representing a kind of code 
for the numbers.

To represent 8 we need another bulb (A in Fig. 
36). The number 8 is shown in row L. Now we con
tinue as before. The number 9 is 8 +  1, represented by 
lighting bulbs A and D (row M). Row N shows the 
number 10 as 8 +  2.

We could continue in this way up to 8 +  7 to 
represent 15. At that point we would need a fifth bulb 
to represent higher numbers. This 5th bulb would rep
resent the number 16. We could then use this bulb 
with the previous 4 bulbs (which can represent 0 to 15) 
to get up to 1 6 + 1 5  or 31. Then we would need an
other bulb for 32.

Note the interesting relationship between the num
bers 1, 2, 4, 8, 16, 32, as follows:

1 =  1
2 = 2
2 X 2  =  4
2 X 2 X 2  = 8
2 X  2 X  2 X  2 = 1 6
2 X 2 X 2 X 2 X 2 = 3 2  etc.

Actually, our lights have pointed out to us a num
bering system different from our usual decimal system in 
which we have ten separate symbols: 1,2,  3, 4, 5, 6, 7, 8, 
9, and 0. From these 10 number symbols we obtain all 
possible numbers.

But suppose that we just use the numbers 0 and 1. 
The number 0 means that a light is off. The number 1 
means that it is on. Now note the similarity of the fol
lowing to Fig. 36:

0 0 0 0 = 0
0 0 0 1 = 1
0 0 1 0 = 2
0 0 1 1 = 3
0 1 0 0 = 4
0 1 0 1 = 5

8  4 2 1
A #  B # o

E #  # • - Q f 1

F - m  m
''/•“VS
& • 2

c m  m
V « /

<;J  +1.+ 3

• • 4

i  * •  '-Q - •
A* /

.K
4  +1+5...,,

J  - •  # • 4  ♦ 2 = 6

K - •  £ $ . : 6 ;  * i \
4  + 2 + 1 = 7

L - 0  •
f * 

• • 6
(\* / 

* \ *■

•
AjTr

i n ' -

•

8 + 1 = 9  

6 + 2 = to

Fig. 36

Consider the number 576 in our ordinary number 
system. What do the 5, 7 and 6 mean? Actually, the 
position of the 5 tells us that it is not just an ordinary 
5 but 5 hundred. The position of the 7 means that it is 
7 tens (or seventy). The position of 6 means that it rep
resents 6 units. Thus the number 576 is really 5 hun
dreds plus 7 tens plus 6 units.

Observe the relationship between tens, hundreds, 
thousands, etc. Each is 10 times the other.

Now let’s return to a number in our system using 
1 and 0 (or lights on and off). What does a number such 
as 10110 mean? Starting at the right the position means 
units. One position to the left means “twos.” One posi
tion to the left of that means “fours.” One position fur
ther to the left means “eights.” Thus the number 10110 
means 22, as shown in Fig. 37.

(16) (8) (4) (2) (1)

0 0



This number system, which uses only two digits 
(0 and 1), is called the binary system.

Addition, multiplication, division, subtraction and 
all other operations in arithmetic may be performed 
with this system. For example, add 7, 5 and 2 in the 
binary system. First express the numbers (Fig. 38). 
Now add the numbers in column C, just as you would 
do in regular decimal system addition. One plus one 
equals two. But in the binary system this is represented 
by 10. So you put down the 0 (at D) and carry the 1 
(at E). Now the numbers in column B add up to 3, 
which in binary is represented by 11. Therefore, you 
put down the 1 (at F), and carry the 1 (at G). Then 
add the digits in column A. You get 3, which in binary 
is represented by 11. Put down the 11 at H. Your final 
answer is 1110, which when translated into decimal 
numbers is 8 +  4 -f- 2 +  0 or 14. This checks with the 
sum in the decimal system (7 -j- 5 2 =  14).

Thus, addition may be represented with the binary 
system and therefore with lights that go on and off.

Let’s see how to represent the binary system on 
your machine. Start with exactly the same circuit as for 
Experiment 5 (shown in Fig. 35) except that only 3 
bulbs are used. Arrange the bulbs in the order shown 
in Fig. 39. The bulb on the left is labeled 4, the next 
one 2 and the one on the right 1. Connect wire K (Figs. 
35 and 39) to the bulb for 4, wire L to the bulb for 2, 
and wire M to the bulb for 1. Label the numbers on 
the dial 0, 1 , 2 ,  3, 4, 5, 6, and 7 instead of 100, 200, 
300, 400, 500, 600 and 700. Now as you turn from 0 
to 7 the lights light up according to the binary system 
notation.

A B c
(4) (2) (1)

1 1 1 =

1 0 1 =

— 0 =

i  i i  o ^ - r >
' *I ✓
Y F '
(8) + (4) + (2) + 0

14
Fig. 38

FROM K FROM L

Fig. 39

EXPERIMENT 7: ADDING NUMBERS IN BINARY

A very simple method of adding numbers may be 
shown with the circuit used in the previous problem. Ig
nore the number labels on the panel. Label the 0 posi
tion as START. Suppose you wish to add 2 and 4. 
Rotate the switch 2 places to the right. This represents 
the number 2. Then add 4 by rotating the disk another 
4 positions to the right. The panel board indicates the

sum (6) in binary.
Since your binary numbers only go up to 7 your 

additions will be limited to numbers whose sum is 7 or 
less. This is not a very impressive feat. Nevertheless you 
can see that arithmetic is possible with an electrical 
switching device.

SPECIAL EXPERIMENT 8: TRANSLATOR FROM DECIMAL TO BINARY

Design a machine that will translate from decimal 
numbers 0 to 15 to binary numbers from 0 to 1111. 
(See Experiments 6 and 7 for information about binary 
numbers.)

This machine may be obtained by wiring a single 
switch with sixteen positions and five jumpers, using

four lamps (for the eight, four, two, and one binary 
digits). When a lamp glows, it indicates that the binary 
digit is 1; when the lamp is dark, it indicates that binary 
digit is zero.

The circuit is shown at the back of the book.
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ELECTRIC SIGNS
EXPERIMENT 9: A CHANGING THEATER SIGN

The Manager of the Cobbletown Theater has ar
ranged for a group of actors to put on the play “Hamlet.” 
He wants his theater sign to spell out H —A—M—L—E —T 
in proper order, with the letters already spelled to remain 
lit. Then when the entire name has been spelled the 
sign is to go off and start all over again a short time later.

The circuit for such a sign is shown in Fig. 40. 
The set of wipers along the arc marked 1 are all con
nected to lamp H. The wipers along arc 2 are all con
nected to lamp A. Similarly with M, L, E and T. All 
16 wipers along arc 4 are connected to each other and 
to the main switch and cell.

Notice the long gray areas at C and D. These repre
sent two groups of 3 jumpers.

Wire up the circuit and try it out. Figure out how 
it works.

The diagram for this circuit is a bit complicated. 
To simplify diagrams we shall sometimes eliminate the 
wires to the main switch, cell and lamps. Thus in Fig.

40 the arrow to “Lamp A ” indicates that the wire should 
go to the base of Lamp A. Similarly the arrow to “Lamp 
L ” indicates that a wire should go to the base of Lamp L.

Switches for signs actually work like the circuit 
you have made. However, electric motors are used to 
rotate the switches, whereas in your kit the rotations are 
performed by hand.

Notice that a different kind of print is used on 
the diagram for words or letters that involve directions 
for wiring. A slanted print is used with this shape:

LAMP
On the other hand, a slightly larger print without 

a slant is used to indicate words, letters, or numbers 
that are to be pasted on the board, like this:

LONDON
The same kinds of print will be used in all diagrams 

that follow.



SPECIAL EXPERIMENT 10: NEWS SIGN

The Birmingdale Dispatch flashes special news bul
letins from the upper floor of its building by means of 
a series of 10 lighted panels, each of which flashes a 
word on or off. The circuit is arranged so that the first 
word remains on for a short time after the second one 
flashes on. Then the first word goes off as the third word 
comes on. The second word goes off when the fourth 
word goes on, etc. After the 10-word message is com

pleted it goes off and then repeats after an interval.
On August 9, 1958 the sign flashed on the follow

ing message: “Nautilus Has Crossed Pacific to Atlantic 
Under North Pole Icecap.” Wire up the circuit, using 
10 lamp bulbs and only 2 jumpers.

