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Preface

Electronic calculators have great ly inf luenced our way of

l i fe.  These days i t  is  impossible to understand modern

science or technology without knowing sornething about

how these electronic devices work.  With the Miniature

Cornputer you can learn the basic pr inciples of  rnodern

cornputer-science and at  the sarne t i rne enjoy rnany inter-

est ing hours,  assernbl ing your Miniature Cornputer and

prograrrrrr l ing i t  to solve problerns.

You wi l l  work step by step, f i rst  wi th very s i rnple pro-

grasrs,  then with rnore and rr lore complelones; eventu-

al ly you wi l l  be doing calculat ions in binary ar i thrnet ic

with your Miniature Cornputer.  The sarrre system is used

by rnost real  cornputers.  In th is very interest ing and en-

tertaining wdl,  you wi l l  be gaining a head start  in under-

stand cornputer-science, so i rnportant in pract ical ly every

aspect of  rnodern l i {e.
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MINIATURE COMPUTER

List  of  Parts

I .  -  Plast ic c larnps (  10 )

Z.  -  Push-button

3. -  L ight  bulbs (  I0 )

5,  -  U shaped brass c l ips (  50 )

6.  -  Three pronged brass c l ips

7. -  Prognarnrningwire

8. -  Transparent sheets (42)

9.-Lockwashers(2)

10. -  Red sl iders (  I0 )

1I .  -  Main console

IZ. -  Indicator larnp housing

15. -  Mount ing screws (  14 )

16. -  Battery terrninal  bol ts (  2 )

17. -  Hexagon nuts (4 )

I8.  -  Washer

19. -  Cornpression spr ings (  2 )

20. -  One eyed cl ips (  14 )

t r t r
Frtr
t r t r
IFI IFI
ltl LEI

IFI IE
EE

FIGURE I



Haw To AssEMilE_lLguR MTNTATURE COMPUTER

1.

z.

Figure I  is  an i l lustrat ion of  a l l  the parts that
are used in assernbl ing your Miniature Colnpu-
ter.  Check the parts included in your k i t  against
the l is t  of  parts in Figure l .

When you examine the consoler fou wi l l  not ice
ten slots at  rhe lower edge of  the consol i :  Iabel-
led S0, 1,  2,  3.  . . . .9.  The red sl id.ers
should be inserted in these slots as fo l lows:

FIGURE

Turn the console upside down as in Figure 2.
Take a red sl ider and f i t  i t  to the console by
pushing the sl ider through the plast ic channel
between rrart  and rrbrr  on switch S0 (see Figure 3).
The red sl ider should be held down f i rmly inside
this channel  whi le i t  is  being pushed in.

At the end of  the s l ider,  there are two plast ic
prongs (rrwrr  in Figure 4) which rub against  the
sides of  the channel  dur ing insert ion.  The sl i -
der rnust be pushed in fu l ly .  When the sl ider
prongs have passed through the end of  the chan-
nel ,  the prongs wi l l  spr ing out and wi l l  now hold
the sl ider perrnanent ly in the channel .

Assernble al l  ten s l iders to the console in the
sarne way.

Take the bag containing the three-pronged cl ips
( Part  no.6).  One of  these cl ips f i ts  into each o{
thd rectangular cornpartrnents rnarked rrarr  and
ttbrr ,  as shown in Figure 5.

FIGURE

FIGURE 4

3.



ttfdl,FIGURE 6

FIGURE 5

FIGURE Bb

Insert  each cl ip into a rectangular cornpartrnent,
pushing the cl ip careful ly wi th the f ingers and
then using a screwdriver to tap the c l ip l ight ty.
The three prongs f i t  inside the cornpartrnent;
the f lat  p late of  the c l ip f i ts  on the outside wal l
of  the compartrnent {acing the s l ider.  At  the
bottorn of the cl ip is a t iny rnetal  prong ( rnarked.
rrzrr  or l  Figures 5 and 6) ,  which should c l ick into
the hole special ly provided for i t  in the holder.
You wi l l  hear a dist inct  c l ick as the prong spr ing
into place. The cl i ,o wi l l  now be held.  there per-
rnanent ly.  Insert  a l l  200 ct ips in the rectangular
cornpartrnents alongside the sl iders,  in the rnan-
ner just  descr ibed.

Al together there are 213 of  the three-pronged
cl ips.  Af ter  having piaced 200 of  the c l ips in the
cornpartrnents in the rnain channels,  1I  addi t iona
cl ips rnust be placed in the row of  compartrnents
that goes across the top (rnarked trCrr  in Figures
Z and 7l  ,  so that  their  prongs face the row of
rnain channels.  Final ly,  c l ips should be inser -
ted in the two cornpartrnents at  the s ide ( t tdrr  and
rrerr  in Figures Z and 7),  so they face in opposi te
direct ions as shown in Figure 7.

I f  whi le programrning ( done at a Iater stage
in the book) ,  a cl ip happens to fal l  out,  i t  can
be secured in piace as fo l lows: 'Using a
srnal l  screwdriver or a pocket kni fe,  open the
smal l  prong t tzt t  as shown in the diagrams
on the lef t .  Re- insert  the cLip which shbuld
now hold f i r rn ly in place.

Cut of f  a piece of  wire (No. 7l  about Z0 inches
in length. Str ip the v,r i re bare by rernoving the
plast ic insulat ion (  cover ing)

Start ing at  the r ight  hand end, under l ight  socker
LO, we want to thread the wire in a l ine straight
through the two holes (rr)  at  the .bottorn of  eaih
o{ the l ight  sockets (Figure Ba) .

An easy way to accornpl ish th is would be to use
a rrsewingrr  rnot ion as descr ibed below:

Insert  the wire through the f i rst  hoie (rn1) in the
l ight  socket LO, f rorn the underside to the top-
side of  the console (Figure Bb) .  Leave about
I  I /Z inches of  wire exlendinq frorn the bottorn
of th is socket so that the wire can be anchored.

Bend this I  I /Z inch end o{ wire around the l ieht
socket LO in order to prevent i t  s i ipping throirgh
the hole rrrnlrr  (Figure Bc) .  Cont inue the sew--
ing rnot ion by passing the free end through the
second hole ' r r r tZt t  tn the socket LO, so that the
end of  the wire again ernerges on the bottorn
side of  the console (Figure Bc)

A

q

FIGURE Bc



FIGURE 9
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FIGURE 12

Pul l  the wire taut so that i t  l ies in the groove at

the bottorn of  the socket LO. (  You can see this

clear ly by looking inside the socket f  rorn the top-

side of  the console) .

Repeat the sewing rnot ion for  socket LI  (See Fig-

ure 8d).

Cont inue this sewing rnot ion unt i l  the wire has
passed through al l  ten l ight  sockets.  Care should

be taken to avoid kinks in the wire and to keep

the wire straight,  especial ly inside the l ight

sockets between the holes (rn1 and rnZ, rn3 and

\n4, rn5 and rn6, etc.  ) .  The wire should l ie in

the groove or channel at  the bottorn of the inside

of each of  the l ight  sockets.

To anchor the wire f i r rn ly at  the l ight  socket LO,
twist  the wire as shown in Figure 9.

At the lef t  hand end of  the bare wire (at  L9) forrn

a srnal l  loop.

Take a bol t  (Part  no.  I6)  and rnount a nut (no. 17)
on i t .  Place a lockwasher (  no.  9)  on the bol t
next  to the nut (  see Figure 10).  Pass the end of
the bol t  through the slot  in the battery terrninal
post (  at  l ight  socket L9) and hook the loop of  the
bare wire on the end of the bolt .  Mount another
nut (  17) on the bol t  and t ighten the assernbly.

Cut a 6 inch length of wire. Str ip L/Z incin of.
insulat ion of f  both ends and cur l  the bare ends.
This can be done easi ly by bending each end
around,the shaft  of  a screwdriver,  as shown
in Figure 11.

Connect one end of  the wire to the second bat-
tery terminal  post  ( located between l ight  sock-

ets L3 and L4) using a bol t  (15) ,  two nuts (  17)

and a lockwasher (  9)  as shown in Figure LZ.

Use the sanre rnethod of assernbly as in Step 6

above.

Note: That in Steps 6 and 7, t lne heads of the
bol ts should be inside the battery cornpart-
rnent so that the batter ies wi l l  make contact
with the circui t  by touching the heads of the

bol ts

Cut of f  10 str ips of  wire,  each Z inches in leng,th.

Taking each length of  wire in turn,  str ip of . f .  3/a

inch of the insulat ion frorn each end.

Curl  one end of  each wire as explained in Figure

1I.  Note that  the second end of  each wire wi l l
rernain straight as shown in Figure I3.

7

7.
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q Perform the fol lowing steps on each of  the pieces

of wire:

Make sure that t ine 3/4 inch bare end is
straight and insert  i t  thgough the two holes
( k)  in the l ight  socket (Figure 14) .  Bend
the protruding straight end of  the wire back

around the l ight  socket to prevent i t  f rorn

sl ipping out of  the l ight  socket holes.

Connect the cur led end of  th is wire to the
round pi l lar t r t rr ,  at  the sarne t i rne rnount ing

a one-eyed cl ip onto the pi l lar  and using a
screw (15).  Make sure that the f inger of
the c l ip touches the top of  the three-pronged
rnetal  c l ip (  Figure 15)

10. Connect the f ree end of  the insulated wire,  r r ren-
t ioned in Step 7 above, to the round pi l lar  ' t '  at
the extrerne r ight-hand end of  the row of  e leven
pi l lars (  Figure 16) .

FIGURE 16

When you are connect ing the wire,  rnount a one-
eyed cl ip and use a serew as explained in Step 9
( b) above. Note that the pi l lar is not connected to
any bulb. I t  is instead connected to the cornrnon
power terrninal,  Q, which can be seen in the uppe
lef t -hand corner of  the topside of  the console.

I1.  Now instal l  the push button. First  put  the two
srnal l  spr ings (19) over the short  p i l lars on the
bottorn of  the push button (21 ,  as shown in Figure
17.

Take a piece of wire ? inches long and str i .p L/2
inch of the insulat ion off  each end. Now push the
button together with the spr ings into i ts housing
on the lef t  s ide of the console. Attach i t  perrnan-
ent ly by putt ing a mounting screw ( 15) and a

FIGURE 14

FIGURE I7

a)

b)
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washer (  18) into the center hole in the housing

( Figure I8)  .

Before t ightening the screw' wraP one end-of the

wire around i t  so that i t  is f i r rnly fastened to this

part  of  the housing. Tighten i t  so that the button

can st i l l  be pushed in on the spr ings.

lz.  use a screw and a one-eyed cl ip to at tach the other

end of  the wire ( f rorn the push button) to the fur-

ther of  the two rectangular housings ("drt  in Fi-

gures Z and 19) "  Make sure that the f inger of  the

6ne-eyed cl ip touches the three-pronged cl ip in

the cornpartrnent (Figure 19).

13. Take another one-eyed cl ip and screw i t  into posi-

t ion at  t r tyt t  in Figure 19 (also shown in Figure I8) ,

f i rst  s l ipping the t ip of i ts f inger through the gap
rrytr  at  the foot of  the push button housing.

Take another piece of  wire 6 l /Z inches lon$, str ip

the insulat ion off  both ends and attach one end to

the screw holding the c l ip in posi t ion;  the other end

of the wire should be connected to the housing t te"

through a one-eyed cl ip at  te,  as in Figure Ip '

14,  Aff ix the U-shaped cl ips (5) to the bottorn of  the

red sl iders.  Each sl ider has f ive srnal l  indenta-

t ions (rnarked sl  in Figure Z0) .

One brass c l ip f i ts  in at  each indentat ion.  Hold the

U-cl ips in place by using the long plast ic c larnps

( I ) .  Note that  these clarnps have three prgngs

irnarked. 
r tkrr t  in Figure Z0) on each side. These

prongs snap into poi i t iot t  on both s ides of  the red

"f iaut" ,  
f i t t ing into r idges rrr i t r ,  and hold the brass

cl ips in Place.

Note:  Do not sgueeze or deforrn the U-cl ips ex-

cessively s ince they t t tost  retain their  shape and

spr ing in order to rnaintain good electr ic?I  contact '

15.  Final ly,  snap the batter ies into their  housing as

shown' in Figure 16. Be sure that the negat ive and

posi t ive ter in inals of  the battery cel ls are pointed

as shown.

Since three trCtr  cel ls rnust f i t  into the battery hold-

er between the terrninal  posts and since the lengths

of batter ies vary s l ight ly,  i t  rnay be necessary to

adjust thespacebetweentheterrninalbol theadsto
al low a snug f i t  and good electr ical  contact  between

the batter ies and the bol t  heads.

I f  there is too rnuch space between the terrninals,

turn one of  the bol ts two t i rnes in a counter-c lock-

wisedirect ion.Repeatthisprocedurei f thebatter-
ies st i l l  do not f i t  snuglY.

FIGURE



I f ,  on the other hand, the batter ies do not have eno
roorn to f i t  in,  turn one of the bolts two' t imes in a
clockwise direct ion.  I t  may be necessary to rerno
the inner nut al together to provide adequate space
the batter ies.

16. Turn the rnain console over and screw one bulb
into each of  the l ight  sockets unt i l  contact  is  esta-
bl ished with the wire in the groove at the bottorn
of the socket.

Careful ly put on the l ight  housing ( IZl  .  Not ice
that i t  has two di f ferent sides and rnust be rnoun-
ted properly.  You wi l l  have to rerrrove the l ight
housing to change the transparent sheet for  each
program. Be sure that you cut and fold the t rans -
parent sheet careful ly (  Figure 2l) .

FIGURE ZI

There are sorne prograrr ls that reguire the addi

t ional  str ip along the bottorn:  be sure to insert

th is careful ly (  Figure 2Z) .

FIGURE ZZ
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I I .  -  GETTING TO KNOW YOUR MINIATURE COMPUTER

Whether or not you have assernbled your Miniature Computer
yoursel f ,  you should take a l i t t le t i rne now to becorne fami l iar
wi th i ts working parts.  When you begin the exper iments and
problerns,  th is wi l l  save you rnany errors and wasted t i rne.

The f igures on the opposi te page show you two important
things. First ,  the schernat ic drawing shows you how we are
going to represent the parts of  your computer in our wir ing
schernes. We are going to be using many of  these f igures.
They wi l l  not  be too hard to fo l low i f  you start  out  by care-
fui ly cornpar ing the two drawings.