First try it by yourself. Then check with the answer 
at the back of the book.

SWITCHING SYSTEMS USING SEVERAL SWITCH DISKS
Up to this point you have used only one rotating 

switch disk. You have seen that many circuits can be 
arranged with it. It seems clear that the use of additional

disks should open up even greater possibilities. Let’s 
study some combinations of disks. Start with the simplest 
possible circuit using four disks.

EXPERIMENT 11: THE MANGO BLOSSOM SPECIAL

The Mango Blossom Special, a long streamliner, has 
four passenger conductors, Anderson, Bileski, Cohen and 
Deluca. Many of the stations along the railroad have 
curved platforms. Since the railroad is near the seacoast 
it is often so foggy that the conductors cannot signal 
with lanterns. Therefore, each conductor in his section 
of the train has a switch to signal to the engineer’s cabin 
that all passengers in his section have finished leaving 
and boarding, and it is safe to proceed. In the engi
neer’s cabin, there is a panel light which shines only 
after all the conductors have signaled OK. What should 
the circuit be?

Fig. 41 shows how one set of wipers and one jumper 
on each of the 4 switches can do the job. Notice that 
all four conductors must close their switches to light

the lamp. If any switch is not closed the circuit is open 
and the engineer does not get a signal for OK.

This arrangement is known as a series circuit. It 
has the interesting property that a break anywhere shuts 
off current in all parts of the circuit. This is not true in 
parallel circuits where there are branches off the main 
circuit. Current may then flow in one branch independently 
of what happens in other branches. This difference be
tween series and parallel is shown in the next circuit.

Notice that in this diagram we do not show the disk 
as it actually looks. We use a circle to represent a disk, 
a shaded area for a jumper, squares for wipers, a long 
and short line for a cell, and a zigzag line inside a circle 
for a lamp. You should be able to wire up this simple 
circuit from the symbols on the diagram.

Fig. 41

EXPERIMENT 12: GENERAL ALARM AT INACCESSIBLE MOUNTAIN

At Inaccessible Mountain there is a fortress inhab
ited by the Singular Dwarfs. They mine uranium. As a 
result they are in danger of invasion and conquest from

any one of four types of invisible dangers. First, there 
are the Elves of Kalkain. They can be detected by means 
of infrared detectors. Second, there are the Gnomes of
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Minx. They can be sensed by ultrasonic detectors. Third, 
there are the Leprechauns of Freemark. They can be 
detected by radar. Finally, there are the Trolls of South
way. They can be detected by ultraviolet detectors.

The dwarfs desire a general battle alarm just as 
soon as any one of their four types of detectors reveals 
the approach of any of these dangers. What should the 
circuit be?

Fig. 42 shows a parallel circuit that solves the

problem. Moving the jumper of the rotating disk into 
contact with the wipers at any of the 4 signals com
pletes the circuit and lights the ALARM lamp (or rings 
a bell). Set up the circuit.

House wiring is based upon parallel (or branching) 
circuits. When one lamp is turned on or off it has little 
effect on another lamp in the house because both have 
independent, parallel circuits, taken off the main lines.

— >

INFRARED
ELVES

ULTRASONIC-
GNOMES

RADAR- 
LEPRECHAUNS 
Fig. 42

ULTRA VIOLET- 
TROLLS

EXPERIMENT 13: PUFFIN BAY SIGNALING SYSTEM

In Puffin Bay there is a lighthouse on a rock about 
a mile from shore. A coast guard station is on the adja
cent mainland. Between them is a cable. At each end, 
there is a switch and a signal light. The lighthouse can 
signal the land station by flashing a signal light. The 
land station, in turn, can signal the lighthouse by flash
ing a signal light. Design a circuit which fulfills these 
requirements.

The circuit is shown in Fig. 43. Three wires (1, 2, 3) 
are required between stations. When the jumper (A) at 
the LIGHTHOUSE is brought into contact with the 
wipers (B), the circuit is completed in wires 1 and 2 and

the lamp (C) at the LAND STATION lights up. Simi
larly, the lighthouse lamp (F) lights up if jumper D (at 
the land station) is brought into contact with the wipers 
at E. Set up the circuit using the wiper-jumper arrange
ment of the previous problem. However, you will only 
need two switch disks, instead of four.

Notice that wire 2 and the cell are in common use 
for both circuits. Either signal can be operated whether 
or not the other one is in use.

This arrangement could also be used for a tele
graph signaling system with telegraph units at each sta
tion instead of lamps.
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EXPERIMENT 14: THE ANNOYING LIGHT

Mr. Porter moved into a new house that had a 
garage separate from the house. One rainy night when 
he put out the light in his room to go to bed he found 
that the lawn light, operated by a switch in the garage, 
was on, and shone right into his room. He couldn’t get 
to sleep. Finally he dressed, went out in the rain and shut 
off the light. He was soaking wet when he came back.

The next weekend he installed a switch in his room 
and connected it to the switch in the garage to enable 
him to shut off the lawn light from his room.

He was gratified one snowy night when the lawn 
light was on and he was able to shut it off from his room.

A week later when he tried to turn on the light from 
the garage it wouldn’t go on. He tried changing lamp 
bulbs but it didn’t help. Later, when he went to bed 
he flipped the switch in his room and the light went on.

Can you explain what was wrong with his switching 
arrangement? Can you design one that will work prop
erly from either the garage or the house?

Try to figure this out by yourself. Then check your 
answer with the solution that follows.

Mr. Porter had wired his switches in series in a 
manner similar to the switching system shown in Fig. 41. 
Such a series connection requires that all switches be 
closed in order for the lamp to light. With the house 
switch on, the garage switch could be operated to control 
the lawn light. But once Mr. Porter turned off the switch 
in the house, nothing that he did at the garage switch 
could help. The circuit was broken at the house and the 
only way to turn on the lamp was to first turn on the 
switch at the house.

Mr. Porter needs the kind of switching system shown 
in Fig. 44. You can set it up using wipers (A, B, C, D) 
and a jumper (I) in one section of your panel and a 
similar arrangement (wipers E, F, G, H, and Jumper J) 
in another section.

As shown in Fig. 44-1 the circuit is broken and 
the lamp is off. But if either jumper is moved to the 
adjacent position a complete circuit is formed and the 
light goes on. Thereafter, if either jumper is moved the 
light goes off. The light is always controllable from 
either switch. However, you can never tell from the posi
tion of one switch alone whether it is on or off, since a 
given position depends upon the position of the other 
switch to produce on or off.

This problem is similar to one that occurs with lights 
in hallway stairs. Two special switches are required, one 
at the top of the stairs and one at the bottom, with the 
light controllable from either one. If this were not done 
and ordinary switches were used, it would be necessary 
to run up and down steps to shut off the light. There 
would be little point to such a system of hallway switches. 
Special switches are sold specifically for this situation.

This type of switch system used for hall lights is 
shown in Fig. 44-2. Although diagram 2 looks quite a 
bit different than diagram 1, it is actually the same, elec
trically. Compare the letters on both diagrams and show 
that this is so.

The kind of switch shown in Fig. 44 is referred to 
as SPDT, meaning Single Pole, Double Throw. Jumper I 
always touches the same wire (CD). In effect, points C 
and D are one pole or terminal. By moving jumper I we 
can “throw” the circuit over to either A or B (double 
throw). Therefore the abbreviation SPDT describes the 
action of the switch.

B E

Fig. 44

EXPERIMENT 15: THE THREE-FLOOR HALL LIGHT
Sam Barone lives in a house that has three floors. 

He uses one light on the middle floor to provide illumi
nation for the two flights of stairs. It is necessary to turn the 
light on or off from switches at all three floors, otherwise 
poor Sam would have to run up and down in the dark to 
turn on the light. Can you figure out a switching system 
to do this?

First try it, then look at the answer in Fig. 45.
Fig. 45 shows the setup on your panel needed to 

control one light with separate switches from three differ
ent places. Disks 1, 2 and 3 represent the three switches. 
Notice that switch 2 is actually a double switch in which 
the jumper at LH and the one at EJ move together when 
the disk is rotated. Thus we operate two switches at once.
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SECOND •  
FLOOR /

The circuit in this case is worth careful study. Fig. 
46 is a symbolic diagram of the circuit. The letters in 
Fig. 46 refer to the corresponding parts in Fig. 45. Follow 
all connections on both diagrams from one point to an
other and check to see that both circuits are the same. 
Note that the jumpers have been placed sidewards in 
Fig. 46 and move up and down. This has been done to 
make the action clearer. Also note that the jumper at 
LH and the one at EJ are shown linked together. This 
is not an electrical linkage, but a mechanical one. No 
current flows from jumper LH to jumper EJ. But they 
are forced to move together because they are attached 
mechanically to the same rotating disk.

Cut little strips of colored paper from a magazine 
and place them on Fig. 46 to represent the jumpers. Move 
any switch (paper strip) to a position that “shuts off 
current.” Then see if current will be turned on by mov
ing either of the other two switches. Then repeat the 
process with each switch.

THIRD
FLOOR

m  © © © (s

FIRST
FLOOR

Fig. 45

Fig. 46

R
-Cd©-

Study the interesting action of the double switch. 
In effect it provides a path for current along either LN 
or KM, no matter what the position of the other jumpers 
may be. Without this double action the other two switches 
would not work properly.

SPECIAL EXPERIMENT 16: FOUR-WAY SWITCH

Just to test your ability, try to extend the previous 
problem to one in which there are 4 different places 
from which a single lamp or other device may be con
trolled. Could you extend this to 5, 6 or more?

To make sure that you won’t peek at the back of 
the book before you have really made a try, we are

omitting the answer to this one. But we will give you 
one important hint. You will need only two kinds of 
switches. Both of these have already been explained in 
the answers to the previous problem.

If you can’t solve the problem and must have the 
answer write to us requesting a solution.
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INFORMATION CIRCUITS
Electric switching devices may be used to record 

and release information. Elementary circuits of this type 
may be set up on your panel.

Such circuite involve situations in which answers 
to a series of problems are worked out in advance and

EXPERIMENT 17: EENIE

Calvin’s friends like to select sides by the Eenie 
Meenie Minie Moe method. The boys line up and one 
of them counts in order, as follows:

Eenie Meenie Minie Moe Catch a Piggie By the 
Toe. If he Hollers Let him Go. Eenie Meenie Minie Moe.

Each time one of the stressed words (dark print) 
is pronounced a boy is counted. The last boy on the 
above count is ruled out.

Calvin wants to know ahead of time who will be 
counted out each time for a given number of boys.

It is an easy problem to figure out what will happen 
for any given number of boys. There are 16 stressed

are then wired up on the board. When the disks are ro
tated to different positions indicating different situations 
the appropriate lights go on to supply the information 
needed for that situation.

MEENIE MINIE MOE

words in the line. Therefore the 16th boy is always 
counted out. If there are 16 or more boys then the 16th 
from the start is always counted out. Therefore numbers 
higher than 15 are not needed on our machine. If there 
are fewer than 16 then you can figure out for each 
number which boy will be counted out. (Try it).

The answer could be listed in a table just as well 
as on your machine. However, we wish to record the in
formation electrically. The circuit is shown in Fig. 47.

When you set the switch disk at the number of 
boys in the line, a light on the panel indicates which 
boy will be counted out.

EXPERIMENT 18: THE SQUARES OF 1 TO 16

A number multiplied by itself produces another 16 is the square of 4, because 4 X 4  is 16. On the
number called the square of the original number. Thus, other hand 4 is the square root of 16. A perfect square
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Fig. 48

is a number which has an integer for a square root. Thus 
16 is a perfect square, but 15 is not.

Charlie wants to learn the squares of all numbers 
from 1 to 16. He also wants to learn the square roots 
of all perfect squares from 1 to 256.

Fig. 48 shows a circuit that will test him. If he 
matches the proper number with its square the light 
goes on.

A good way to operate the machine is to put the

main switch in OFF position. The disks are then turned 
so that the disk on the left indicates a number, and the 
disk on the right indicates the square of that number. 
If the main switch is then closed the light will go on 
only if the square is correct.

Square roots may be tested by working backwards. 
Set the number on the right and find the square root on 
the left.

EXPERIMENT 19: PRIME NUMBER MACHINE

A prime number is one which is not divisible by a 
whole number greater than 1. Fig. 49 shows a circuit 
(designed by Michael Freeman of Vancouver) that will 
light up if the disks are turned to a prime number. Set 
the tens digit on the left disk and , the units digit on 
the right. If the number is prime the lamp will light.

In order to understand how this circuit works pre
pare two translucent papers with the position of the 
jumpers marked off. Tack the centers against the centers 
of the diagram of the disks. Then rotate each from one 
number to the next, in order, and observe how the con
nections are made for each prime number.
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ELECTRIC QUIZ MACHINES
EXPERIMENT 20: TEN QUESTION QUIZ

Many types of electric quiz circuits can be set up 
on your machine. Fig. 50 shows a very simple circuit of 
this kind. The numbers represent “matching” type ques
tions, which you can make up on any subject (arithmetic, 
history, geography, science, etc.). These questions should 
be brief so that they may be typed or written in place 
on the panel. The answers are then typed or written 
under the lamps in the order shown. If there is no room 
on the panel the questions and jumbled answers may

be put onto a separate sheet of paper and numbers and 
letters placed on the panel as shown in Fig. 50 to repre
sent questions and answers. To operate the machine 
turn off the main switch while the person sets the question 
and states the letter which he thinks is the right answer. 
Then the main switch is put on. The light shows whether 
the answer is correct or not.

You might prepare circular cut-out cards that may 
be quickly fastened to the panel to change the questions.

SPECIAL EXPERIMENT 21: DIFFERENT ANSWERS

After a few quizzes it will be easy for anyone to lo
cate the answer, not by knowing it but by knowing the 
position of the answer. Can you design a machine, in 
which the positions of the answers may be changed for

different sets of questions? Many such circuits can be 
wired onto your machine. We are not giving a circuit 
diagram in this book. So you will really have to figure 
out this one by yourself.
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Fig. 50

EXPERIMENT 22: A GEOGRAPHY QUIZ

What is the most populous city, the largest river, 
and the highest mountain of the United States, South 
America, and Europe? Design a machine to answer this 
quiz.

There will be two switches, the “WHAT IS THE . . 
switch, and the “IN . . switch. The first switch will 
have three positions: MOST POPULOUS CITY, THE 
LARGEST RIVER, THE HIGHEST MOUNTAIN. The

second switch will have three positions: THE UNITED 
STATES, SOUTH AMERICA, EUROPE. There will be 
nine lights, NEW YORK, MISSISSIPPI, MT. WHITNEY, 
BUENOS AIRES, AMAZON, ACONCAGUA, LON
DON, DANUBE, MONT BLANC. The circuit appears 
in Fig. 51.

You can make up other questions for this machine.



EXPERIMENT 23: A QUIZ SCORING MACHINE

Can you design a machine that will add up a per
son’s mark as he answers a set of four questions involv
ing choice of answer A or B?

Fig. 52 shows the circuit. A disk is used for each 
question. There are five lights for 0, 1, 2, 3, or 4 right. 
The main switch is turned off. Then the person being 
quizzed turns the disk to the answers for the 4 questions. 
When the main switch is turned to ON position the 
light will go on for the proper total score.

Make up a number of quizzes on different subjects 
and use the machine to score them. One advantage of

this circuit is that the person being quizzed would find 
it more difficult to figure out which positions are the 
right ones, especially if the questions are difficult.

True-false questions may be used on this machine. 
In that case put them in the form of (A) true, or (B) 
false.

The circuit in Fig. 52 assumes that the correct 
answers are 1-B, 2-A, 3-B, and 4-B.

Study the circuit, using translucent paper, and find 
out how it works.

L A M P  1 

L A M P  0  

QUESTION 4
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SPECIAL EXPERIMENT 24: A SIX-QUESTION MACHINE

Figure out how to transform the circuit of Experi
ment 23 into one that will total the scores for 6 ques
tions instead of 4. No answer is given in the back of

the book for this one. You will have to work it out 
yourself. If you want to check your answer, write to us, 
and we will send you a solution to the problem.

CODES
EXPERIMENT 25: TRANSPOSING LETTERS

A simple code for a message is obtained by substi
tuting one letter for another. The same letter is always 
substituted for a given letter. No duplications are allowed. 
For example, if you decide to use the letter N instead 
of A wherever it appears in a message you may not use 
N to represent any other letter.