These f igures also show you the three basic div is ions of  your
Miniature Cornputer;

I )  The Input Sect ion

ZI The Prograrn or Logic Sect ion

3) The Output Sect ion

Any calculat ing device has three basic sect ions.  A rnechanical
desk adding rnachine, one that can add and subtract ,  for  exarn-
ple,  rnust have at  least  three basic parts:  there rnust be a way
to put the facts of  the problern into the calculator;  there rnust
be a sect ion that rnakes the calculat ionsl  the answer rnust
sornehow get back to the operator in a cornprehensible rr lan-
ner.  Letr  s expand this concept a l i t t le:  The f i rst  task,  put-
t ing the facts of  the problern into the calculator,  is  accom-
pl ished in the adding rnachine by punching keys, which puts
the facts (digi ts)  of  the problern into the rnachine. This de-
vice,  which puts the facts into the adding rnachine, is cal led
the Input.  Your Miniature Cornputer also has an Input.  In-
stead of  put t ing in the facts of  the problern by punching keys,

as in the adding rnachine, you use the ten s l iders which to-
gether rnake up the Input Sect ion (Sect ion l )  of  your Minia-
ture Cornpute r .

I t  is  obvious that to solve a problem with the adding rnachine,

once you have punched in the f igures,  the rnachine rnust have

a way of  using thern so that the correct  answer is found. This

is done rnechanical ly through a ser ies of  gears.  In a corn-
puter,  th is area is known as the Logic Sect ion,  s ince i t  car-
r ies out logical  or  rnathernat ical  rnanipulat ions of  the digi ts
(or other data) that  have been fed in.  In your Miniature

Cornputer,  the Iogic work is done through the switches that

have already been assernbled, as wel l  as by the wir ing you

wi l l  put  on the rnachine dur ing each exper i rnent.

This sect ion also se rves another purpose. Rernernber that

the s i rnple desk adding rnachine we have been talk ing about,

can do two operat ions:  addi t ion and subtract ion.  W'e only

have to press down a special  control  key on the rnachine to

change i t  f rorn an rradding rnachinetr  into a rrsubtract ion rna,:-

chinerr .  This is the act  of  prograrrr , rn ing the operat ions that

the rnachine wi l l  carry out.  With your Miniature Cornputer,

you prograrn the forrn of  i ts  operat ions by wir ing i t  in di f fer-

ent ways. Thusr fou could say that you are the real  control

uni t  of  your Miniature Cornputer.

11
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Final ly,  any calculat ing device rnust be able to express the
resul ts of  i ts  work in an answer that  the operator can use in
sorne way The desk adding rnachine does this by pr int ing
the resul ts of  i ts  work on a str ip of  paper.  Your Miniature
Cornputer,  'however,  s ignals i ts answer by l ight ing up one
or rrrore (  or sornet irnes none) of the ten bulbs iu Sect ion 3.
This is known as the Output operat ion s ince, just  as the data
wasrrput inrr  in Sect ion l ,  i t  is  now beingrtput outrr .

REAL COMPUTERS WORK THIS W'AY TOO!

Giant cornputers that  carry out cornplex operat ions, in a thou-
sandth of  a second, also have Input,  Prograrnrning, Logic

and Output Sect ions; rnany thousands of t i rnes rrrore cornplex
than the ones in your Miniature Cornputer.

INPU T

There are many {orrns of  cornputer input used today. One

of the ear l iest  was the cornrnon punched card.  Punched pa-
per rol ls are also used. A faster rnethod of  input is through
rnagnet ic tape, l ike that  used in tape recorders.  Now, of
course, there are even rropt ical  readersrr  which can read the

coded rnagnet ic nurnbers on checks and speed up banking op-

erat ions.  In a large cornputer,  the Prograrnrning and Logic
Sect ions are separate.  There is also a f ixed sect ion deal ing

with rrrnernoryrr  and rrstorager l

PROGRAMMING

The Prograrnrning Sect ion is also sornet i rnes caLled the
rrControlr  Sect ion,  and this is what i t  does exact ly.  As we

rnent ioned in the introduct ion,  cornputers can carry out in

rninutes fantast ical ly cornplex calculat ions -  ones that

would take centur ies for  the unaided hurnan rnind. However,

at  the sarne t i rne,  the cornputer is incredibly s i rnple-rninded.

In order for  i t  to be able to digest a problern,  i t  rnust  be

fed in l i t t le bi te-s ized chunks; th is rrreans that the problern

and the sirnpl i f ied steps for i ts solut ion rnust be prepared

in advance and fed into the cornputer step by step. Once

i t  has been given the rnethods, the corrrputer wi l l  {o l iow the

direct ions wi th i ightning speed and quickly f ind the solut ion.

I t  is  a bi t  l ike the rnechanical  rnonster robot of  the rnovies.

I t  has i rnrnense powers;  but  i f  i t  is  to work proper ly,  i t

r r lust  be to ld by i ts creator what to do at  every step. In a

cornputer,  forrning and sending these instruct ions is known

as prograrnrning. You prograrrr  your Miniature Cornputer

by wir ing i t  in such a way that i t  wi l l  perforrn the desired

act ion.  In a large cornputer,  instruct ions are fed into the

calculator in rnachine code and i t  is  prograrnrned autorna-

t i  c al ly.

LOGIC

I3

The Logic Sect ion of  near ly al l  cornputers,  even the rnost



advanced ones, works basical ly in a very s i rn-ple way. This
is the Binary orrrOFF -  ONi l  system. We can use the ex-
arnple of a light bulb.

You want to send a secret  s ignal  to a f r iend who l ives next
door.  You tel l  h im to watch the window of your roorn: i f ,
let l  s say,  the l ight  is  on at  s ix ol  c lock,  he should corrre
ovei ;  i f  the l ight  is  of f r  he shouldnrt .  Thus, you have been
able to send a message through this s i rnple two-posi t ion
technigue. Later on in your experiments with your Minia-
ture Corarputer,  you wi l l  learn how large cornputers rnake
use of this technique to show f igures and facts in a rnethod
perfect ly sui ted to the computer l  s rniniature electronic
circui ts,

LOGIC

Large computers have a separate Mernory Sect ion.  In a
simple w&y, our Miniature Cornputer also has a rrrerrrory;
in fact when we feed a certain piece of inforrnat ion into i t
and do not change anything else, the fact wi l l  not disappear
or dissolve.  However,  real  cornputers have separate rnern-
ory uni ts in which huge arnounts of  data may be'rstored"
aknost indef in i te ly,  and the real  computer can use this
stored inforrnat ion whenever i t  is  d i rected to do so

OUTPUT

FinaIIy we^come to the Output Sect ion. Remernber that youl
Miniature Cornputer puts forth i ts output by l ight ing up a
pattern of l ight bulbs. In large cornputers, outpgt rr . ray take
f i Iany forrns. Punched cards or tapes are the rnost comrnon

Some cornputers pr int  their  answers on sheets of  paper so

fast  that  a page of  a book can be produced in about a second.

Other forrns are electronic beams on screens that show sha

and patterns,  e lectronic s ignals and even sounds.
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I I I .  -  PROGRAMMING YOUR MINIATURE COMPUTER

Now that you know sornething about the structure of  your

Miniature Computer,  you can start  to work wi th i t .

Rernernber that  the Input sect ion consists of  the ten s l id.ers.

Any sl ider can !e in ei ther of  two posi t ions:  forwards (y)

or backwards (x)  .  (You wi l l  see the let ters x and y c lear ly

i rnpr inted on the Prograrnrning Board of  your cornputer.  )

Turn your coffrputer over

and not ice what happens
underneath. Not ice that by
running the sl ider frorn x to

Ir  you are shi f t ing a ser ies

of connect ions on the Prograrn'
rning Board f rorn B, D, F,

H, K to A, C, E, G, I .  Thus,

any wires connected to both

the in (  a) and the out (  b) ter-

minals of Switch I ,  wi l l  t rans-

rni t  current only when the sl ider for that row is in posit ion

y. 
'Wires 

connected to Switch K, wi l l  only be connected

when the sl ider is in the x posit ion. This wi l l  becorne easy

to understand as you pract ice with your Miniature Cornputer.

The Prograrnming Board contains 600 t iny holes. At f i rst ,

you program by connect ing holes on the Progrz.rnrning Board

with wires according to our diagrarns. Later,  when you

have gained experience, you wi l l  invent your own programs.

Note that the holes in the Programrning Board corne in

groups of  three. Each rnernber of  a group of  three is

ident ical  as far  as we are concerned. When a wire is to

be connected to ZCb for exa-rnple ( that  is  vert ical  row Z,

hor izontal  row C, on the r ight  s ide) '  we can use any of  the

three holes at  that  Posi t ion.

\ {hen prepar ing a wire to connect two holes,  cut  of f  a length

of about an inch longer than necessary.  Str ip o{f  about

Z/S of an inch of insulat ion frorn eactr end. Bend the wire

at a r ight-angle just  above the str ipped part  at  e i ther end.

This wi l l  prevent the insulat ion f rorn s l id ing over the str ip-
ped end.

The Output Sect ion consists of

Each of  these contains a bulb.

is a t ransParent sheet that  You

ten nurnbered cornpartrnents.
For rnost prograrr l -s,  there
can cut out (  careful ly)  and

f i t  into the Output Sect ion, as wel l  as a thin dtr ip for the

Inpgt Sect ion.

15



PROGRAM T - ELECTRIC

Prepare a str ip of wire about 12 inehes longr str ip off  the

endJ and bend them as explained in the last sect ion. Put

one end of the wire into one of the three holes at Q and put

the other end into anyof the holes located direct ly in front

of the Output Sect ion -  that is,  on the sarne row as Q. A

bulb should l ight up as you do this.  Test al l  the bulbs in

this way.

Now prepare another length of wire. Connect one length

from Q fo Ta and the secbnd from Tb to one of the holes

for L (  Light)  .  Nothing happens. Now press on the push

button (  T):  the l ight  goes on!

PROGRAM Z .  A FLASHINq SIGN

There is a s i rnple way to get an exci t ing ef fect  wi th your

Miniature Cornputer -  sornething l ike a f lashing, electr ic

sign. Lead two wires f rorn Q to TCa and ZDa'  Fol low the

rest  of  the wir ing scheme exactIY.
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WIRING SCHEME Z

move Sl iders FZ and 53 to y.  When SZ is

and so forth.  I f  you keep switching fair ly
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rapidly,  a l ight wi l l  seern to dance back and forth in the Out-
put Sect ion above.

Study the wir ing in this sirnple prograrn careful ly.  l t  wi l l

rnake the rnore cornpl icated wir ing schernes that fol low later.

much easier to understand.

HINT I :  Wir ing becornes easier when you are using di f feren.!

colored penci ls.  As you put each wire in place on ' ' -

the prograrnrning board, fol low i t  on the diagrarn

with the penci l .

PROGRAM 3 - THE COMPUTER CASINO

- Use transparent sheet No. 3.

We cannot teach our Miniature Cornputer to spin a roulette

wheel,  btr t  we can teach i t  at  Ieast  three interest ing ways to

play a garne of dice. The f i rst  one is very sirnple. By the

t i rne you set up the third gasre'  our computer wi l l  be able to

chal lenge even a sharp player.

WIRING SCHEME 3a

Wir ing Scherne 3a shows you our f i rst  var iat ion.  I t  is  very

easy to wire,  but  not ice careful ly how we have connected the
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current f rorn Q to the s ix switching elernents,  Sl iders Z to 7.
We cannot run individual wires frorn Q to each of the six.
This would require too rnany out lets at Q and too rnr- ich wir ing.
Therefore,  we have sirnpl i f ied i t .  Only ZE is connected to Q.
From ZE another wire leapfrogs to 3E, and frorn 3E another
wire jurnps to 4E. This cont inues unt i l  the current reaches
?E without any unnecessary connect ions.  The designers of
large electronic cornputers work hard at  s i rnpl i fy ing al l  con-
nect ions as rnuch as possible.  Af ter  a l l ,  s ixty or seventy
thousand circui ts and connect ions are cornpl icated enoughl
Unnecessary connect ions would make things i rnpossible.

Now that our wir ing is f in ished, we can start  our dice garne.
Find a partner to play wi th -  preferably not a cornputer expert .
Move any one of  the s l iders between 52 and S7 frorn x to y and
the value of  the dice wi l l  l ight  up.  Next,  i t  is  your partnerr  s
turn.  Exci t ing? Yes, but only for  a whi le.  I t  wonl  t  take too
long for your partner to f igure out how to throw t ts ixtr  -  even
i f  he isnr t  a cornputer expert .  So letr  s t ry to rnake things a
bi t  rnore cornpl icated. I f  you rewire according to Wir ing
Scherne 3b, our dice garne wi l l  of fer  rnore of  a chal lenge.
This t i rne, i t  wi l l  be a l i t t le rr lore di f f icul t  to f igure out which

...st_t{.pr will produce a I'sixil.
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WIRING SCHEME 3b

even rno.re di f f icul t  for your partner,  we have
surpr ise.  When your partner th inks that he haq

rrsvsternrr  and can throw a s ix whenever he feels
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l ike i t ,  I l love st ider 9 (  the panic button) to y.  suddenly your-

partner can no longer throw a six.  By switching sl ider 9 back
-and 

forth occasional ly,  you wi l l  keep him nicely confused.

Our third garne of dice involves even rr lore chance; i f  you

play i t  quickly enough, i t  is alrnost i rnpossible to f igure out

which sl ider wi lL give what result .

Fol low Wir ing Scherne 3c careful ly;  this t ime we wi l l  be

using only three Sl idersz 3,  4 and 5.  This is a.garne for two

or three players.  Each player,  in turn,  can rnove any one

of the three sl iders ei ther backwards or forwards. Make a

note of  the score of  each " throwrr.  The f i rst  p layer to reach

f i f ty (  or  more) wins.

WIRING SCHEME 3c

REAL C.oMPUTERS gORK THIS wfLY ToO!

Even the rnost cornplex cornputer can be used to play its own

version of a dice garrle. In doing so, it will not only arnuse

and instruct the operator,  as our Miniature Cornputer has

just done, but will also help solve sorlte very advanced rnathe-

rnatical problerns. There are rnany practical problerns which

involve i 1""g" nurnber of randorn nurnbers. Take the exarn-

ple o{ a telep-hone exchange with hundreds of thousalids of

receivers. In theory'  any phone may be cal l ing ?ny other

through a central switchboard. Which phones will be calling

which, is l ike a garne of chance, where the laws of probabi-

j
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l i ty  ru1e. The cornputer can very rapidly copy such a s i tua-
t ion,  and thus help in {he design and test ing of  large telephone
networks.  Many problerns in rnathernat ics,  nuclear physics
and other scient i f ic  areas involve the sarne type of  approach;
and to an unaided rnathernat ic ianr,  the cornputer offers a rn!ans
of solv ing the i rnpos sible.