Fig. 53 shows a simple circuit that puts such a 
code onto your machine. First write out your message. 
Then turn either disk to a given letter in the message. 
Then turn the other disk until the light goes on. The po
sition of the second disk then gives the proper letter to 
substitute. The resulting coded message is called a Caesar- 
type cipher, so called because it was used by Julius Caesar.

To decode a message reverse the procedure.
Study the circuit and figure out how it works.
Here are some sample messages and their coded 

forms, based upon the circuit in Fig. 53.

WE ARE SURROUNDED SEND REINFORCEMENTS. 
JR NER FHEEBHAQRQ FRAQ ERVASBEPRZRAGF.

GOLD IS UNDER FORT KNOX.
TBYQ VF HAQRE SBEG XABK.

ONE IF BY LAND AND TWO IF BY SEA.
BAR VS OL YNAQ NAQ GJB VS OL FRN.

You can compose your own secret code by changing 
the positions of the wires that run from switch 1 to switch 
2. Make sure that one (and only one) wire runs from 
each of the 13 positions on switch 1 to each of the 13 
positions on switch 2.

There are billions of different ways of connect
ing these switches; therefore you may be sure that if 
you mix the wires up well, no one will stumble on your 
manner of connection by chance.
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EXPERIMENT 26: LEONARD’S CODING MACHINE

Leonard Jarvis, designer of codes and ciphers, wants 
a machine which will take each letter of the alphabet 
and give him a two-digit number between 00 and 44, 
according to the following scheme:

A— 00 J— 14 S— 33
B— 01 K— 20 T— 34
C— 02 L— 21 U— 40
D— 03 M —22 V— 41
E— 04 N— 23 W— 42
F— 10 0 — 24 X— 43
G— 11 P— 30 Y— 43*
H— 12 Q— 31 Z — 44
1— 13 R— 32

(♦Note: The same number is used for X and Y be
cause they occur so infrequently. If this were not done 
an extra light would be required.)

Design the machine for Leonard.
There will be two switches, each with five positions. 

Each position is labeled with a selection of letters of 
the alphabet. There will be ten lights; the FIRST DIGIT 
lights 0 to 4, and the SECOND DIGIT lights 0 to 4. 
The circuit appears in Fig. 54.

To operate the machine, set each disk in the posi
tion for a given letter. (Note that each letter appears on 
both disks.) The two digit number for that letter then 
appears in lights.

COMBINATION LOCK CIRCUITS
EXPERIMENT 27: LOCK WITH 10,000 COMBINATIONS

Large vault locks often operate electrically. When 
the correct settings are made the current goes on to open 
the lock.

You can wire up such circuits on your BRAINIAC 
panel. Fig. 55 shows one in which a combination is ex
pressed by means of 4 numbers. The circuit in Fig. 55 
will open (light goes on) for the combination 4827. The

combination is changed by simply shifting the wires to 
new numbers.

Can you prove that this circuit has 10,000 possible 
combinations?

It is interesting to have an unsuspecting friend try 
to find the combination by chance. The possibility of 
doing so is extremely small.

SPECIAL EXPERIMENT 28: COMBINATIONS WITH LETTERS
Use the circuit in Experiment 27 to make combina

tions that operate by means of letters from A to P
instead of numbers. How many combinations may be 
made? Figure out this one by yourself.



SPECIAL EXPERIMENT 29: LOCK WITH ONE MILLION COMBINATIONS

After studying the circuit in Fig. 55, design your vides 10 choices for each position of the first disk. Thus,
own circuit using 6 disks and 10 digits on each. two disks provide 10 X 10 or 100 possible combina-

You can easily calculate the number of possible tions. For 6 disks the number of choices is 10 X 10 X 10
combinations, as follows. The first disk provides 10 
different positions (or choices). The second disk pro-

X 10 X 10 X 10 or 1,000,000.

Fig. 55 35



EXPERIMENT 30: THE GENERAL COMBINATION LOCK

Some locks are made with combinations that can 
be changed at will. Set up the circuit for such a lock 
using 2 disks for setting the combination and 2 other 
disks for unlocking, as shown in Fig. 56.

There are 9 digits on each disk. When any com
bination is set on the two upper disks the light goes on 
(unlocks) if the lower disks have digits one smaller than

the setting. In other words, if you set the number on the 
upper disks at 74, the light goes on if you set the lower 
disks at 63. If you set the upper disks at 35, the light 
goes on if you set the lower ones at 24.

Fig. 56 shows the circuit. Wire it up. Figure out 
how it works. Change the wires to make a different rule 
for opening the lock.

PUZZLES
EXPERIMENT 31: POURING CIDER

James and Robert have an eight-pint jug of cider. 
They wish to divide it equally. They have a jug that 
holds five pints, and a jug that holds three pints. They 
believe it should be possible by pouring suitably to end

up with 4 pints in the 5 pint jar and 4 pints in the 8 
pint jar. What procedure should they follow? Design a 
machine that will solve this puzzle.

The machine will have one switch marked STEP

COMBINATION SECOND
DIGIT

FIRST
DIGIT Fig. 56

SECOND
DIGIT



NUMBER (Fig. 57). It will have 8 positions, 1, 2, 3, 4, 
5, 6, 7, 8. There will be 7 lights: POUR 8 INTO 5, 
POUR 5 INTO 8, POUR 3 INTO 5, POUR 5 INTO 3, 
POUR 8 INTO 3, POUR 3 INTO 8, and FINISHED.

As the switch is rotated from positions 1 through 8, 
in succession, the lights indicate the proper sequence of 
steps to solve the puzzle.

Note that this machine does not actually solve the 
puzzle. A human being must first think about the prob
lem and solve it (or work out the steps required to solve 
it). The solution that he finds can then be wired on the 
machine so that it supplies the correct answer when “re

quested” to do so (by turning switches and setting them 
properly). A table in a book or printed instructions for 
the solution can also supply the correct answer. The ad
vantage of the electric circuit in storing the information 
becomes increasingly important as the number of steps 
in the solution increases. Whereas it might take a human 
being days or even years to go through a complicated 
series of steps to get an answer to a difficult problem, 
the machine can run through the same steps electrically 
in a matter of hours and perhaps minutes.

All of the puzzles and games in this book had to 
be solved before the circuits could be worked out.

EXPERIMENT 32: FOUR AND FOUR PUZZLE

Arrange four matches (1) and four pennies (0) in 
the pattern, 1 1 1 1 0 0 0 0. You are allowed exactly 
four whole moves: and in each whole move, you must 
pick up two adjacent objects located anywhere, and put 
them down in another location next to each other with
out changing their relative order. After exactly four 
moves, the matches and the pennies must be arranged 
in alternating fashion, in the pattern 0 1 0 1 0 1 0 1 ,  
and with no spaces between them. For example, in your 
first move you might pick up the two center objects 
(4th and 5th locations) and lay them down next to each 
other at the right end (9th and 10th locations). You

would then have 1 1 1 .  . 0 0 0 1  0, and since you have 
one alternation, perhaps you have made a small degree of 
progress towards the solution. Design a machine which 
will give the solution to this puzzle.

The circuit is shown in Fig. 58. There is one disk, 
called the HALF MOVE switch. It has eight positions. 
There will be nine location lights as follows: 1,2— 2,3— 
3,4— 4,5— 5,6— 6,7— 7,8— 8,9—  and 9,10. As the disk 
is turned from 1 to 8 the lights indicate which objects 
are to be moved. Pick up objects at odd numbered moves 
and put them down at even numbered moves. Or, you 
can label the moves UP or DOWN on the panel board.

Fig. 57
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EXPERIMENT 33: COPS AND ROBBERS

A party of three policemen and three robbers are 
on the way to jail. They arrive at the bank of a wide 
river which they must cross. Only one small boat is avail
able, holding at most 3 people.

The cops hold a meeting to figure out what to do. 
They decide to remove the robbers’ shoes. This will pre
vent the robbers from escaping because the beach has 
small sharp rocks with jagged edges. It is therefore safe 
to leave one or more robbers on the beach alone. How
ever, they decide not to allow a situation to occur in which 
the robbers outnumber the cops, because there is always 
the possibility of being overpowered and having their 
guns taken away. It is also dangerous to leave a robber

in the boat alone because he could then row downstream 
and escape. A cop must therefore be in the boat at all 
times.