&lA I t  rnay happen that you do the wir ing for a prograrrr
correct ly,  but  st i l l  do not get the required resul ts.  The rea-
son for th is rnay be because one of  the contacts is not prop-
er ly connected. I f  th is happens, f i rst  check that the wir ing
is correct ;  then check that al l  the contacts are proper ly
pushed in.  I f  a bulb st i l l  refuses to l ight  up,  take a long wire
and put one end of i t  in Q. Place i t  into the var ious switches
leading to the bulb that does not l ight up. In this way, you
can f ind the defect ive contact .

BROGRAM 4 - HIDE AND SEEK

For th is prograrrr ,  notratrsparent sheet is necessary.  Just
wire up the prograrrr  area as sholvn in Wir ing Scherne 4.  The
rules are s i rnple.  Each of  the two players has f ive s l iders:
one player 0.-  4,  and the other 5 -  9.  The f i rst  p layer covers
up his s l iders wi th a napkin or handkerchief  and pushes two
switches forward. His opponent now tr ies to rnove two of
his own sl iders in such a way as to make two bulbs l ight  up.
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He is al lowed t f : ree tr ies. I f  he gets i t  r ight the f i rst  t i rne, he

scores three points;  second t i rne -  two points;  and third t i rne

one point:  otherwise'  no score. Then the players change

places. A11 the sl iders are pul led back to the x posit ion.

The second player takes the napkin, covers his sl iders and

pushes two forward, I t  is not easy to guess the otherl  s

i l iaer posi t ions. There are so rnany possible cornbinat ions!

PROGRAM 5 - CROSSING THE RIVER

- Use transparent sheet No. 5.

Here is a prograrn based on an o1d r iddle.  I t  goes as fo l lows:

there was a farrner who had to cross a r iver in an old leaky

boat.  He had to carry across a wol f ,  a goat and a cabbage:

why we donl  t  know; the r iddle does not explain.  However,

we are told that his boat was so old and leaky that i t  could

carry only the farrner and one other object at  a t i rne.

What a problem! I f  the farrner goes across wi th his cabbage,

the wolf  wi l l  eat  the goat.  I f  he takes the wolf  across,  f i rst ,

the goat wi l l  eat  the cabbage. Thus, the only solut ion seerns

to be to take the goat over f i rst ,  s ince the wolf  wi I I  not  eat

the cabbage. But what should he take next? I f  he now takes

the wolf  across, the goat wi l l  get eaten whi le the farrner
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WIRING SCHEME 5
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returns to get the cabbage; however,  i f  he takes across the
cabbage and then cornes later with the wolf ,  there wonr t  be
any cabbage lef t !

This whole rural  drarna is programrned for you orr your
Miniature Cornputer,  To rnove an i tern across the r iver tb
the r ight bank, rnove the sl ider to y.  To return to the lef t
bank, move the sl ider back' to x.  Your cornputer wi l l  not
solve the problern for you by i tsel f ,  but i t  wi l l  help you solve
i t .  You wi l l  be able to see irnmediately which objects are on
each side of the r iver.  I t  wi l l  warn you as soon as any trvo
passengers that cannot get along with each other,  f ind them-
selves on the sarne side of the r iver,  so that you can quickly
rerrrove one of them before they have a chance to eat each
other up.

REAL COMPUTEB

In this prograrn,  your Miniature Cornputer has predicted
the outcorne of  an event i f  a certain decis ion has been taken.
Certainly th is is a very s impl i f ied and obvious case. But
when we consider the fantast ic cornplexi ty of large corr lpu-
ters,  we can see how they can logical ly work out al l  the'
possible consequences of  a certain decis ion.  Thus, when
playing chess, they might appear to be able to look into
the future.  Actual ly,  a l l  they are.doing is carry ing out
simple logical  reasoning {antast ical ly quickLy. A man
with a penci l  and paper would eventual ly reach the sarne
resul t  i f  he had endless pat ience and perhaps ten or twenty
extra l i f  et i rne s j

PROGRAy_6 -  TO CATCH A ROBBER:

- Use Transparent Sheet No. 6.

In rnodern cr i rne detect ion,  pol ice of f icers have a power-
ful  new aI ly in the cornputer.  The descript ions of known
cr i rn inals or suspects are kept in data banks, which are
searched by the cornputer in order to ident i fy those that
might have comrnit ted a cr i rne.

As soon as a cr i rne is reported, a physical  descr ipt ion
of the perpetrator is fed into the cornputer.  Based on
this descr ipt ion, the cornputer is able to quickly narr le a
ser ies of  men who answer to th is descr ipt ion.

'W'e have set the Miniature Cornputer to assist  you in
ident i fy ing possible robbers.  Each cr i rn inal  answers
to a unique set of  physical  character ist ics.  Your Minia-
ture Cornputer can track down 10 cr i rn inals.  Twenty-
six physical  descr ipt ions also apply to honest c i t izens
whose narule s are not found on the l ight panel.

Since we didnt t  happen to have on hand a real cr i rninal  ,
we had to i rnagine the character ist ics of sorne thieves.
I f  you wish, you can plan and prograrr l  a sort  of  t racking
systern for your i rnrnediate farni l ty and relat ives. We

zz
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would then advise you, for  your own safety,  not  to divulge

the fact  that  you have cornposed a cr iminal  poster of  people

you know for your Miniature Cornputer!

PROG&|M 7 -  THE COMPUTER-DOCTO&

- Use transparent sheet No. 7.

Your Miniature Computer has now changed i ts profession.

knagine i t  in a white uniforrn with a stethoscope around

i ts neck. With a new progralrr '  you can instant ly change

your Miniature Cornputer into a rnedical  doctor.

Your Miniature Cornputer wi l l  pat ient ly l is ten to you as

you complain of al l  your aches and pains. I t  wi l l  g ive

you a rnedical  narrre for your i l lnesses and wi l l  a lso tel1

you what rnust be done to cure You.

Wir ing Scheme 7 shows you the inside workings of  th is

autornat ic doctor.  A-f ter  you have f in ished the wir ing,

you can show your corr lp la ints on Sl iders O to 4 ( the syrnp-

torns).  Push Sl ider 8 ( the diagnosis)  forward, and you

wil l  i rnrnediately f ind out the narne of the disease frorn

which you suffer.  To f ind out what you rnust do to get
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better, return Slider 8 to i ts f irst posit ion and push
Slider 9 forward. Now you can see what therapy your
computer -doctor advises.

WIRING SCHEME 7

REAL COMPUTERS WORK THIS WAY TOO:

Tod.ay there are large electronic cornputers that  are
prograrnrr led to give accurate rnedical  d iagnoses. They
consider al l  the pat ient l  s gyrnptons: ternperature,  pulse,
heartbeat,  breathing, his pains and othersyrnptorns; and
irnrnediately indicate the suspected disease, and propose
remedies and rnedicat ions according to the rnost advan-
ced rnedical  l i terature.  These large cornputers reach
their  conclusions basical ly in the sarne way as our
Miniature Cornputer does, except that  their  branching
possibi l i t ies are thousands of  t i rnes more cornpl icated
and they are instant ly able to use an ent i re medical  l ib-
rary that has been fed into thern.

In medicine, the pract ical  value of the computer is that
i t  can learn tens of thousands of combinat ions of syrnp-
tomsand thousands of  d iagnoses. The cornputer is pro-
grarnrned according to the diagnoses of the best rnedi-

cal  special ists.  I t  is  careful ly tested, and any rnistakes
that are found are corrected. Obviously,  these elect-
ronic machines can never corr lpare to or replace a real
doctor.  What they actual ly do is to put a good doctor on
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the r ight t rack when deal ing with a very corr lpl icated set

of  syrnptorns.  Instead gf  searching for hourJ,  or  rnaybe

even days, the computer can lead hirn very rapidly to-
wards the rnost l ikelv answer.

SIC.

Up to now you have been gett ing to know your Mini ture Com-
puter.  Now, we wi l l  actua" l ly  invest igate the basic laws

fol lowed by the cornputer in i ts operat ions -  the Laws of  Logic.

The two types of  logical  c i rcui ts we wi l l  be working with rnost

frequent lyt  dra s i rnply cal led the AND circui t  and the OR

circ ui t .

Let  us start  wi th the AND circui t .  Torn and Tirn,  two twins

with twin beds, who canr t  agr" , -g on anything, share a s ingle

bedside lamp. I f  there were only one switch to turn the larnp

on, there would be trouble.  I f  Torn had the switch,  he rnight

turn on the l ight  when Tirn wanted to s leep. I f  Tirn had the

switch,  he rnight disturb Torn.  How can we save the si tuat ion?

Obviously,  a fa i r  solut ion rnight be to create a c i rcui t  which

would t ight the larnp only i f  both Torn AND Tirn wanted i t  on.

Such a c i rcui t  would involve two consecut ive switches; one

near Tornr s bed, the other near Tirnr s"  The l ight  would turn

on only i f  both Torn AND Tirn turned their  switches on, and

for th is reason, in terrns of  Logic,  th is is known as an AND

circui t .

This Logical  Scheme rnay be changed into an electr ical  scheme,

where eich ewitch represente one of the condit ions- a.s fol lows:

X
i,." l",no

The power

supply is

providing
electr ic i ty

The power

l ines ore ol l

properly

connected

The
bul  b
is

The

switch

is turned

working on l ights up

Each switch thus represents one of the logical conditions. If

any one of the switches is not closedr the larnp will not light up.

The power

supply is

providing
electricifrr

The power'

l ines ore ol l

properly
connecled

The bulb
is not
working

The switch
is turned

on

The lomp

does not

l ight  up

In the sarrre way as we have changed a logical  scherne into a
syetem of electr ical  connect ions,  we can wire our Miniature
Computer to solve logicat  problerns electr ical ly.
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Looking at  our AND circui t  in terrns of  Logic;  consider the

fol lowing: wHEN electr ic i ty is being suppl ied AND the power

l ines are sonnected, AND the bulb is working, AND the switch

is on, the lamp wi l l  l ight up. I f  any of these condit ions is

absent,  the lamp wi l l  not l ight up. We can rePresent this in

the following scherne:

The power supply is

The power l ines ore

The bulb is working

The switch is turned

+ The lomp l ights u;

PROGRAM B - PASSENGER BOOKING WITH THT ANTD CIRCUI1

-Use transparent sheet No. 8.

In the next few pages, we wi l l  be working on a sirnpl i f ied ver-

s ion of  a prograrrr  current ly used by al l  rnajor air l ines.  A

central  cornputer,  located at  the head of f ice,  comrnunicates

with each branch input at  the var ious terrninals served by

the ai  r l ine .

In our i rnaginary exarnple, we have a f l ight that starts out

in Los Angeles and goes to San Francisco, Chicago and New

York.  At  each ci ty i t  p icks up passengers,  and then f inal ly.

crosses the ocean to London. The plane can carry a rnaxi-

rr lurn of  one hundred passengers.  In order not to over load

the plane, each airport  is  g iven space for twenty-f ive pas-

sengers.  As soon as twenty-f ive passengers have reserved

at each of  the airports,  a rnessage is sent to the central

cornputer "Passenger quota f i l ledrr .  On your Miniature

Cornputer,  you represent the quota of  Los Angeles being

f i l led by pushing Sl ider 0 forward in the direct ion of  the

arrow. As each of  the other three airports f i l ls  i ts  quota
( in whatever order)  ,  yot ,  rnove the sl ider forward. Final ly

al l  four airports have booked their  share of  passengers

When you push the f i f th s l ider forward, an extra l ight  f la-

shes on stat ing "Fl ight  to London f i l ledrt .  Thus, the air-

l ine can now warn each of  i ts  branches in the var ious air-

ports that  th is part icular f l ight  to London is f i l led up and

no further reservat ions should be accepted.

Now let  us look careful ly at  our wir ing.  Logical ly,  we could

say that WHEN Los Angeles AND San Francisco AND Chlgago

AND New York have sold out their  share.of  t ickets,  THEN

the f l ight  to London is f i l led.  In a logical  scherne, we would

show i t  as fo l lowd:

Los Angeles f i l led$

Sqn Fronsisco f il led -------------'>

Chicogof i l led#
New York f i l led

The sarne type of scherne can be applied to-the-P-rogramrning

Board on your cornputer {  Wir ing Scheme $ )  .  Fol low the

wir ing thai  leads from Q to E and then across switches 0 -

3, f inal ly connect ing with Light 6.

\

l& 
+ Fl isht  io London f i l lec

l-/

providing electr ic i ty

ol l  proper ly connected
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WIRING SCHEME 8

PROGRAM 9 - PASSENGER BO-OKING WITH THE ' 'OR CIRCUITII

-  Use transParent sheet No'  9 '

To make our rnod'el  of  an air l ine passenger-booking c9m-

puter rnore cornplete, we wi l l  h-ave to use a new circui t '

i ; i ; - . ; i i ;J i r r l  ' ig11" circui t  and to understand i t ,  we shal l

go back to our old '  f i iends Torn and Tirn" There are two

electr ical  buttons at their  hou.se; one at the front door and

oneatthebackdoor.Bothofthesearegonnectedtothe

""rrru 
buzzer inside the house. Now i !  would be very

silly to connect the buttons and buzzets with the sarne sort

of c ircui t  as we u""d for their  larnp'  Tlne buzzer would

Loru only when sorneone presses ott  the buttons at both the

front door and the back door at the same t ime' Such a

bel l  would not be very useful '  We can draw up the fol low-

it g sitttpfe Logical Scherne f or this problern:

Someone presses the buzzer 
l\

ot the froni door 
I on)>-+ The buzze r buzzes

Someone presses lhe bvzzer 
. l  /

ot  the bock door#L
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What we are real ly- lo* ing for ,  is  a systern by which the
buzzer wi l l  buzz EITHER wheo someone presses the buz-
zer at  the f ront door,  oR when someone i resses the buz-
zer at  the back door.  Erectr ical ly we ca-n set  th is up as
fol lows:

Front door
Button

Bock door
Button

As you can see by studying the d. iagrzrn, the circui t  now
becornes complete whethei  i t  is  

-connecfed by pressing
on the button at  the f ront door oR by pressing'on the one
at the back door.  

\o* corrrpare this i iagram"with the
corresponding one for the prograrnrning-Board..

WIRING SCHEME 9a
In th is Wir ing Schefne, we wi l l  be using the tOR' c i rcui t
in a very s i rnpl i f ied and unl ikely way. Soppos. that  the
air l ine wi l l  use this part icular f l ight  to cJrry passengers
frorn the f i rst  a i rport  that  reports al l  one hundred sei ts

Electr icol
Source

a a a a a a a a a a
Los
Angeles

Quoto
f i l led

Son

Fronsi sco

Quoto

fi I led

Chicogo

Quoto
f i  I  led

New Yorl

Quotq

f i l  led

Fl ight  to

London
f i  I  led

Atfention

Fl isht
over-
booked
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TT
tl
l -  " lo e
-11 ll -11 ll
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o
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f i l led. (  There wi l l  be l rrore planes for the other airports).

When you cornplete the wir ing, not ice that as soon as

any of  the airports reports a fu l l  load, the s ignal  l ights

up for "Fl ight  to London f i l led"

A rnuch rnore cornpl icated prograrn is based on the fol -

lowing assurnpt ions:  each airport  is  g iven a quota of

th i r ty seats to f i l l .  we assurne that when three of  thern

t"poi t  their  quotas f i l led (3 x 30 = 90) ,  the fourth air-

poi t  h""  at  least  ten passengers.  We can rePresent the

Logical  Scherne of  th is problem as fol lows:

Los Angelet--+\
Son Fronsisco-+l&)
Chicago---+1-t

Son Frqnsisco-+

Chicogo------+
New York-_|

Los Angeles-+

Son Fronsisco--f

New york_{

l-os Angeles-{

Chicogo-4
New York-+

Los Angeles

Ssn Fronsisc

Chicogo
New York

Fl ight  to

London f  i l led

J
L

oo
o)
o
.93
-c a)
UZ

\

-, )

,/

l ;>- 
Frieh*o London fired

We can also rePresent i t  as:

Our Electr ical  Scherne is as fol lows:

o()
0

c
o
L

lr-

C
o

aJ1

o
c)
o)
c

-3
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Gareful ly cornpare this Electr ical  Scheme with Scheme

9a. I f  you leave out the wir ing along row A (which

l ights up the var ious airport  indicators),  you wi l l  no-
t ice that the horizontal  rows of AND circui ts are set
up just  as in the Electr ical  Scherne. This is a perma-

nent wir : ing character ist ic of  these switches: the AND
circui t  being hor izontal ,  the OR circui t  vert ical .

Now we can add another i rnprovernent ' to this prograrrr .
Let us suppose that on a day of very heavy bookings,
al l  four airports report  that al l  their  places are f i l led

at the same t ime. This would result  in a load of a
hundred and twenty passengers for a plane that can

carry only a hundred. With Prograrn 9b, we add on a
l ight warning: "Attent ion -  Fl ight Overbool.edtt .

WIRING SCHEME 9b

Prograrn 9b f i ts r ight on the 9a which you have just

completed. To do this,  however,  you wi l l  have to make
a few adjustrnents. First  rernove the wire that connects
ZCb with 3Cb. Next,  rernove the wire going to Light 5
frorn 3Cb, and place i t  in the rniddle hole of ZCb. Re-
rnove the wire that cornes frorn 3Eb from the bottorn hole
of 3Cb and place i t  in the bottom hole of ZCb. Fina11y,
Erove the wire frorn the r ight hole of Q to the center hole.

Son

Fronsisco

Quofo

fi I led

Aitention

Fl  ight

ovel -

booked

Los Angeles : Son Frsnsisco Chicoso New York
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Los Angeles-------)

Son Fronsisco-----4

Chicogo-

New York_ _ )

In the Logical Scherne, our addit ion to the program is:

---* Flight over-booked

f l ight  to
London f  i l led

f  l isht
over-booked

Therefore the Logical  Scherne of the f inal  program is:

Los Anqeles -
Son Frd'nsisco
Chicooo
New York -

PjrocRAM t0 - WHAT WILL THE WEATHER BE; LIKE?

- Use transparent sheet No. 10.

Mark Twain once said: rrEverybody talks about the wea-
ther,  but nobody does anything about i t . r r  your Minia-
ture Cornputer cannot do much about the weather ei ther,
but i t_can show you how large cornputers are used today
to rnake weather forecasts wi th a fa i r  amount of  accu-
racy.  Let us t ry i t  out  in i ts new job of  weather predic-
t ion.

In th is scheme for weather pred. ict ion,  we rnake use
of four di f ferent factors,  or  var iables as the scient ist
would cal l  thern:  season, air  pressure,  hurnidi ty and
air  ternperature.  You can easi ly f ind out the facts
you need for the Input.  Season is certainly no pro-
blern. I f  you have a barorneter,  you can d,eterrrr i rre
the fal l  or  r ise of  a i r  pressure.  A cornrnon therrno-
meter deterrnines ternperature.  As for hurnidi ty,  i f  you
do not own a hygrorneter,  l is ten to the radio or l rust
yoursel f  to guess the hurnidi ty approxirnately.

Of course, the rnore var iables we put into our program,
the rnore l ikely our predict ion is to be accurate.  pro-

fessional  meteorologists work wi th rnany other factors
which are gathered frorn precise and expensive equip-
rnent scattered al l  over the wor ld and which the aver-
age person cannot obtain,

With only four var iables,  no one would expect us to
be able to accurately predict  the weather in advance.
But al though our prograrrr  is far f rorn complete, i t
is  st i l l  basical ly correct .  Obviously,  th is prograrn is
only a sirnpl i f ied exarnple. I f  you have a.,special  inte-
rest  in the weather and learn rnore about i t ,  you wi l l
be able to rnodify this prograrn and add rnore var iables.

{

I
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The knowledge
now will allow
roorn for i t  on

of programrning you have gained up to
you to do this,  and there is st i l l  enough
the Prograrnming Board.

I Air I  Air lHumidiry
I pressure I pressure Jdecreosir

r is ins i  fo l l ing I

a iEis is s ls
Humidity 

I 
Tempe 

I Tempe i- 
I 

Weorher iWeorher
Increosrn$ rorure i  roture Summerl winter .  improving,yel5sni lg

l r is ins i ro i l insi  L r

q

,?
;?

?
?

?
I

I
?

!?==
6

I
?

I.?

?
.?

obobob

WIRING SCHEME)IO

REAL COMPUTERS WORK .THIS WAY TOO!

This prograrrr actually has sorne sirnilarity - although
in a very sirnpl i f ied form - with the way real electro-
nic cornputers are prograrnrned to accurately predict
the weather.  Natural ly,  the large computers can use
many hundreds of var iables and have accurate wei. ther
data gathered frorn al l  parts of the world avai lable to
them . The large cornputers evaluate this data, corn-
pare i t  with previous weather si tuat ions and come up
with a surpr is ingly accurate picture of  future weather
condit ions.

Weather predict ions of  th is sort  are only possible be:
cause of the development of the electronic computer.
Before cornputers, weather predict ions had to be done
by cornparing large tables of f igures rnanual ly.  The
nurnber of var iables needed is so great that by using
only an ordinary office calculating machine, the wea-
ther would be over long befo,re the predict ion has been
cornpleted.
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P49GRAM 1I - EOOKKEEPING

- Use transparent.  sheet No. 11.

This prograrn transforms the Miniature Cornputer

into a bookkeeping reference guide. I t  is t rue that i t

doesnrt  register rniscel laneous surrrs,  but  i t  does

indicate the necessary bookkeeping entr ies reguired

in a business transact ion.

Since the sl ider descr ipt ion spaces are very l imi ted;

we l ist  belo.r  the transact ions which correspond to

the respect ive s l iders.

WIRING SCHEME I  I

SLIDER KEY WORDS

0
1
7

3
t.+

6
7
8
9

Bank Deposi t

Goods Return
Cash Payment
Cash SaIe
Terrn SaIe
Cash Purchase

Custorner Payment

Bank withdrawal
Order Transfer
Term Buying

DESCRIPTION

We bring rrroney to the bank
We send goods back to the suppl ier
We pay suppl ier
We sel l  goods for cash or check
\f  e sel l  goods on credi t
We buy goods for cash
A customer pays by check
We withdraw money frorn bank
'We 

transfer an order to a suppl ier
We buy goods on credi t

bobobo

A

B

D

E
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PROGRAM 12 - THE COMPUTER.BARMA$I

-Use transparent sheet No. IZ.

Here is a program that would be equal ly useful ,  on a

1.rg9 scale-r._in a chemical factory 
-and 

on a srnal l  scale,
in a bar.  A computer-barrnan is never too t i red to
rernernber the ingredients of a1 favori te cocktai l .  you
can easi ly see how this prograrn could be adopted. under
di f ferent circurnstances to 6elp autornat ic pro-duct ion
in a pharrnaceut ical  or other type of factory. Instead
oJ tumirrg on a_l jght,  as in our Miniature Computer,
the wir ing would be connected to switches that lcontro.r .
the components of the assernbly l ine.

,PROqRAM 13 - STUpENT T_IME-TABLE

Use transparent sheet No. 13.

Here we have a real ly pract ical  program which wi l l
show you how to set  up a t ime-table or school  course
schedule on your Miniature Cornputer

Of course, everyone should set  up his progranr accor-
ding to his own schedule. The Wir ing Scherne is only
one example.
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WIRING SCHEME 13

A sirni lar  schedule cbuld be set up by the physical  educa-

t ion instructor,  to show the schedule for  use of  the gyrn-

nasiurn;  or  the chernistry instructor could schedule the

use of  the laboratory.  can you think of  other appl icat ions

of th is idea?

PROGRAM 14 - FROM COLglts ro LoGIC

- Use transParent sheet No'  14'

This isaveryeaSyprograrn.Theproblernofrnix ing
pr i rnary colois to produce secondary ones is a s i rnple

ine; however '  th is prograrn does teach us sornething

about cornputers. tne f ,ogical  Scherne for this problem

is as fol lows:

Yel low Oronge

I
I
I
I
I

I
t

I
i

i

Red

Bl ue

D-r Brown

Violet

Green

b

i]
?i

l t

i'
? i
oi

l r
9l
al

i
?t
6

L
I

t
I

MON, TUE. WED. THUR.

T
?l

r l
9r

il
t l
o l

ti

r-
?

I
I
I
I

t

J

qb

li--T
991
o ol

, t?
99

??l
t t !

"  " ll {  iL

??
9?,

i  t l

r -'-ir
??

bl q

Fr?
t t

?1 ,r
t '9

I
I

{ i

t9
t t

SPANISH

55



The $r i r ing Scheme, however,  is  rnore complex,  less
syrnmetr ical ,  and does not look at al l  l ike the Logical
Scherne. In real cornputers, t rr le translat ion of a prob-
lem into a Logical  Scherne and then into a form that the
computer understands, requires a special ly t ra ined
prograrTlrner.

WIRING SCHEME 14

Wg see_ that our Miniature Cornputer now works according
to the Laws of  Logic.  I t  can reach,the conclusion that

{  yoo rnix yel1ow and red, you corne up with orange.
To put th is in a logical  forrn:  IF there is red. ANO i t  is
mixed with yel low, THEN you wi l l  get orange.

This type of  reasoning is not l i rn i ted to rnix ing colors,
but can also be appl ied to a wide var iety of  logical  state-
ments.  For instance, IF i t  ra ins and I  go out wi thout
rny urnbrel la,  THEN I wi l l  get wet.  Here is a type of
logic that  you can easi ly wire for  yoursel f  on your Min-
iature Cornputer,  rnerely by wri t ing your own capt ions
on one of  the blank. t ransparent sheets.  Thus you see
that your Mini ture Cornputer,  srnal l  as i t  is ,  can handle
many di f ferent k inds of  logical  problerns.  In a sense you
can say that i t  th inks, just Like a hurnan mind.
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In the previous exper iment we saw hgw pr imary colors

( e.  g.  yel low, red, blue) could be cornbined to produce

"."6trd."y 
colors (  e.  g.  orange, green).  In the sarne w?y,

pr irnary and secondary colors rnight be combined to give

lert iary colors such as turquoiser maroon and l i rne'

PR RAM 15 - PRIMARY SECONDARY AND TE RY

LO y Marcel  Trernblay,

-  Use TransParent

Lac St.  Jean, Quebec.

sheet No. I5.

WIRING SCHEME I5

Note that every t i rne al l  the pr imary colors are {ound in

a combinat ion;  brown aPpears.

Example:  l .  Orange +

-4-Red + Yel low

Blue o Brown

+ Blue = Brown

Z. 'Violet  + Yel lOw = Brown

+
Red + Blue + Yel low o Brown

A

B

c

D

F

u

H

I

K

YELLow VIOLET GREEN ORANCE
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PROGRAM 16 -  PAPER, STONE, SC$SORS

Use transparent shee! No. 16.

This prograrn is a garrre 'of  chance f .or  Z players.  The f i rst
player uses Sl iders I" ,  Z and 3,  whi le the.second uses Sl iders
6, 7 and B. The players hide their  s l iders.  Each then rnoves
one of  h is 3 s l iders {rorn x to y.  Then they press down on
the push button (T) to see who is the winner,  i f "  any.  The
garne is scored as foLlows: the scissors beat the paper be-
cause they can cut i t .  The paper beats the stone because i t
can cover i t .  The stone beats the scissors because i t  can
break thern.

Try out th is arnusing l i t t le garne.

WIRING SCHEME I6

PROGRAM 17 -  A KNOWLEDGE TEST

Us e t ransparent

Heri :  is  a knowledge test  that  you
fr iends. This prograrr ]  is  based
abi l i ty to count.

sheet No. T7.

can give your relat ives and
on your Miniature Cornputer l

l
" l

I
I
I

g
Poper

><
Sc issors

B
WiNS

I

l
I
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Here is how you do i t .  Prepare f ive fa i r ly  d i f f icul t  quest ions

in such a way that each is given Z answers (we give one sugges-

ted. set  below).  Each of  the answers is cal led x or y.  Af ter

you have prograrr ln led the test ,  you score i t  by set t ing the

sl iders according to the answ6rs that  are given.

WIRING SCHEME I7

SUGGESTED QUESTIONS:

I

x

I  066

240, 000 rni .

450, 000, 000

Morse

Buenos Aires

v

l49Z

800,000 rni .

200,000,000

Be11

La Paz

1. -  When did Colurnbus discover

Arne r ica?

Z. -  How far is the rnoon ?

3. -  What is the PoPulat ion of

the United States?

4. -  Who invented the telePhone?

!.  -  What is the caPital  of

,  Argent ina?

i ,oo, l"u'o","

bobobobo

b

D

E

F

H

I

K

Quenion I Que*ion 2 Quesrion 3 Que$ion 4 Qu$tion 5
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PROGRAM 18 -  SORRY, YOU LOST!

-Use transparent sheet No. 18.

FIere is another garne, one that you should show people who
doubt the abi l i t ies of your Miniature Cornputer.  Here are
the rules:

In this game, you are playing against the cornputer i tsel f .
You start  wi th al l  the s l iders at  x.  You rnove one, two or
three consecut ive s l iders {rorn x to y.  At  th is point ,  you press
the push button (T) and you'r  Miniature Cornputer wi l l  te l l  you
how rhany sl iders i t  wants to rnove. The winner is the player
who puts hirnsel f  in the posi t ion where he can rnove the Iast
s l ider on the r ight  ( that  is ,  Sl ider 9) forward. you rnay start
the garne yoursel f ,  or  you can al low the cornputer to begin by
rnoving for i t .