Fig. 59 shows the circuit for a machine which will 
indicate the solution to this puzzle. One disk is used with 
positions 1, 2, 3, 4, 5, 6, and 7 for the successive moves. 
One lamp indicates whether the boat goes ACROSS or 
BACK. There are 3 lamps for COPS and 3 for ROB
BERS, indicating who is in the boat on any trip to the 
other bank of the river. As you rotate the disk the moves 
are indicated by the lights.

Wire up the circuit. Study it (with a rotating translu
cent paper) and figure out how it works.

GAMES
EXPERIMENT 34: FIFTEEN

Player A selects any number from 1 to 4. Player B 
does the same and adds his number to A’s. Player A 
again picks a number from 1 to 4 and adds it to B’s 
total. Play alternates in this way until one player reaches 
15 or more and wins.

This game can be put onto your machine using the 
circuit shown in Fig. 60. The machine’s opponent goes 
first. The main switch is moved to OFF position and the

disk is turned by the opponent from 1 to 4 places. The 
main switch is then moved to ON position and the light 
flashes to indicate the machine’s move. The main switch 
is now turned off and the disk is moved the number of 
places indicated by the light. The process is then re
peated. The machine always gets to 15 first.

Wire up the circuit. Figure out how it works.
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EXPERIMENT 35: BLACK MATCH

This game is quite similar to the previous one, but 
a different circuit is used.

Two players start with 22, 23, 24 or 25 matches, 
one of which has been burned and is therefore black. 
Either player may pick up 1, 2, 3 or 4 matches at his 
turn to play. Play alternates, and the one who is forced

to pick up the black match loses. Fig. 61 shows a cir
cuit for this game.

The circuit assumes that the machine goes first. It 
will win every time. For example, suppose the game 
started with 23 matches

PLAY ERS
CURRENT

MOVE
SWITCH

STARTING
NUM BER
SWITCH

Fig. 61
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Machine takes 2 21 left
Opponent takes 1 20 left
Machine takes 4 16 left
Opponent takes 3 13 left
Machine takes 2 11 left
Opponent takes 2  . . .  . 9 left
Machine takes 3 6 left
Opponent takes 4 2 left
Machine takes 1 1 left
Opponent takes black match . . . loses

EXPERIMENT 36:

The usual way to play tick-tack-toe is familiar to 
nearly everybody. The game is played on a crisscross 
set of lines forming 9 boxes. Then the two players alter
nately enter O or X in the 9 boxes until one player gets 
three marks together in a straight line and thereby wins.
If neither succeeds, the game is a draw.

The problem is to set up a machine which will play 
tick-tack-toe with a human player, assuming that the ma
chine plays first.

Let the squares of the board be numbered as shown 
in Fig. 62. The circuit wiring is shown in Fig. 63. There 
are three switches:

A. Machine’s Move
B. Player’s Current Move
C. Machine’s Previous Move
There are two lights: Machine Plays Here and Ma

chine Plays'Here and Wins. The machine’s move is found 
by rotating disk A and noting where the light goes on. 
The circuit diagram is shown in Fig. 63. All jumpers are 
shown with the switch in the No. 1 position. Note the 
special arrangement of jumpers on the Player’s Current 
Move Switch.

The rules for playing with this machine are as fol
lows:

(a) Draw the crisscross set of lines on a piece of 
paper with small numbers in each spot, as in
dicated in Fig. 62. Crosses and zeros will be 
put into this “board.”

(b) The machine plays first; and all switches are 
turned to the start position.

(c) Turn the Machine’s Move Switch until Lamp D 
lights.

(d) Enter X on the board in the square indicated by 
the number on the Machine Move Switch. Then

There is a starting number switch (A in Fig. 61) 
which is set to the number of matches at the start. Switch 
B is then turned for the machine’s first move. Switch C is 
for opponent’s move. While the opponent makes his move, 
keep the main switch in OFF position. After the oppo
nent moves, put the main switch in ON position. The 
lights then indicate the move the machine should make. 
The matches are picked up as indicated by the opponent 
and by the machine. After the first move by the machine 
switch B is moved to “After First Move” position. There
after, play alternates until the machine wins.

Wire up the circuit. Figure out how it works.

TICK-TACK-TOE

set the Machine’s Previous Move Switch at the 
same number as the move just made.

(e) Then you, as the human player, enter O on the 
board in the square you choose, and turn the 
Player’s Move Switch to indicate the square where 
you played. Repeat steps (c) through (e) until 
the game is over.

If lamp E lights, the machine plays where indicated, 
and wins.

If the machine tries to play in a square already oc
cupied, play in the opposite square instead. This happens 
on the last play when the game is already a tie.

EXPERIMENT 37: SIMPLIFIED GAME OF NIM

There are several .ways of playing the game of Nim. the number of objects in each pile 4, 3, 2, and 1. The
One simplified way is to set up four piles of objects, with two players take turns. During his turn, each player
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must take one or more objects from any one pile (or 
the whole pile). The player taking the last one wins the 
game.

Here is a sample game. Designate the two players X 
and Y.

A B c D
1. Start ............................................ 4 3 2 1
2. X takes 2 from Pile A 2 3 2 1
3. Y takes 2 from Pile B 2 1 2 1
4. X takes 1 from Pile D 2 1 2 0
5. Y takes 2 from Pile A 0 1 2 0
6. X takes 1 from Pile C 0 1 1 0
7. Y takes 1 from Pile B 0 0 1 0
8. X takes last object and wins.

The problem is to set up this variation of the game 
of Nim in a machine. The machine is to signal what move 
it makes in response to any position left by the human 
player. The four piles of objects are represented by four 
switches (Fig. 64). Their positions correspond to the 
number of objects left in the pile at any time. Switch A 
has positions 0 to 4. Switch B has positions 0 to 3. 
Switch C has positions 0, 1, 2, and Switch D has posi
tions 0 and 1. The main switch is always turned OFF 
while the opponent plays and ON while the machine 
moves. The machine is to accept any move by the human 
player and is to be able to signal unmistakably its own 
move.

The machine is to play either first or second. If the 
machine plays first, it should always win; if the ma
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chine plays second, it should win if the player makes any 
mistake. The game is to start with the switches set in 
positions A =  4, B =  3, C =  2 and D —  1.

To operate the machine, if it is the machine’s move, 
set each switch at the position of the number of objects 
which is in the corresponding pile. Then turn the main 
switch to ON. If any one of the lamps A, B, C  or D is 
lit, but lamp Z is not lit, turn the corresponding switch 
down (irrespective of whether other lights flicker on or 
off) until lamp Z lights. If any other combinations of

lamps light up select the switch with the highest setting 
and turn it down by one. If two switches have the same 
highest setting select either of them to turn down. This 
is the machine’s move.

If it is the player’s move, he turns the main switch 
to OFF. He then turns down one of the switches to make 
his move. The main switch is then turned on and the 
machine moves as before.

Can you figure out how this circuit works? This 
is a real project for you.

LOGIC AND REASONING
EXPERIMENT 38: THE FARNSWORTH CAR POOL

Bruce Hays of Omaha, Nebraska reports an inter
esting account of the Farnsworth car pool. Rita Farns
worth said to her husband, “Did you ask the fellows if 
one of them could drive for you tomorrow, so that I 
could use our car?” Joe replied: “Sure I asked them.

When 1 asked Pete if he would take my turn, he said 
he was flying today to Kansas City but he said he would 
be glad to drive tomorrow if he did not have to stay over 
in Kansas City and his wife didn’t need their car. Any
way, Oscar will probably be able to drive because his

SWITCH C SWITCH DSWITCH B

SWITCH A

Fig. 64
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wife has been staying home lately, and he will drive her 
car if she doesn’t go to work. He also said that since 
his own car is due back from the garage tomorrow, he 
can drive it even if his wife does use hers, provided the 
garage gets the car back to him. But if this cold of mine 
gets any worse, I’m going to stay home even if those 
fellows have to walk to work, and you would certainly 
have the car if I am going to be home.” This paragraph 
slightly confuses Rita.

Can you design a machine which will clarify the 
story and tell Rita under what conditions she can drive 
the family car tomorrow?

If the above statements are analyzed carefully you 
will see that Rita can drive the car IF:

1) Pete’s wife IS back AND Pete’s wife IS NOT 
driving.