You are Boing tc be surpr ised, but in rnore than hal f  of  the
gaffres the cornputer wi l l  not  only te l l  you the f igure,  but wi l l
a lso pol i te ly announce: r tSorry,  you lost j  t '

This indicat ion wi l l  l ight  up when you press the push button
( T) down.

a a a a a a a a a a
I 2 3

you
lost

you
won

. 
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When you win because you are the one to rnove the last  s l ider
(Sl ider $) f rorn x to y,  the Miniature Cornputer wi l l  be honest
enough to recogntze tLrat  you are the winner,  and wi l l  te l l  you
so" An indicator wi l l  l ight  up saying: rrCongratulat ions.  'You

winlrr  Anyone who doubts the intel l igence of  your Miniature
Cornputer wi l l  quickly change his rnind after a few atternpts
at this ganle.

PROGRAM 19 -  CAT AND MOUSE

You need no transparent sheet for  th is prograrn.  Just  wire
up the prograrr ]  area as shown in the Wir ing Sche:-ne. This
is a garne for two players;  one player has Sl iders 0 -  3,  the
other player has 6 -  9.  Hence, each player has four.  Br:{ore
the play begins,  Sl iders 0,  3,  7 and 8 are rnoved forward.

WIRING SCHEME I9

Now a l ight wi l l  corne on in the lef t-hand bulb, that is
the rnouse; and frorn the r ight-hand bulb you see the cat
peer ing out.  The piayer on the ief t  is  in 'charge of  tkre
rnouse, and the r lg,ht-hand player has the cat.  The r ight-
hand player rnust t ry to catch the rnouse with the cat as
quickly as he can" This happens when suddenly there is
only one bulb al ight.  This rneans the cat has swal lowed
the rnouse. The cat player wi l l  rnove one of his switches

o t0 L ' t  t2 t3 L1 L5 t6 L. t  L8 L9

R

D

bo

i l t {
hlo

{r  I  t }: t i  t ts
tlt-lt
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as he pleases and the cat wi l l  jurnp into another bulb.
Next i t  is the turn of the rnouse player with the rnove of
the switch; then the cat player,  and so on. This garne
should be played quite fast.  The cat player and th1 

' 'ouseplayer change over every few rninuteJ, and the t ime -for
catching the rnouse should be rneasured. The winner is
the player who catches the rnouse in the shortest  t ime,

.PROGRAM ZO . A TRANSLATIN9 MACHINE

- Use transparent sheet No. ZO.

I f  every language had the sarne gramrr lar  ru les,  i t  would
be an 

-"1:y 
thing to rnake a tranJlat ing cornputer.  Then

it  would be only a rnatter of  rnatchi trgl t r t .  word in one
language to the correspond. ing word. i=n another language.
The problern of  t ranslat ion by rnachine is that  languages
are very changeable in their  grarrur lar .

This prograrn wi l l  i l lustrate this in a translat ion frorn
Engl ish to French.

To show you sorrre of the di f f iculuies, we rnust tel l  you a
l i t t le about the French language. This wi l l  show you the
problems that a cornputer expert  wi l l  face in try ing to
design a t ranslat ing program.

VTIRING SCHEME
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Take the word ' ' thq" in Engl ish.  In French i t  rnay be

translated by ei ther of  two words'  r r lFrr  or  r r larr ,  depen-

ding on whether the word i t  goes with is rnascul ine or

ferninine. r 'Gargon' . r  is  rnascul ine,  so when you want to

say " the boytr ,  You say t ' le.  gargon" ' .  r rFiLle ' r  in French -

gir l  -  is  ferninine and so i f  you want tc sayrr the gir l " ,

you rnust say ' t la f i l le" .  In order to t ranslate proper ly

frorn Engl ish to tr ' rench, the translat ing rnachine rnust

know this dist inct ion.  I t  rnust  be able to choose rr le ' r  or
rr latr  just  as someone learning the language rnust do. You

wi l l  not ice in th is prograrn that our Miniature Cornputer

actual ly does rnake this choice wi thout error.

Here is another problerrr .  Sornet i rnes where we use the

sarrre word {or two di f ferent th ings in Engl ish,  another

Ianguage f f ray use two words. Take, for  exarnple,  the

word rrr ingstr .  In Engl ish,  we would use exact ly the sarne

word for the sentencerrThe gir l  has lnany r ingsrr ,  in

which the wordtr l ingsrt  is  a noun. In French, howevert

the two uses of  r r r ingsrr  are dist in9ui"shed by bein8 two

di f fe.rent. ,vords.  In the f i rst  case wnere "r ings" ref  ers

to act ion,  the French uses the verb rrsonnerrr .  In the

second case where rrr ings" refers to an object ,  sorne-

thing you wear on your f inger,  the French would use the

word I 'baguett .  In order to t ranslate ef f ic ient ly f  rom

Engl ish to Frenchl  /our Miniature Computer rnust be

abt"e to d. ist inguish between the two uses of the word'

"r ing".  In fact ,  i t  actual ly can do this.  l f  you exper i -

rnent with this progran-r and set up the two di f ferent sen-

tences, you u' i I l  see that your cornputer wi l l  choose the

r ight  forrn of  the wordrrr ingsrt  to t ranslate the two uses

of the Engl ish word.

REAL COMPUTER[ W.ORK THIS WAY-TOOI

Although cornputers can rnatch a word in one language to

that o{ another and can even fol low grarnrnat ical  rules,

they can never achieve a real ly natural  t ranslat ion f rorn

one language to another.  For instance, one rnachine

when translat ing a ts ib i ical  text  f rorn Greek into Engl ish

translated "The spir i t  is  strong but the f lesh is weakr l ,

as " The whiskey is wel l -recornrnended but the rneat isnl  t

very goodlr .  This anecdote is not rneant to convince you

that our cornputer l  s t ranslat ions are th is bad. However,

very strange interpretat ions of the foreign la,nguage often

.rrr . tg. ;  these rnight be acceptable for  t ranslat ing a

scieni i f ic te:r t  but hardly for t : :anslat ing a novel or a Poem.

FROGRAM ZI *  THE COMPUTER'DETE-CTIVE

- Use t fansParent sheet No'  ZL'

we can now have our Miniature cornputer-play detect ive'

Fol lowing certain clues which we wi l l  feed into i t '  i t  wi l l

solve 
" 

Ju.""  with the ski1l  of  Sherlock Holrnes'

I

il
I
t

H

i

43



Here is the problern:  Mr.  Smith,  Mr.  Jones and Mr.
Davis are three residentb of a srnal l  town, who l ike to
meet f requent ly in a 1ocal  restaurant.  One of  the three

is the. . rayor of  the town, the other is a druggist ,  and the

third is the doctor. '  The quest ion is:  r rWhat is the pro-

fession of  each of  these three rnen?' l

Before you start  to f igure th is out,  we wi l l  g ive you three
clue s:

t .  Mr.  Sr.ni th and the doctor of ten l ike to te l l  l i t t le stor ies t t
each other.

Z.  Mr.  Jones and the druggist  of ten plaF chess with each ot t r

3.  The doctor and Mr.  Jones f  requent ly l ike to" argue with
each other about var ious quest ions:

To work out th is problern on your Miniature Cornputer,  you

wi l l  have to learn a new circui t  to add to the AND circui t  and

the OR circui t  wi th which you have already been working. Tt

is cal led a NOT circui t .  lnstead of  passing the current throu

when i t  is  turned on, th is c i rcui t  cuts of f  the current when i t
put  on.

In the language of  logic,  a NOT circui t  is  represented l ike th i

, fn our work so far  on our Miniature Computer,  we ha.ve usea]
switches of  rows A, C, E, G and I .  To forrn NOT circui ts,  i
use , the bottorn sets of  switches B, D, F,  H and K. For exa{
you can connect Bulb Z to Q across D2 and when Sl ider Z i .s
the OFF posi t ion,  the bulb goes out. .  Thusr 1rou can see that

the NOT circui t  works exact ly in the opposi te way to the c i r
we have worked with up to now.

Mr.  Smith

Mr.  Jones

Mr.

W-e wi l l  now see how we can use the NOT circui t  in our pro

with gent lernen Srni th,  Jones and Davis.  First ,  fo l low the

ing Scherne Zla.  There is nothing rernarkable in th is sche

Moyor

Doctor

Druggist

except f rorn the point  of  v iew of  logic.  When you,press the
der for  any one of  the three rnen (Mr.  Srni th,  Mr.  Jones or
Davis) ,  a l l  three professions wi l l  l ight  up at  once. This is

happens when we try to solve th is problern using only OR ci

cui ts

Now, let  us t ry " to introduce NOT circui ts to th is prograrrr ;
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WIRING SCHEME 2ta

using thern,  we can gradual ly exclude var ious possibi l i t ies one

by oie.  To do this,  we have three facts at  our disposal .  First

oi  a l l ,  we know that Mr.  Srni th and the doctor l ike to te l l  each

other stor iepi  f rorn th is we know that the doctorr  s naff Ie cannot

be Mr.  srni th.  we introduce this fact  as a NOT circui t .  Thus,

we connect the wire that  leads frorn the switchfor Mr.  srni th to

the indicator for  the profession of  doctor through a NOT circui t ,

at  H. Now when we push the sl ider for  Mr.  srni th,  the indicator

for the profession of  doctor wi l l  not  l ight  up.  
_This 

is already a

start ,  s ince we have ruled out one profession for one rr lan.

Let us consider the second staternent.  We are to ld that  the drug-

gist  l ikes to play chess with Mr.  Jones. obviously the druggist

Eannot be cal led Mr.  Jones. Consequent ly,  we can separate Mr.

Jones frorn the profession of  druggist  through a NOT circui t

that we can apply at 4K. Now when we advancg the sl ider

for Mr.  Jones, Lhe indicator for  druggist  wi l l  not  l ight  up.

We have ruled out another possibi l i ty .

Mr.  Smith

Mr.  Jones

Moyor

Doctor

Druggist
Mr.  Dovis
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Now let  us go to our th i rd c lue.  We are to ld that  Mr.
to have arguments wi th the doctor f  rorn t i .me to t i rne,
know that Mr.  Jones bannot be the doctor and we can
NOT circui t  between the sl ider for  Mr.  Jones and the
for the profession of  doctor.  We do this at  4H.

J one s l ike s

Thus, we

inse r t  a

indicator

q b lo b q b

I  I  t? 9 r  ? e

r  :  t t  3t8 t ]
it:_

' ' l  9 l? I  r -  r l

t / - l t  t  tA
? t l?
I  A t0
d d t6

9 9 Ie
4 0 td
J I  IE

ffi
I I l l t  I t t ;  3,
6 al t6 6l _i6 J,

M .  Joner Mr.  Da/ is

WIRING SCHEME 2I b

Our prograrr t  up to now shows us two interesLing t i r ings:  f i rst
that  cne can connect NoT circui ts in a row;ust l ike ANo circui ts.
The proof of  th is is in the connect ion between the NCT circui ts
at  zH and at  4H. The secohd. th ing that th is prograrn shows us,
wi l l  be discovered by putt ing s l ider 4 into i ts fo;ward posi t ion.
we learn the answer to the f i rst  part  of  our problern.  Mr.  Jones
is the nrayor.  Now that we have found out that  Mr.  Jones is the
rnayor,  we do not have to take this profession into consid.erat ion
for Mr.  Davis and Mr.  snoi th" Therefore,  we can use z Nor
circui ts to separate the profession of  rnayor f rorr i  the s l iders of
Mr.  Jones and Mr.  Davis.

Mr.  Smith

Mr.  Jones

Mr. Davis

E
t\
V

E* 
MoYor

-) Doctor

-----& Druggist
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We can apply these at  KZ and K6 in an AND circui t .  Now with

this addi t ion,  let  us see i f  we can get a new resul t .  By rnoving

sl ider z forward, we discover that  Mr.  srni th is the-druggist .

As a resul t ,  i t  is  c lear that  Mr.  Davis is the doctor.  Let  us

f in ish our prograrn by passing the connect ion between Mr.  Davis

and the profession of  druggist ,  through a NOT circui t .  I f  you

look careful ly at  the diagralr l ,  you wi l i  f ind i t .  Now our Progralr l

is perfect ly set up and i t  looks l ike Wir ing Scherne ZIc.

I f  we want to be rr lore sophist icated, we can represent i t  l ike th is:

Mr.  Smith

Mr.  Jones

Mr. Dovis

Moyor

Doctor

Druggist

WIRING SCHEME 2lc
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PROGRAM 22 - TELEP.HONE SWITCHBOARD

Use transparent sheet No. ZZ.

In th is program we wi l l  t ry to i rn i tate,  in a very s i rnpl i f ied
fashion, how telephone company cornputers rouie tong ais -
tance cal ls between ci t ies.  w'e have used. the c i t ies in our
prograrrr  just  as exarnples.  In reaL l i fe,  the connect ions
rnay work sornewhat di f ferent ly,  however,  the pr inciple of
switching wi l l  s t i l l  be basical iy the sarne. I t  is  obvious that
when there is a cal l  f rom one ci ty to another,  i t  should be
connected on the shortest  l ine between the two ci t ies;  but
sornet i rnes the path between two ci t ies is over loaded. In
this case, the phone connect ion rnust be switched. to take a
detour through other c i t ies which are not over loaded at  th is
t ime. In the ear ly days of  te lephone, th is was done by hand.
at  a switchboard.  Now of course, i t  is  h ighly autornated and
control led by computers.  The cal ls are autornat ical ly swit-
ched to avoid any areas that are over load.ed, even i f  th is
requires long detours.