2) Oscar’s wife DOES NOT drive.
3) Oscar’s car IS back from the garage.
4) Joe’s cold IS worse.
Thus any one of 4 sets of conditions will permit Rita 

to drive the car. But note that condition 1, above, is 
complicated by the extra requirement that Pete’s wife 
does not drive.

These requirements are easily wired up on your 
panel following the circuit shown in Fig. 65. Each circular 
area represents a different disk on your panel. Each 
disk contains 4 wipers and 1 jumper, making up 5 SPDT 
switches (as explained in Experiment 14). For any one 
condition you throw the switch to either a YES (true) 
or NO (false) position.

Notice that for switch A there is no wire from the 
NO position. Therefore, if Pete is NOT back the light 
won’t go on and Rita doesn’t drive. If the A switch is 
shifted to YES, then the wire goes to switch B. If switch 
B is moved to NO, then Pete’s wife will NOT take the 
car and Pete can drive (since he is back from Kansas 
City), Joe can leave his car with Rita, and Rita can 
drive. So a wire goes from the NO position of switch B 
to the light and it goes on.

SPECIAL EXPERIMENT 39:

When Bruce Campbell passed away, his relatives 
were rather perplexed at his will, which read as follows: 

“If at my death my son, Bruce Campbell II, is not 
living, and if no son of his and grandson of mine bearing 
the name Bruce Campbell III, is then living, then 40% 
of my estate will be paid to the heirs of my son. If my 
son is living at my death, and is not a graduate of Edin
burgh University and is not married, and has no son 
named Bruce Campbell III, then 40%  of my estate will 
be paid to my son. If my son is living, but is a graduate 
of Edinburgh University or is married, but has no son 
named Bruce Campbell III, then 60% of my estate will 
be paid to my son. If my son is living and has a son

Now switches C, D, and E are in parallel with the 
AB combination. Rita can have the car if Oscar’s Car is 
Back From the Garage (Yes); if Oscar’s Wife is Not 
Driving her car, or if Joe’s Cold Is Worse.

This circuit illustrates the way in which various 
logic and reasoning problems may be expressed in the 
form of electric circuits.

PETE BACK? PETE’S WIFE DRIVING?

BRUCE CAMPBELL'S WILL

named Bruce Campbell III, then my son will get all of 
my estate if he is a graduate of Edinburgh University but 
only 80% of my estate if he is not a graduate. If my son 
is not living but if he had a son named Bruce Campbell 
III who is living at my death, then 80% of my estate 
will be paid to Bruce Campbell III or his legal guardian. 
Any balance of my estate will be paid to the Gaelic Home 
for the Aged and Indigent.”

Analyze the above will in a manner similar to the 
procedure followed in the previous problem and try to 
work out the circuit yourself. Then check with the answer 
at the back of the book.
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©
Fig. 66

EXPERIMENT 40: GUESSING HELEN’S AGE

Helen’s age is anywhere from 18 to 27, but she 
won’t tell how old she is. However, you believe that 
she can be persuaded to answer four questions asked 
verbally, by yes or no. Then the machine, taking in her 
answers, will determine how old she is.

Design the machine.
One of many designs is shown in Fig. 66. Switch A

asks the question: Is your age 18, 19, 22, 23, 26 or 
27? Switch B asks the question: Is your age 19, 21, 23, 
25 or 27? Switch C asks the question: Is your age 20, 21, 
22, or 23? Switch D asks the question: Is your age 26 or 
27? Each switch has two positions, YES and NO. There 
will be ten lights, each labeled with one of the ages 18 
to 27. The circuit is shown in the diagram.

SPECIAL EXPERIMENT 41: GUESSING A LADY’S AGE

You have a friend who won’t tell how old she is. 
However, you believe she can be persuaded to answer 
four questions verbally “yes” or “no” about her age; 
and you also believe that you can judge what ten-year 
interval of age (decade) she is in.

Design a machine which will tell how old she is.
Here is one of many designs. Switch A asks the 

question: “Does the last digit of your age end in 2, 3, 
6, 7, 8, or 9?” Switch B asks the question: “Is your 
age an odd number?” Switch C asks the question: “Does 
your age end in 0, 1, 2, or 3?” Switch D asks the ques
tion: “Does your age end in 6 or 7?” Each switch will

have two positions, YES and NO. There will be ten lamps 
numbered with the digits 0 to 9 (the last digit of the 
lady’s age).

While your friend is answering these questions, take 
a good look at her, and estimate what decade she is 
probably in. For example, if the lamp that lights is a 5, 
you should be able to tell by looking at her whether 
her age is 35, 45, or 55, etc.

Figure out the circuit by yourself. There is no answer 
at the back of the book. If you must know the circuit, 
write for an answer.
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SPECIAL EXPERIMENT 42: MERRIMAC TIMETABLE

In the Merrimac Railroad timetable the following 
notes may or may not appear for any train: 

e— Except Saturdays 
s— Sundays only 
m— Last trip, Nov. 11 
k— Saturdays only 
d— Daily, except Sunday

y— First trip, Nov. 18
The railroad man who makes up the timetable wishes 

to avoid mistakes due to contradictions in the above con
ditions for any given train. Design a machine to do this. 
Try it yourself. Then check with the circuit at the 
back of the book.

EXPERIMENT 43: A REASONING MACHINE

A study was being made at a certain school of the 
relationship between marks, ownership of cars, and tend
ency to get drunk. The following possibilities were in
vestigated:

Group A
1. All those who received D’s have cars
2. No one with a D has a car
3. Some of those who have D’s have cars
4. Some of those who have D’s do not have cars 

Group B
5. All those who have cars drink
6. No one who has a car drinks
7. Some who have cars drink
8. Some who have cars do not drink

The following deductions are possible, depending 
upon what the survey shows.

Deductions
9. All those who have D’s drink

10. No one who gets a D drinks
11. Some who get D’s drink
12. Some who get D’s do not drink
13. Some who drink do not get D ’s
14. Some non-drinkers do not get D’s
15. No conclusion from the premises can be drawn

Fig. 67 shows a machine that will reason correctly 
from various possible choices of statements 1 to 4 (Group 
A) or 5 to 8 (Group B) above. Set any statement from 
1 to 4 on switch A. Set any statement from 5 to 8 on 
switch B. The light reveals the correct deduction.

Wire up the circuit. Check the “deductions” shown 
by the CONCLUSION light.

CONCLUSION 
9 10 11 12

Fig. 67
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It should be noted that this is a “reasoning” machine 
only in a very elementary sense. Human beings first do 
the reasoning and then wire up the circuits properly. 
However, when complicated circuits of this type are wired

together in large computers, it becomes very difficult to 
follow the exact way in which the answers are obtained. 
Thus, large computers begin to show aspects of the kind 
of reasoning process which human beings go through.

The “logic” and “reasoning” problems of the pre
vious section are based upon a number of simple circuits. 
Examples of such circuits may be seen throughout this 
book. All the complex circuits are actually combinations 
of the simpler ones. Here are the ones most frequently 
used in this book.

1. The AND circuit
A is true only if both B AND C are true.

For example: John will go to college if he is accepted 
by a college and if he earns enough money. The result, 
going to college (A), is true only if he is accepted (B) 
AND if he earns enough money (C).

The circuit which expresses this situation is shown 
in Fig. 68-1. Set up the circuit. Arrange all possible 
positions of the switches and show that the circuit 
expresses the above situation.

2. The OR circuit
A is true if B OR C is true.

For example: Sue will go to the movies if uncle Ben OR 
brother Charlie OR BOTH provide the money.

Set up the circuit in Fig. 68-2 and show that it 
expresses these conditions.

3. The NOT circuit
A is true if B is NOT true.

For example: Pete will flunk out of school if he does 
NOT pass his English course. Set up the circuit.

4. The OR ELSE circuit
A is true if B or C is true, but not if both are true

at the same time. In other words A is true if B OR ELSE 
C is true.
For example: Sam will be able to bully one of his small 
friends (Bob and Carl) only if he is with one or the 
other. But when both are together they cooperate to 
prevent the bullying.

The circuit for this situation is shown in Fig. 68-4. 
Set it up and see how it works.

5. The NEITHER-NOR circuit
A is true only if B and C are both not true.

For example: Little brother will get his ice cream if he 
does not spill his soup at lunch and if he does not cry 
all morning. Set up the circuit on your machine.

Study these circuits and wire each one, with an 
actual situation pictured on the board. Look through this 
book and note places where these circuits are used. 
A total of 16 such circuits are possible. Try to figure 
out circuits and practical examples for all 16 possibili
ties. An interesting book that deals with this subject in 
detail is “Symbolic Logic and Intelligent Machines” by 
Edmund C. Berkeley, published by Reinhold Publishing 
Corp., 1959.

BASIC LOGIC MACHINES

YES ©
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|-------
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Fig. 68
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TRY THESE FOR PRACTICE
The circuit diagrams for the following experiments problems yourself. Then check your circuit with those

are shown at the back of the book. Try to solve the at the back of the book.

EXPERIMENT 44: MONEY-CHANGING MACHINE

A cashier needs a machine which will automatically 
change a dollar, half-dollar, quarter, and a dime when 
a button is pressed. Represent these amounts on one 
switch. Use another switch to act as the “button” to ac

tivate the machine. Represent the coins for the proper 
amount of change in the form of lights on the board. 

Check with the answer at the back of the book.

EXPERIMENT 45: THE

A farmer had a fox, a hen, some corn, a hired 
man, and two barns. He did not trust his hired man, 
who tended to be careless. He wanted a warning robot 
to shine a danger light (1) when the fox was with the 
hen in either bam, the hired man being in the other 
bam, and (2) when the hen was with the corn in either 
bam, the hired man being in the other bam , and (3) a

FARMER’S MACHINE

safety light on other occasions.
There will be a switch for the hired man (M), a 

switch for the fox (F), a switch for the hen (H), and a 
switch for the com  (C); and one position of each switch 
will mean “it is in Bam 1” and the other position will 
mean “it is in Barn 2.”

The circuit appears at the back of the book.

EXPERIMENT 46: TIMOTHY’S MINK TRAPS

Timothy has five traps for minks. He wants to know 
whenever a mink is in any of his traps. Two of the traps 
are close together on a hill. The other three traps are 
some distance away but close to each other near a stream. 
When the alarm goes off, he wants to know in which 
section to look— the hill or the stream.

Design the machine.

There will be five switches labeled: 1ST STREAM 
TRAP, 2ND STREAM TRAP, 3RD STREAM TRAP, 
1ST H ILL TRAP, 2ND HILL TRAP. Each of these 
switches will have two positions: NO MINK, MINK 
CAUGHT. There will be three lights: MINK CAUGHT, 
HILL SECTION, STREAM SECTION.

The circuit appears at the back of the book.

EXPERIMENT 47: THE AUTOMATIC ELEVATOR

A self-service elevator is installed in an apartment 
house with four floors and a basement. Each floor has 
a call button. When the button for any floor is pressed, 
the elevator will stop there. There is also an IN USE 
light. Design a machine that will show the floors at 
which the elevator stops and whether it is in use or 
not. Assume that the “call” button remains ON until 
the passenger has finished using the elevator. (Without

relays, we have to make this assumption.)
There will be five switches labeled: BASEMENT, 

1ST FLOOR, 2ND FLOOR, 3RD FLOOR, 4TH 
FLOOR. Each of the switches will have two positions: 
CALL, NO CALL. There will be six lights, five with 
the same names as the floors, showing where the ele
vator stops, and a sixth light IN USE.

The circuit is shown at the back of the book.

EXPERIMENT 48: THE DAISY PETAL MACHINE

Margaret is in a field picking daisies and making machine that will tell the answer for any daisy,
wishes. When- she picks a daisy, she pulls off the petals There will be one switch, THE DAISY. It will
one by one, counting as she thinks of her wish, “This have 16 positions, numbers 9 to 24. There will be four
year— Next year— Sometime— Never.” If no daisy has lights: THIS YEAR, NEXT YEAR, SOMETIME,
fewer than 9 petals or more than 24 petals, make a NEVER. The circuit appears at the back of the book.
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EXPERIMENT 49: THE URANIUM SHIPMENT

A uranium shipment from one of Jupiter’s moons, 
Callisto, to Earth consists of a freighter rocket ship 
loaded with uranium and a fighter escort rocket ship 
disguised as a freighter. Space pirates are known to be 
lurking on one of the two asteroids, Pallas or Hermes. 
The pirates suspect that one of the rocket ships is a dis
guised fighter; therefore they may either attack the first 
ship or wait in hiding for a second ship. The commander 
of the uranium shipment can send either ship by the Pal
las or the Hermes route and can send the fighter either 
first or second. If the pirate attacks the fighter, the 
pirate will be destroyed. If the pirate attacks the ura
nium ship and the fighter has already passed or taken 
the other route, then the pirate captures the uranium. If 
the pirate attacks the uranium ship, and the fighter is tak
ing the same route, and is behind the uranium ship, the 
pirate is destroyed but during the battle, the pirate de
stroys the uranium ship. Of course, if the pirates do not

attack, there is no combat.
What happens to the uranium shipment in each

case?
There will be five two-position switches to express 

either one of the two possibilities for each of the five 
conditions:

A. Pirates are lurking on Pallas or Hermes
B. Fighter travels via Pallas or Hermes
C. Uranium shipment travels via Pallas or Hermes
D. Fighter travels first or second
E. Pirate attacks first ship or waits for second ship 
There will be four lights to express any one of the

four possible outcomes:
1. Pirates destroyed, uranium shipment safe
2. No combat
3. Pirates and uranium shipment both destroyed
4. Uranium captured by pirates
The circuit is shown at the back of the book.

EXPERIMENT 50: TRANSLATING BINARY NUMBERS TO DECIMAL

Set up a circuit so that binary numbers from 0 to 
1001 will be translated into ordinary decimal numbers. 
When the binary number is set on the 4 switches one

of the 10 lamps will light up to reveal the equivalent 
number in the decimal system.

The circuit is shown at the back of the book.

ADDITIONAL PARTS ARE AVAILABLE
Write for current price list

SCIENCE MATERIALS CENTER, INC.
59 Fourth Ave. • New York 3, N. Y.

ADDITIONAL CIRCUITS
Prices and information may be obtained by writing to:

BERKELEY ENTERPRISES, INC.
815 Washington Ave.
Newtonville 60, Mass.

Write to them for further information about these additional circuits.

■ m u

Acknowledgment is made to Stephen Wolfman, student at Brooklyn College and 
Robert Schultz, student at Stuyvesant High School in New York City, for their help in 
checking the circuits for accuracy.
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Answer to Experiment 8
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Answer to Experiment 10
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REAR VIEW WIRING LAYOUT DIAGRAMS

LAMP H

58

For Fig. 40
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For Fig. 45

For Fig. 47
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For Fig. 48
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For Fig. 54
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Your Work Can Inspire 
And Help Others

If you do an interesting experiment or science project 
which is based upon a Science Materials Center Lab kit, 
let us know about it. We plan to publish photos and 
descriptions of such work by young people so that others 
will be stimulated to do similar experiments.

Your account should be brief —  at most two typed or 
hand-written pages. Describe what you did. If you won 
an award for your project, state the details. Indicate your 
age. Tell us how you got the idea for the project. Include 
permission to publish your report.

You will receive a free gift of equipment worth about 
$5.00 even if your report is not published. In the event 
it is published you will receive equipment worth about 
$25.00.

SCIENCE MATERIALS CENTER, INC.
59 Fourth Ave. • New Y o rk  3, N . Y .





Use these headings for the circuits that you wire up on the panel.
Paste them on the panel with rubber cement or gummed tape.