Chicogo
Boston

New York

Son Fronsisco

Los Angeles
Atlonto

Houston

Let us look at  our map. In th is problem, we wi l l  at ternpt to
route a cal l  f rorn Chicago to Houston. The shortest  way of
doing this would seern to be to route the cal l  th16sgfu At lanta.
But what i f  At lanta is overroaded? In that  case, we courd.
reroute the cal l  through Boston and New york.  I f  Boston
is over loaded, the calr  courd st i l r  be rnade between chicago
and Los Angeles.  A[  th is ef f ic ient  d.etour ing has arreadl i
been worked out by the phone company and is fo l lowed auto-
rnat ical ly by their  rar-ge cornputers. This autornat ic ;y";r , '
is  set  up so that i t  wir l  a lways f ind the shortest  and. s imprest
connect ion between two ci t ies

You can easiLy wire such a prograrr ]  on your Miniature Corn_
puter.  Each of  your s l iders represents one of  the long dis-
tance ci t ies.  whi te test ing the di f ferent possible detours,
you show that a ci ty is overroaded by sett ' ing the appropriate
sl ider into i ts forward. (y)  posi t ion.  our c i rcui t  then i rnrnedi-
ately points out the next connect ion.  we wi l t  work out such a
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a prograrr l  step by step, start ing wi th Progtatn ZZa. This is

the f i rst  stage. Every s l ider is connected by a NoT circui t

to a bulb.  This is done so that when the switch is set  forward,

the bulb represent ing the c i ty wi l l  $o out,  showing that i t  is

not overloaded. At the sarne t i rne, now that the sl ider has

been pushed forward, the current goes {urther along at  the

bottorn.  The condi t ions of  our f i rst  prograrr l  are:  e i ther

that chicago or Houston are overloaded, which rneans that

there can be no connect ion between them; or that al l  the ways

of gett ing through frorn chicago to Houston are blocked. when

this happlt ts,  wi are warned that the Line is overloaded when

the indicator t rBusyrr  f lashes on. To do this,  we need a

ser ies of  t rORrr c i rcui ts s i rn i lar  to ih is

'  
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Ai lonto

New York

Seott le

Sqn Fronsisco

Minneopol is

Los Angeles

Busy

l.

Houslon
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This s i rnple prograrn shows us that the path is blocked.,  but
i t  does not reroute the cal l  a long the two al ternat ive routes
previously rnent ioned.

WIRING SCHEME 22b

Our new Prograrn ZZb shows us rrrore.  When the l ine between
Chicago and Houston is blocked, only At lanta l ights up as the
sirnplest  connect ion between the other two ci . t ies.  I f  At lanta
is over loaded ( that  is,  i {  Sl ider I  is  in the forward posi t ion) ,
the second path is i rnrnediately switched on. This is the route
via New York and Boston. I f  Boston also happens to be busy,
then the detour v ia New York,  Los Angeles and Minneapol is
wi l l  autornat ical ly l ight  up,  and so on. We do this by l ight ing
up a chain of  stat ions which are set  of f  by a preceeding chain
of stat ions.

With Prograrn ZZc, we have an even rrrore advanced telephone
exchange cornputer.  I t  acts on the chains o{ connect ions in

such a way, that  i f  any one nrerrrber of  the chain is over loaded,
the l ights for  the whole chain go out.  Thus, every rnember of
the chain rnust be open for the chain to work at  a l l ;  i f  any one
of Seatt le,  San Francisco or Minneapol is is over loaded, the
whole chain wi l l  i rnrnediately go out.  We have also set  up the
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wiring so that the bulbs can only l ight  up when the stat ionfor

At lanfa is over loaded. Actual ly,  real  cornputers which con-

trol  the rout ing of  long distance cal ls wi l l  f i rst  test  the stat ions

along the si rnplest  route,  and then test  the stat ions of  succeed-

ingly rrrore di f f icul t  routes unt i l  they have found the si rnplest ,

f ree route.

WIRiNG SCHEME ZZC

Our Miniature Cornputer can now do the sarne type of  th ings'

First ,  a l l  the s l id.ei"  . t - r , t " t  be turned to the backward posi t ion'

In th is posi . t ion,  the connect ion between Chicago and Houston

is co.rnlcted by that of  At la^ta.  I f  At tanta is busy, t1 'Lat  is

we switch s l ider I  to i ts forward posi t ion,  the next path auto-

rnat ical ly l ights up. l f  a stat ion there is over loaded, w1-r ich

we show by 
"putt ing 

one of  the s i iders in i ts forward posi t ion,

our Miniat" ie C"t i - tputer wi l l  i rnrnediateiy show the next path.

Or i f  i t  turns out th l t  there is no possible connect ion at  t1-r is

t i rne,  i t  wi l l  in the end show that the l ine is cornpletely over-

Ioaded.
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CYBERNETICS

cybernet ics is the study of  regulat ion as contrasted with
direct ion.  Let us give two exarnples.  An exarnple of  d i rec-
t ion is to turn on a switch connected to an outside l ight  bulb
that cannot be seen. You f l ip the switch to the ON po*si t ion.
You cannot actual ly te l l  whether or not the l ight  is  actual ly
on. The bulb might have burned out or the wir ing rnight be
faulty.  You have no way of knowingr and the switch d-oes not
have any bui l t - in systern to make sure that i ts purpose is
being carr ied out correct ly.  Regulat ion is di f ferent.  I t  in-
volves sornething that is not present in our exarnple of  turnirg
on the l ight  switch.  This is cal led.  feedback. A switctr  wi th
feedback is not l ike the l ight  switch of  the last  exarnpre which
does nothing rnore than turn on a c i rcui t . .  Af ter  vou switch
on a c i rcui t  wi th feedback, something new happens. A circui t
wi th feedback is able to deterrnine whether or not the process
i t  starts is actual ly happening.

However,  a feedback circui t  is  rnore than this.  r t  invol .ves
adjustrnent.  Let  us take the exarnple of  a rocket being shot
to the rr toon. The rocket is shot into space. I t  may or rnay
not be on the r ight  course. wi th i ts instrurnents i t  takes a
bear ing on t l ' re r 'oon. I t  cornpares i ts actual  course to the
required one. I {  i t  is  not  on course, i t  rnakes an adiustrnent
of  the required amount to correct  the error.  Then, i t  checks
again to see i f  there is st i l l  any di f ference between the
course i t  is  actual ly taking and the one i t  is  supposed to
take. I f  there is st i l l  sorr le error,  i t  makes another cor-
rect ion,  and so on. This type of  c i rcui t  is  known as a con-
trol  loop. I t  is  a process of  constant feedback and. constant
adjustrnent throughout a systern in order to keep i t  wi th in
the de s i red l i rn i ts.

In these prograrns wi th our Miniature Cornputer,  we wi l l
be working with control  loops and we wi l l  be learnine the
rnany areas in which they are used in real  l i fe.

Everyone is constant ly coming across these control  loops
without being aware of thern. The rnost cornrr lon control
loops are for  ternperature.  Think of  a central  heat ing uni t
for  a house. This sel f  - regulat ing cycle is rnade up of  two
essent ia l  uni ts:  a furnace to provide the heat,  and a therrno-
stat  to provide the control .  The therrnostat  is  set  at  the
desired ternperature and i t  is  constructed to al low a certain
nurnber of  degrees of  ternperature above or below the tern-
perature set  on i ts dial .  As soon as the ternperature of  the
rooffr  r ises above this level ,  i t  connects a c i rcui t  in the
therrnostat that turns off  the furnace. This is an exarnple
of feedback. Now that the furnace is turned off  ,  the roorn
begins to cool .  As th is happens, the therrnorneter in the
therrnostat  fa l ls  unt i l  i t  reaches the lower l i rn i t  set  in the
therrnostat.  At this poi.nt ,  another switch in the therrnostat
is c losed and i t  now autornat ical ly turns on the furnace. .Now
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the roorn wi l l  heat up unt i l  the high point is reached again.

With th is sel f  - regulat ing cycle which controls the furnace by

using feedback in the forrn of  ternperature readings, the

roorn can be kept at  a stable ternperature that  does not vary

too rnuch above or below the one you set on the therrnostat

dial .  This is not only a control  loop, but also a sel f - regu-

lat ing cycle s ince the apparatus of  the whole furnace and

the therrnostat  a lone can control  the whole process.

In our programs, we wi l l  s tar t  wi th control  loops that

deal  wi th ternperature.  Later on, we wi l l  learn about

control  loops in other areas. You rnay be arnazed at all

the areas of  i i fe that  involve these loops.

PROGRAM Z3 -  A \ATARM BATH

Use transparent sheet No. 23.

Here is a prograrn for  control l ing the ternperature in a boi ler ,

so that i t  can provide hot water for a bath at any t i rne of the

day. A therrnostat  shows the acceptable ternperature of

the water,  just  as in the exarnple of  the heated house. The

boi ler  heats up the water to the highest acceptable ternpera-

ture.  The heat turns of f .  As soon as the heat turns of f ,

the water begins to coo1. When the therrnostat  senses that

the water has cooled to i ts lowest acceptable 1eve1, i t  i rnmed-

iately turns on the heat once rnore unt i l  i t  reaches the r ight

ternperature again.  This goes on cont inuously so that the

water is always kept at  a fa i r ly  even ternperature.  When

water is taken frorn the boi ler  for  a bath,  cold water auto-

rnat ical ly f lows into the boi ler and i t  is autornat ical ly heated

unt i l  the high point  of  the therrnostat  is  reached again.  Frorn

then on, i t  too is kept at  a fa i r ly  constant ternperature.  We

have worked out a diagrarn showing how the boi ler is kept

at  an even ternperature.  This is a schernat ic representat ion

of th is control  IooP.

too cold I
HEAT

heof ing

ON or OFF

is woter

hot enough2

woter becomes

When woter is hot

enough -  shut of f .

When too cold - turn

on heot or leove i t  on.

woter



With Wir ing Scherne 23a,
rnoving Sl ider 0 forward.
ture,  turn your switch on
rr  Too cold ' r  ) .

you begin to regulate the heat by
Depending on the water ternpera-

Sl ider Z or 4 ( t 'Hot enough" 
-or

Except for  th is,  fou regulate the heat accord. ing to the indi-
cat ions given on the output sect ion of  the cornputer.  Note

that s l ider 0 is on or of f ,  depending on whether i t  is  in the
x or y posi t ion Up to now we have 1ooked at  only the_heat ing
procedure of  the boi ler .  Now let  us add another cornpl icat ion
by assuming that the water in the boi ler  coors of f  for  sorne
reason'  whether because the bathroorn is very cold or because
the hot water has been used and repraced uy ct ta water.  The
regulat ion cycle now becomes a bi i  rnore cornpl icated because
there is an addi t ional  factor added -  the cool ing of f  of  the
water in the boi ler .

Keeping

woter hot

Heot ing

ON or Off
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by cool ing of f

ls woter hot

enough f
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_l li Ii rr Ir
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l l l t  r l [ [  I
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t l  i I ] r  t i  t l

L
r
L
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l t  f l l t  i l t  ! i

WIRING SCHEME 23a

When wqter is hot
enough - shut off.

When foo cold,  turn
on heot ogoin

J+



i ler  i is  i t

ll
? i

^l
I i
J i

I
6

I
r
l6

I
r
II

II
f i '
1?
t

1t

ob

? ' -  1
?9i
' "1

I t r
i9 . i

?9:
o6i

d6l
16 6l
'c - i l l

{ !  { l

l r  r lq9
:q 6l

l? l
i t t

WIRING SCHEME 23b

This srnal l ,  but  very i rnportant addi t ion can be easi ly shown
on your Miniature Cornputer,  as in Wir ing Scherne 23b. Al-
though in Wir ing Scherne 23a, we have looked only at  an
exarnple of  cool ing down by rernoving hot water,  the control
procedure works exact ly the sarne way in every type of
cool ing of f .  whenever the cool ing has been corrrpensated for
by renewed heat ingr you rnust not forget to set  Sl ider 6
back to x.  Now i f  you connect a therrnorneter to your Minia-
ture Cornputer and have i t  control led by a heat switch,  you
could always keep your bath water at  the r ight  ternperature
with the help of  the control  prograrn.

PROGRAM 24 -  FOR A HAPPY FISH

-Use transparent sheet No. 24.

Our next prograrn concerns a ternperature-control  system

for a f ish tank.  Fish are extrernely del icate creatures

and require a constant ternperature of  about 77oF..  I f

the water cools of f  ,  i t  rnust  be careful ly reheated. I f  i t

becornes too warrn -  perhaps because the sun is shining

on the tank -  cool ing water rnust be added. In pract ice,
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th is is control led by a ternperature-sensi t ive devi .ce

which reacts as soon as the ternperature changes rnore

than one degree, ei ther above or below 77o}. .  
-  

The heat ing

or cool ing water is autornat ical ly set into rnot ion, artd the

control  loop looks l ike th is:
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heot or cold from
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This interest ing control  loop can be prograrnrned on

the Miniature Cornputer.  We have noted the points where

we have to th ink of  the var ioos s l iders and bulbs.  The

ternperature therrnostat  ( the device which is sensi t ive to

ternperature) is in th is case si tuated on Sl iders 0 and

Z; i t  rnust  react to water that  is  e i ther too hot or too

cold.  -The cool ing or heat in$ water has to be switched

on accordingly unt i l  a ternperature of  77oF. has been

reached once more. In Wir ing Scherne 24, you wi l l  no-

t ice in the lef t  hand corner a srnal l  pro$rarn area which

does not in i tsel f  have anythin8 to do with the ternpera- I

ture control .  I t  shows when the indidators for  r rToo hotrr

ort tToo coldrr  are l ight ing uP at  the sarne t i rne (which

cannot actual ly be the case),  or  when the cool in$ or heat-

in9 water is turned on without the therrnostat .  This

srnal l  technical  safety device is part  of  rnany pi lot  sys-

terns and is usual ly connected with a.  warnin$ l ight  or  bel l ,

so that  the supervisor can take prevent ive rneasures be-

fore anything disastrous happens.

PROGRAM 25 .  BODY HEAT

Make your own transparent sheet for  th is

prograrn.

The fol lowing prograrns are rnainly concerned with c i r -

cular structures,  such as the inner construct ion of  ma-

chines, anirnals,  econornic systerns,  or  push button

{actor ies.  For th is purpose'  our Miniature Cornputer

l ikes to bui ld rnodels.  For exarnple,  i t  invents art i f ic ia l

animals which are real ly srnal l  rnachines but which sorne-

t i rnes act  l ike l iv ing creatures by i rn i tat in$ the behavior

of  ani  rnals.

Wir in$ Scherne 24 shows us how the water ternperature

in a f ish tank can be kept at  exact ly 77oF. This is eicact ly

the sarne problern that  exists in the hu:nan body. The

hurnan body rnust constant ly work to keep i ts ternperature

at 98.6oF. This is done in a way qui te s i rn i lar  to the one

we used in our f ish tank.  I f  i t  becornes too cold,  the

body stays at  the proper ternperature by burnin$ up rnore

nour ishrnent.  When there is too rnuch heat,  the body

produces perspirat ion which evaporates and thus lowers

the body ternperature.  A11 we have to do now, is to put

on a new transparent sheet and use Wir in$ Scherne 24

which does not chan9e at  a l l .

PROGRAM 26 - THE HUMAN EYE

- Make your own transparent sheet for this

prograrI I .

'We 
could also use the sarne

Z4l as a qontrol  sYstern for
wir ing shcerne (Wir ing Scheme

a carnera.  Let us assurne

t
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that  the exposure t i rne (perhaps t /SO of a second) is unchan-
geable. Now you adjust the opening according to the arnount
of  incorning l ight .  The l ight  intensi ty is set  on Sl iders 0 to
3 and the aperture is regulated on Sl iders 6 to 9.  The wor-
ding for the t ransparent str ip is rrChoose larger aperturetr
or r lChoose smal ler  aperturerr .