• ^ A A ^ V V W W W W W V W W V W V W W W W W W V W W V W W W W V S A A A A A A A

YES NO YES NO YES NO YES NO OK OK

YES NO YES NO YES NO YES NO OK OK
OFF OFF OFF OFF OFF OFF OFF BARN BARN START START

11 12 13 20 22 30 14 15 16 17 23 24 25 18 19

BA
MACHINE’S

MOVE

C 27 28 29
PLAYER’S CURRENT MACHINE’S MACHINE

MOVE PREVIOUS MOVE PLAYS

MACHINE COOL AND WARM AND s t a r t  r i if  r n n i  1 1
WINS RAIN RAIN START ° K C° ° L 21’

BARN FOX MAN DANGER SAFE CORN HEN CAUGHT
NONE HILL STREAM TRAPS STREAM HILL FIRST QUARTER
HILL SECOND FIRST SECOND FIRST FIRST SECOND ’/*
TRAPS PREMISE PREMISE NICKEL NICKEL DIME DIME DOLLAR
MONEY NO
PUT IN MONEY DOLLAR QUARTER
YES NO YES NO FINISHED
1-UP 1,2 

8 
into 

5
NEVER 11 12 13 20 22 30 14 15 16 17
18 19 21 26 27 28 29 YES NO BASEMENT
2nd FLOOR 3rd FLOOR 4th FLOOR B IF 2F 3F

2,3 3,4 4,5 5,6 6,7
5 3 8 3

into into into into
8 5 3 8

DIME POUR FINISHED 
YES NO YES NO

7’8 *’9 9’1# CALL USE
NEXT SOME- 
YEAR TIME

THIS
YEAR

23 24 25
1st FLOOR 

8-D 7-U
6-D 4F 5-UP 
BUENOS AIRES 
MONT BLANC
KLM FGH ABC
NO IJ DE

4-DOWN
DANUBE

3-UP 2-DOWN CALL NO

EJO
TYZ

DIN
SX RW

FIRST
FLOOR

SECOND
FLOOR

THIRD
FLOOR

uvw PQR
XYZ ST
BGL AFK
QV PU

SNOW AND
VERY COLD

CALL
PRIME

NUMBER

POPULOUS
CITY

WARM 
AND RAIN

SNOW O K COOL RAIN NAUTILUS HAS CROSSED PACIFIC

TO ATLANTIC UNDER NORTH POLE ICE CAP 100 200 L8 L4

L2 LI 300 400 VERY COLD OVERCOAT 500 600 700



GALOSHES UMBRELLA 100W OFF JACKET
200W 400W OFF 100W 300W 200W OFF PLAYERS’

AFTER FIRST STARTING MACHINE’S ALL CURRENT
FIRST MOVE MOVE NUMBER FIRST MOVE ALL MOVE

SWITCH SWITCH ALL SWITCH

NUMBER MACHINE TAKES MACHINES NEXT MOVE CHOOSES
YES NO GRANDSON BRUCE CAMPBELL III % RECEIVED 40 60 80 100

LIVING?
SON GRADUATE SON SON BRUCE FIRST SECOND

EDINBURGH? MARRIED? CAMPBELL II DIGIT DIGIT
LIVING?

UNLOCK COMBINATION SWITCH B SWITCH A
DIALS DIALS

B2 B3 A1 A2 A3 A4 A5SWITCH D B1

D2 D3 B4 B5 B6 A6 A7 C l C2

SWITCH C

B7 C4 C5 

C3 C6 C7 D1

D4 D5 D6 D7 QUESTION 4
B1 B2 B3 A1 A2 A3 C l C2 C3

HIGHEST MOUNTAIN 
U. S. U.S. NEW YORK

B4 B5 B6 A4 A5 A6 C4 C5 C6 AMAZON MISSISSIPPI 
LARGEST RIVER EUROPE S. AMERICA MT. WHITNEY ACONCAGUA

QUESTION 2 QUESTION 3

NUMBER CORRECT QUESTION 1
TEN’S DIGIT UNIT’S DIGIT 

ROBBERS ACROSS BACK
11 12 13 49 64 225 256 FIRST DIGIT SECOND DIGIT

14 15 16 196 25 36 9 100 144 81 COPS

121 169 16 3 6 7 8 9 4 5 6 7 8 9

A B C D E F G H I J K L M N O P Q R S T U

A B C D E F G H I J K L M N O P Q R S T U

A B C D E F G H I J K L M N O P Q R S T u
V W X Y Z 0 1 2 3 4 5 6 7 8 9 1 2 3

V W X Y Z 0 1 2 3 4 5 6 7 8 9 1 2 3

V W X Y Z 0 1 2 3 4 5 6 7 8 9 1 2 3

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6



This experim ent manual is the heart o f your S C IE N C E  M A T E R IA L S  C E N T E R  
“ Portable L a b .”  It leads the w ay to sound scientific knowledge and the 
experience th a t learning is fu n .

Team s o f scientists and educators have designed the “ Portable La b s”  as 
a series of science study courses th a t can be used a t home or in school. 
Each Lab contains all the m aterial, equipm ent and instruction th a t you will 
need fo r an absorbing adventure into one area of basic science. When you 
have m astered the principles illustrated by perform ing the experim ents in 
this La b , you will be able to initiate your own science projects— form ulating 
your problem , setting up experim ents, observing, measuring and recording 
your results. As you acquire skill in the use o f these scientific techniques, 
you will explore other “ Portable La b s”  w ith greater confidence and pleasure.

The Lib ra ry o f Science, an organization of over 50,000 professionals, is 
proud to offer this exciting series o f S C IE N C E  M A T E R IA L S  C E N T E R  “ Portable 
La b s "— and to welcome you to the ranks o f “ w orking scientists.”



“ P O R TA B LE 
LABO RATO RIES”
A Series of Entertaining, Instructive Science Kits for Young People

C O LO R  S P E C T R O S C O P E  L A B  #0100 Absorbing experiments with a Hand Spectroscope. Illustrated manual, diffrac
tion grating, color filters and accessory materials.

L IG H T  P O L A R I Z E R  L A B  #0102 Exciting experiments with a Light Polarizer. Illustrated manual, polarizer material, 
color filters, stress pattern plastics and accessory materials.

PH YSICS O F  L IG H T  W A V E S  LA B  # 0 12 7 A combination of the Color Spectroscope Lab and the Light Polarizer Lab.

U L T R A - V I O L E T  SC IEN C E L A B  #0126 Discover the use of Ultra-Violet Light in Crime Detection, Scientific Research, 
Chemistry, Theatre, etc. Illustrated manual, Magic-Glo Lamp, Lamp stand, and special materials.

G E IG E R  C O U N T E R  LA B  #0128 Build a precision Geiger Counter and perform safe experiments in Radioactivity. Com
plete kit with booklet and safe radioactive ore. Excellent for advanced science projects.

C A L C U L O  A N A L O G  C O M P U T E R  #0220 Learn the basic principles of Analog Computers by building and solving 
problems on the Calculo Analog Computer. Battery operated. Easily assembled. No soldering.

S P A C E SONGS REC O R D  & MUSICBOOK #0312 16 Delightful musical journeys into outer space by the cele
brated song writing team, Hy Zaret and Lou Singer. 12" 33Vb LP Record and 32 page Musicbook.

E L E M E N T O  #0407 Chemical Card Game and ready reference source giving the meaning and importance of the Periodic 
Table of The Elements. 102 cards, one for each known element, wall-sized chart and booklet.

C E L E S T I A L  JIG -S A W  P U Z Z L E  #0522
Learn the names and positions of the Stars and Constellations as you put this puzzle together.

W HIRLING W O R LD S  M O B ILE  #0525
An assembled mobile of the Planets. Including book, “The Planets and Their Satellites.”

W H IRLING W O R L D S  CONSTR U C TIO N  KIT #0524 Build an unusual colorful plastic mobile of the Planets.
Including book, “The Planets and Their Satellites” by Franklyn Branley, Associate Astronomer, Hayden Planetarium, New York City.

B E G IN N E R ’ S M ICROSCOPE S E T  #0600 Microscope with 6 magnifications: 25X, 30X, 50X, 60X, 100X & 200X. 
Prepared slides, blank slides, slide preparing instruments, plug-in illuminator, and manual, “ Your Microscope and How to Use It.”

BRAINIAC K-30 C O M P U T ER  CIRCUITS LA B  # 1 1 1 9  An introduction to the circuitry of a Digital Computer. 
Build 50 different logic and reasoning machines. Easily assembled. No soldering. Battery operated.

D Y N A T R O N  E L E C T R O S T A T I C  G E N E R A T O R  Demonstrates the fundamental principles of Atomic Structure. Per
form 40 Dynamic experiments. Electric motor operated, plugs into ordinary current.

M AGNETISM  L A B  #1200 Perform 75 interesting experiments in Magnetism. Illustrated manual, 2 powerful alnico V 
magnets, 2 compasses, magnetic and non magnetic materials.

S T A TIC  E L E C T R IC IT Y  L A B  #1205 Perform 50 experiments in Static Electricity. Illustrated manual, special plastic 
materials, neon bulb, vermiculite and a wide accessory of materials.

P R E - E L E C T R IC IT Y  PH YS ICS  LA B  #1245 A combination of the Magnetism Lab and the Static Electricity Lab.