A camera with an aperture which is adjusted according to
the strength of the l ight,  is s irni lar to the human eye. When
the incorning l ight becornes stronger,  the i r is in the hurnan
eye reacts by contract ing and the pupi l  becornes srnal ler .

This can be i rn i tated with Wir ing Scherne 24. In th is case,
the l ight  intensi ty is set  on the lef t  s ide.  The diarneter of
the pupi l  is  set  on the r ight  s ide.  The l ight  syrnbols once
rnore tel l  us whether the pupi l  has to contract rnore, whether
i t  can open further,  or  whether i t  has the correct  d iarneter.
The control  rnechanisrn constant ly checks whether or not
the diarneter of the pupi l  is appropriate to the intensity of
the l ight ,  and i t  adjusts the pupi l  accordingly.  This sorne-
t i rnes takes hal f  a second. When a person suddenly enters
a wel l -1i t  roorn frorr i  a dark roorn, the control  rnechanisrn
does not act instant ly.  The pupi l  takes a rnornent to contract
and this often results in a rnornent l  s bl indness.

PROGRAM 27 -  HEATING A HOUSE

Use transparent sheet No. 27.

We can now apply our ternperature-control  system to a
house with three roorns.  In Wir ing Scherne 27, we have
roorns I ,  Z and3. On Sl iders 0 to 8,  we feed in the pre-

sent ternperature of  these roorns (beIow or above 6BoF. ) .
The ideal  ternperature of  these roorns is 6BoF. Our
Miniature Cornputer te l ls  us instant ly which roorns we havc

to heat and which we have to coo1. I f  the ternperatute rea-

ches the required Ievel ,  the bulbs indicat ing heat ing or

cool ing aie switched of f .

As soon as al l  the three roorns have been brousht to the
required ternperature of  68oF. ,  the t rTernper"Io"u equal-

izedrr  indicator l ights up. Our problern,  however,  be-

corrres real ly cornpl icated when we adjust  Sl ider 9.

In rnodern heat ing rnethods, there is an ideal way to save

energy: the heat exchanger.  With th is technigue, heat is

diverted frorn overheated roorns to cold roorr ls.  This is

what happens when we br ing Sl ider 9 into play.  Then Lights

7 to 9 show us which rooms need heat exchange. This pro-

grarrr  has several  control  loops that are c losely connected

to each other.

First ,  we have the three control  loops {or roorns I t  Z

and 3.
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WIRING SCHEME Z7

If  we use the heat exchange process'  there are three rnore

control  pat terns,  for  now each control  loop can inf luence

the other two. The cornplete control  systern looks l ike

this:  \

o
o
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PROGRAM ZB . HOW A DOG LEARNS

- Use transparent sheet No. 28.

We want to show you sornething about the process of  learn-

i rg.  To do this,  we wi l l  t ra in a dog.

In 1898, Pavlov,  a Russian physiologist ,  observed that

f  or  a dog the sight and srnel l  of  food started the product ion

of digest ive stornach ju ices and sal iva.  Sorne dogs start

sal ivat ing even i f  they just  hear the sound of  the paper in

which the rneat is wrapped. Pavlov rang a bel l  every

t i rne he was about to feed the dog. At f i rst '  the dog was

not too interested; but a{ter a whi le,  he found that the dog

produced ju ices and sal iva whenever the bel l  was sounded,

even when there was no sight or srnel l  of  rneat.

This is cal led a condi t ioned ref lex.  I t  is  a very s i rnple

learning process, This process can be shown as a logical

switch systern.  The switch systern has to produce an i rn-

pulse SI whenever i t  receives another i rnpulse M, which

is equivalent to the piece of rneat being shown to the dog.

I t  must not be disturbed when another impulse B, a bel l  ,

arr ives.  I t  rnust  learn that  th is second i rnpulse is sorne-

how connected with i rnPulse M.

Next,  i t  rnust  learn to produce the i rnpulse St (which is the

equivalent of  the sal ivat ion)whenever i rnpulse B ( the bel l )

is  received.,  This logical  switch systern would look l ike th is:

M+

B+

R is a s l ide register.  A s l ide register is a type of  storage

or rnernory area in which the ent i re supply of  e lectr ic i rnpul-

ses is rnoved one cornpartrnent ahead as another impulse is

added at  the rear.  In th is w?y, the i rnpulses are pushed

through the register by pressure f rorn the back.

Ery..it:gept_234

The impulse M (rneat)  arr ives.  I t  d iv ides i tsel f  at  the entrance

of the switch systern.  Part  of  i t  goes to A but is unable to

accornpl ish anything there,  as the second i rnpulse of  th is

AND circui t  is  rn is s ing.

The other ha]f  of  the i rnpulse M goes to the oR circui t  at  c

which produces the i r r rpulse S1, the sal ivat ing ef fect  of  the

dog. cur art i f ic iatr  dog thus produces the digest ive ju ices as

soon as frre srnel ls the rneat.
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Add i rnpulse B ( the bel l )  to i rnpulse M (meat) .  In other words,

hold the rneat in f ront  of  the dogr s nose and r ing the bel l  at

the sarne t i rne.  Part  of  i rnpulse M passes direct ly through

C. The dog reacts and the digest ive ju ices f low.

The second part  of  i rnpulse M goes to point  A,  and AND cir-

cui t ,  where i t  jo ins a part  of  i rnpulse B and both rnove past

point  A together.  They now forrn a cornf f ron i rnpulse which

forces i ts way into the s l ide register.  Whenever there are

two irnpulses reaching a point at  the sarne t i rne, l ike rneat

and bel l ,  they produce one ef fect .

Nothing else happens at  th is t i rne.  Actual ly,  Lhe dog has al-

ready learned sornething; he just  does not know i t  yet .

What has happened is now repeated several  t i rnes.  M (rneat)

and B (bel l )  a lways arr ive at  the same t i rne and pass point

A. S1ow1y the sl ide register is f i l led and slowly the condi t -

ioned ref lex is stabi l ized. Final ly,  the s l ide register becornes

cornpletely fu l1.  Now the learning process is f in ished.

You can cont inue to start  both i rnpulses M and B sirnul taneously.

Nothing new happens. The sl ide register has found i rnpulses
pushed in at  the back and lets go of  others at  the f ront.  They

rneet at point D with part  of  the i rnpulses of B; and pass to-

gether through D to the OR circui t  at  C; and do nothing there

that could not be done by M alone, which is to get the dog to

sal ivate (Sl) .

What happens, however,  when i rnpulse M is orni t ted and

only B is started -  when you keep the rneat away and only

r ing the bel l? I t  is  very s i rnPle.

I rnpulse B div ides i tsel f  -  one pulse runs to the AND cir-

cui t  at  A,  but does not have any ef fect  there when i ts part-

ner f rorn M is rnissing. The other part  of  the i rnpulse goes

direct ly to the AND circui t  at  D. At D there is already an

irnpulse corning frorn the s l ide register.  Both pass toge-

ther and go direct ly to the OR circui t  at  C and a{fect the

irnpulse S 1.  The bel l  a lone has been enough to get the sto-

rnach ju ices started.

'W'e can reproduce al l  this on our Miniature Cornputer,  on
' \ { i r ing Scherne 22. Here we have prograrnrned Pavlovr s

dog exact ly according to the switch plan we have out l ined

above. Unfortunately,  unl ike Pavlov, we do not have a

sl ide register.  You wi l l  have to take over th is funct ion

yoursel f  using Sl iders 3 to 6.

T,et  us see how our good dog reacts as we sl ide Sl ider 0

(rneat)  f rorn x to y and push button (T) is pressed. i ' ight  9

l ights up. This is a c lear case: the dog gets his food and

the digest ive juices f l 'ow. I f  you now also let  a bel l  r ing

and set Sl ider 9 at the same t i rne as Sl ider 0, then whgn

you press push button {  T) ,  not  only does the react ion for

the stornach ju ices l ight  up but so does Light 0.
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First  set  Sl ider 3,  s ince i t  is  the f i rst  i rnpulse which sets

i tsel{  into the dogr s mind. Our electronic dog needs 4 of

these learning processes before he wi l l  have learned i t .

After the fourth t i rne, al l  you have to do is r ing the belI  and

set Sl ider p,  Sl ider 0 rnay remain on x s ince the stornach
juices now run without i t .  Our dog has learned sornething.

To say i t  is  a di f ferent waf:  our Miniature Cornputer has

learned sornething. knpres s ive,  isnr t  i t?

WIRING SCHEME 28

MATHEMA TICAL CALC ULATIONS

PROGRAM 29 -  THE CALCULATOR

-Use transparent sheet No. 29.

I t  is not too di f f icul t  to convert  your Miniature Cornputer

into a s i rnple desk calculator.  You have already been work-

ing the basic calculat ing device we wi l l  use: the AND cir-

cui t .  
'With 

the AND circui t  we not only can add, but with a

srnal l  adjustrnent,  we can also mult iply.
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WIRING SCHEME Z9a

Not ice that in th is prograrrr ,  the wir ing for  mult ip l icat ion
is exact ly the sarne as that for  addi t io i  -  a.  AND circui t .
The cornputer has t t rnernor izedrt  sorne addi t ion and rnul t ip-
l icat ion tables and f inds the surn or product of  two f igures
just  as you would in looking thern up in a table.

Also not ice that  several  oR circui ts rnust be used. when-
ever we have several  operat ions leading to the sarne answer
( i .e.  2x3.3 +3 =6) ,  werrrustconnectthe d. i f ferentpaths
with OR circui ts.  Our l i t t le calculat ing prograrn has a few
inconveniences. r f  you push sl iders I  in-d z-or 3 and 4 at
the sarne t i rne,  you see several  resul ts appear ing. This
would be confusing to anyone who did not know the answer
before he started. rn the design of  large computers,  these
errors are very i rnportant.  In electronic booRkeeping, for
exarnple,  they could upset weeks of  calculat ions.  ro i  t t r is
reason, we rr lust  use NOT circui ts to make sure that the
cornputer does not fo l low these false paths.

we wi l l  now use a new cireui t  which wi l l  a l low us to great ly
i rnprove the accuracy of  our carculat ing prograrrrs by"rul in!
out rnany false paths in our wir ing.  we caII  th is the SINGL;E-
PATH circui t  and i t  is  basical ly rnade up of  two AND circui ts
connected by two NOT circui ts.

to

Tb c

D

L

F

H

I

K

63



In i ts logical  forrn i t  looks l ike th is:

On the Prograrnming

this:

Board of  your cornputer i t  looks l ike

+

Es sent ia l ly  i t  works as fc l lows: i f  an electr ical  i rnpulse

( in th is Logical  d iagrarn) proceeds through rn and not through

n, then i t ; i l l  proceed through to q.  Sirni lar ly i f  an i rnpulse

goes through n and not through rn,  i t  wi l l  go through to r , '

Fo*".ru",  I f  i rnpulses enter rn and n at the same i i rne, the

two NOT circui ts are act ive at the sarne t i rne and they cut

of f  both c i rcui ts.  Thus the switches cancel  each other out.

What resul ts is a c i rcui t  on your Miniature Cornputer that

works when ei ther o{ the two switches is on; but when two

of the switches are on at  the sarne t i rne,  the c i rcui ts cut  out

cornpletely.  I f  you look at  Wir ing Scherne ??b,--you 
can under-

stani  how this prograrn uses the SINGLE-PATH circui ts for

adding and mult iply ing to create an improved calculat ing

rnachine.
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This is how we would show i t  in a logical  scherne:

Figure

Figure 3

Figure 3

Poth of .oddi t ion

Pqth of mult ipl icotion

You can see how this i rnproved
answers that  could occur in the

PROGRAM 30 -  ApprTIgN BY SELECTTON

-Use transparent sheet No. 30.

The l i t t le calculat ing machine that we have just worked out
is in rr lany ways simi lar to some of our earl ier prograrrrs

such as the IComputer-Doctorrr .  I t  works basical ly ac-
cording to the pr inciple of  select ion.  Essent ia l ly  we
arr ive at the answers to our calculat ion in the sarne way
as sorneone does by looking thern up in an addit ion or rnul-

t ip l icat ion table. In fact,  what we have created is an elec-
tric addition and multiplication tab1e.

II

>5

circui t  gets r id of  the fa lse
earLier scherne.

t
of

fl



Fol lowing this rnethod, we can construct  a calculat ing appa-
ratus which al lows us to add rnore than Z and 3.  The pro-

grarn,  as the Logical  Scherne shows, has nothing but AND

circui ts which are connected by OR circui ts.  This prograrn

al lows us to add up to 5 and 5.  You add a f igure on the lef t

to a f igure on the r ight ,  and the resul t  appears in the Out-

put Sect ion.  Since our calculator f inds the answers by

going through a table instant ly '  we do not real ly have to

rewire i t  to change our adding rnachine into a rnult ip ly ing

rnachine. To rnult ip ly,  we only have to change the indicator

chart  for  the answers,  and i t  rv i l l  work just  as wel l .  In

this way, i t  wi l l  be easy to adjust  ih is to perforrn other

operat ions.  We could create an indicator for  the square

or cube roots of  nurnbers.  We could even create new tables

of rr iu l t ip l icat ion, which rnight not have any use for us but

would always give consistent answers.

WIRING SCHEME 30

PROGBAM 31 - COUNTTNG

- Use transparent sheet No. 3i .

Many rnathernat ic ians would say that our usual

calculat ing is sirnply a more cornpl icated form

We can teach our Miniature Cornputer to count

method of
of  count ing.
too. This
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prograrn shows you how to do this. I t  works l ike th is:  you
can move any nurnber of  Sl iders Nos. I  _ 5 to y.  I t ;a i ; ;
a.bsolutely no di f ference whether the three sl iders are the
lrst  three, the 1a_st three,.  or  the f i rst ,  second and f i f th.
The computer wi t_sirnpry tet  you the numb"r oi  s l iders yol l
have rnoved. The Wir ing Scherne, as you can see, is basic-
1l1y 

s i rnple.  I t  consists only of  AND 
"rra 

On circui ts.

L: l^ t j :  ^Y:" .  
any number of  ! t : .a"rs,  but  . "nr . r r - rU"r  only

Drroers one to t ive are prograrnmed.

Use transparent sheet No. 32.

A mathernat ical  operat ion which is f requent ly used in high
schools and col leges is t i re operat ion o-f  squar ing.  To s[uare
a nurrrber is to mult ip iy i t  by i tsel f .  This operat lon is indi-
c.ated. by placing a l i t t re nurnber z above u.nd" to the r ight  of
the given nurnber.

)'1 husi  5 '=\  x 5 = 25

Tl-r is operat ion is useful  in geornetry in comput ing the area
of a square s i rape. I t  is  a l  so useful  in relat^ ing t f ,e lengths
of the s ides of  a r ight-angled tr iangle -  accordl ing to th l
Plryt l ragoi-as Theorern:  

^Z 
* bZ= cZ

a a a /( 
()/ a a a a a a

0 I 2 3 l+ 5 6 7 I I
o to L1 L2 L3 L1^ 

-15 
L6 L7 L8 L9

l *
*T=l , r .Hl l "bobobob

;ii ili iiiiijLj|q|lli iilT-r rn
r i  i l i  i i  i i  )  Hl l l l i  i i  i i  i :  i  i l:iili ii/fifril|i i. i ii ii I
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For exarnple:  32 + +z= 52

In physics too,  the operat ion of  squar ing is very popular -
as for  exarnple in the fo l lowing forrnula based on Newton t  s
laws of  rnot ion.  This forrnula relates the f inal  veloci ty (  v)
of  a body under accelerat ion to. i ts in i t ia l  veloci ty (  u) ,  the
accelerat ion (  a)  and the distance the distance travel led in
the interval  (  s) . .

vz- wZ = Zas

Thus, i f  an autornobi le is t ravel l ing at  4,  f .eet /second. and
accelerates to i0 feet /second in a distance of  ZI  feet . .  .  .  .
what is i ts accelerat ion?

u ='  in i t ia l  veloci ty -  + f .eet /  second.,

v = f inal  veloci ty = I0 f .eet /  second.

s = distance = ZL feet

vZ- uZ= Z as

ll.
ii
i

fi

I

l

fl

fl
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Loz- +z -  z(e) (21)
Using the Miniature Cornputer

100-16-(4Zla

84 = 4Za

prograrr  for  squares we get:

a = Z f t /secz

or the accelerat ion is 2 feet  per second per second.

You can probably th ink of  other uses for squares -  but  to

sirnpl i fy the cornputat ion,  we have progranrrned your Mini-

ature Cornputer to give you the squares of  a l l  whole nurn-

bers f rorn one to ten.

WIRING SCHEME 3Z



OOOO:O

OOOL:1

OO.LO :2

OOLL :$

OLOO :4

OLOL = 5

OLLO : $

OLLL --7

LOOO : B

PROGRAM 33 .  THE BINARY SYSTEM

Use transparent sheet No. 33.

'We have already rnent ioned the Binary Systern and told you

sornething about i t .  In Part  I I ,  th is systern is able to show

nurnbers as electr ical  c i rcui ts which have only two states:
In pract ice we represent the two states of  an electr ic c i r -

cui t ,  OFF and ON, by the syrnbols O and L. In this systern,
O rneans OFF and L rneans ON. O means no current and
L rneans current.

In your Miniature Cornputer,  L represents one of  the bulbs
1i t  up and O represents a bulb that  is out.  Later on we wi l l
be using these syrnbols in binary calculat ion.

(Jur v isual  systern of  count ing is based on the nurnber 10.

For th is reason, i t  is  known as the decirnal  systern.  We

count f rorn 1 to 9 and then cornes 10. The rest .of  the nurn-

bers are al l  rnade up of  previous digi . ts.  We rnul t ip ly l0

x 10 and we get three digi ts.  Mathernat ic ians would say

that our systern is based on the powers of  10.

Cornputers cannot use a systern based on 10. They have

only two possibi l i t ies to work wi th:  OFF or ON.

In order to do mathematical  work on a cornputer '  we rnust

adopt a systern based on Z. We can easi ly change nurnbers

frorn the decirnal  systern to the binary systern in our

Miniature Cornputer.  In fact ,  Wir ing Scherne 26 is a Pro-
grarn that  wi l l  do th is autornat ical ly.  However,  You, should

l .atr , .  to do this yoursel f  so that  you wi l l  be able to under-

stand the systern better.  Here you have a table of  f igures

frorn 0 to I6.  Also here is the Logical  Scherne for al l  pro-

grarr ls tha!  convert  decirnal  to binary nurnbers.

LOOL:9

LOLO=10

LOLL:11

LLoo:12

llcft = tg

LLLO =14

LLLL :15

-+1-
( First  f igure )

-+LO
( Second f igure

-+19O
( Third f igure )

+LOOO
( Fourth f igure )

T

't23456789

LOOOO=16
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You interpret  th is prograrn in the fo l lowing way: when a

bulb l ights op, i t  s igni f ies an L.  I f  the bulb stays of f  ,  i t
s igni f ies an O. As in the decirrral  systern,  the binary sys-

tern of  nurnbers is a place systern.  This rneans that the

size of  a nurnber depends on i ts posi t ion.  Just  as in
the decirnal  systern,  l0 = I  x 10 and 100 = 10 x I0 and 1000.
l0 x l0 x 10, and so forth;  thus the value of  the nurnbers

in t l :c  i> inary systern is also changcd by how many places to
the lef t  each f igure is.  But instead o{ increasing in rnrr l t ip-
les of  l0 as in the decirnal  system, in thc binary systern the

nurnbers increase by muit ip les of  Z,  as the digi ts rnove to
the lef t .  In both systerns the f igure fur thest on the r ight

represcnts 1.  The next place from the r ighL in r .he binary

systern represents Z.  The third one over represents 4.
T1're fourth one frorn the r ight  is  8.  Next cornes 16, 32, 64,

etc.  You can see,that by using Ols and Lls alone, &ny nuffr-
ber that  can be shown in the decimal systern can easi ly be

shown in the binary system. I t  may take more digi ts to show
them in the binary systern;  but  because i t  is  made up of
only two types oI  d ig i ts,  i t  is  perfect ly sui ted for  use in

electronic calculators.

WIRING SCHEME 33
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PROGRAM 34 - BINARY TO DECIMAL CONVERSION-

- Use transparent sheet No. 3-1.

Herg. is a new proglarn that does exact ly the opposite of what
we did in the last one-.  In this program, *" crr" . tge binary
f igures into decirnal  f igures.  ThiJprogram has one strange
thing in i t :  you wi l l  sornet irnes see i taiseveral  bulbs l ight-
up at the sarne t i rne in the output sect ion. This should iot
bother you. In this progra*r,  the f igure that l ights up furthest
to the r ight ( that is,  the one that has the highest numerical
value),  is  the correct  answer.

Just because several  bulbs l ight up at the sarne t i rne does
not rnean that there is a rnistake in your wir ing. Let us look

To"g closely at j t .  
__For example, take the binlry f igure oLoL

which signi f ies 5.  Here we atso see 4 (ol ,oo) and- l  (oool , )
l ight up. r f  you look at this a l i t t le more closely,  you wi l l
not ice that the f igures shown always have a certain relat ion-
ship with each other.  That is,  these f igures always add up
to the number that is our answer.

'we 
can make this a better prog-arn and get r id of these extra

results by introducing Nor circui ts in the form of sTNGLE-
PATH circui ts,  as in wir ing scherne z9b. By introducing
these elementsr fou can produce a wir ing scherne that wi l l
show only the one answer you are looking for. we ieave that
up to Voo,-

D
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REAL COMPUgERS WORK THrS W.AY TOO:

Large electronic calculators rneet the same problerns when

changing numbers frorn the decimal to the binary systern

and vice versa. To do this,  they are prograrnmed with

number-translators which fol low programs that look l ike

the one our Miniature Cornputer has just  f in ished. I t  is

interest ing to see that we can also code let ters and words

as binary nurnbers.  This process is used in te legraphic

pr int ing rnachines, such as Telex and TWX. Perhaps you

have seen a perforated band which these machines sorne-

t imes use. Each hole represents an L and the lack of  a

hole represents an O,

PROGRAM 35 .  DIVISION PROGRAM

by David and Steven Pr ince of  Br idgewater,  N. S.

Use transparent sheet No. 35.

As another exarnple of binary input and decirnal output,  you

rnay try this divis ion prograrn.

Sl iders 0 and I  are usedto enter the div idend (nurnerator)  ,
and Sl iders Z and 3 to enter the div isor (denorninator) .  Since

LO Ll  L2 L3 14 t5 L6 L? L8 L9

o b lo b a b o b o b

0f23456789

WIRING SCHEME 35
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-  Use transparent sheet No. 36.

How does one actuai ly use these binary f igures to calculate?
rt  is real ly qui te sirnple. Let us take ihe"sum of 3 and.4,
According to our table,  3 and 4 ate in binary terms:

+ ooLL
oI.oo
OLLL

Let us check this answer.  OLLL is Z.  The calculat ion is
correct .  Let  us t ry another,  Z + ! .

+ ooI.o
oLoo
OLLO

Is th is correct? yes,  oLLo is 6.  Let  us d.o rrrore calcula-
t ions. What happens with Z + 6?

ooLo
OLLO

oLm

[-
I

only two sl iders are avai lable for each nurnber input,  and
since binary input is used, we can enter the folro#irrg po"" iur"
numbers:  0,  I ,  2,  3.

In mathernat ics, div is ion by zero 
i ."__rot.permit ted.,  so i f  you

enter a zero for the divisor,  the rrundef inedr 
should l igh1 up

91 the pane1. on the other hand, i f  a zero is er i tered for the
dividend, the result  wi l l  be zero and that r igni* i rr  shine on
the panel .

Now consider the nurnber 0/0.  should th is be zero because a
zero is in the nurrrerator? should i t  be und.ef ined because a
zero is in the d.enorninator? or should this equal rroner because
we have the sarne nurnber in the numerator aJ in the denominator?
Acc.ording to the laws of mathernat ics, the co. iect answer must
betrundef inedt l

This sum does not f i t  wer i  into our system, s ince we only
know or s and Lr s.  oLZLo d.oes not exist .  Is our sysrerr ]
of  calculat ion at  faul t? No, because we have to learn another
srnal l  rule of addit ion. ordinari l r ,  in our usual systern of
numbers we would say that |  + r  = z.  I t  is di f ferent in the
binary systern.  In th is system L + L = LO.

This seerns cornpletely r idicurousr- 
lut  actual ly in the binary

syste 'm i t  is  real ly t rue:  L + L = LO. r"  p""dt ice,  you wri te
O and carry L.

Using this new knowled.ge Iet  us again t ry to add, proper ly

73
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th is t i rne:

ooLo
OLLO
ffi-o

This answer is correct .

Now that we can do i t  in theo. y,  let  us see i f  we can use this
rnethod of addit ion with our Miniature Cornputer.  First  let
us review the rules of  addi t ion in the binary systern which
we have just  learned.

Here are three simple forrnulas:  O + O = O, O + L = L,
L *  L = LO. These rules of  addi t ion are very easy to show
on your Miniature Cornputer.  The logical  steps are very s i rnple.
For O + O = O and O + L E Lr w! have the Logical  Scherne:

I f  an L (an electr ical  i rnpulse) is produced on wire
ei ther of  these wi l l  be carr ied bv the OR circui t  and

rr lorn,
they
L=Lwi l l  have the resul t  L.

orL+O=L.
This gives us the resul t  O +

At the salrre t i rne,  i f  no current is produced in qi ther rrr  or
n,  there wi l l  be no current in c i rcui t  p.  This rneans that
O + O = O. This is also t rue.

FIowever,  now we have to show that L + L ;  LO. This is
qui te s i rnple.  We wi l l  use an AND circui t  for  th is.  A11 we
have to do is to br ing the two circui ts together in order to
have al l  b inary operat ions in th is Logical  Scheme:

to fol lowing f igure )

But is i t  t rue? No. I t  is  not  cornpletely r ight ,  because al-
though the answer gives the needed LO, the OR circui t  wi l l
st i l l  work as wel l  and the result  v,ze wi l l  get,  wi l l  be two Ll
{  LL).

LO ( remoinder
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Our only other choice is to

of  SINGLE-PATH circui t .

The resul t  wi l l  be th is:

use two NOT circui ts in the forrn

LO 
( remoinder to fol lowing f igure ) .

Now al l  we have to do to have the perfect  scheme for the ad-

di t ion of  two binary f igures,  is  to add two sl iders to rn and

n and two bulbs to p and q.

In Wir ing Scherne 36, we show the actual  wir ing for  such a

binary adder for  two f igures.

WIRING SCHEME 36
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PROGRAM 3? -  A TWO-PLACE BINARY ADDER

Now we can enlarge Prograrn 35 so that i t  wi l l  be able to
handle binary nurnbers of  two digi ts.  But th is is easier
said than done!

Here is the problern of adding two nurnbers of two digi ts
in the binary systern:  i f  our f igures were LL + LL we could
easi ly see that when we add the I  Lr  s on the r ight  s ide of
each nurnber our answer would be LO. We put down the
O and then we have an L to carry to the next colurnn to the
lef t .  .  The resul t  is  that  we have three f igures to add for
the lef t  colurnn. Our prograrn rnust consider al l  th is.  In
this prograrr l ,  we rnust also be careful  to add SINGLE-
PATH circui ts l ike this:

This is.  the problern:  in th is c i rcui t  there are three possi-

bi l i t ies.  Since this s i tuat ion exists,  the SINGLE-PATH

circui t  rnust  get r id of  everything that can happen when two

irnpulses corne together,  s ince L *  L = O, wi th a rernainder

of  course. But i f  the three conductors al l  receive an i rn-

pulse,  i t  is  necessary to show L since L + L + L = L (wi th

a rernainder) .  Therefore we rnust provide an answer whicb

joins the three circui ts.

This is i t :

An AND circui t  for  the rernainder is
rnust be rnade up of  a ser ies of  three
each other through an OR circui t .

a lso necessary.  I t ,
AND circui ts jo ined to

Here is a diagrarn for  th is:

LO

LO

LO

l"

remoinder of f irst f igure )
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:-

i

Entry of f irst f igure

Entry of f irst f igure

Entry of 2nd f igure

Entry of 2nd f igure

If  you have understood aI I  of  th is,
t ia l  prograrn into our giant wir ing

ont ivolence for
lst. f i

you can cornbine this par-
diagram.

ElTniili"
L

L

LO

LO

ontivolence of
remoinder of lst to 2nd f i 2nd f igure

.LO result of
2nd,f igure

LOO Remoinder of second to third f igure

PROGRAM 38 - THE GIANT PROqBAM FOR ADDITION IN
THE BINARY SYS TEM

-Use transparent sheet No. 38.

WiRING SCHEME 38a
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Once you have understood the logic of  th is,  i t  is  qui te easy

to apply i t  to the Prograrnming Board of  your Miniature Corn-

puter.  For th is Iarge program, we are going to change things

a l i t t le bi t .  Up'unt i l  now, we have prograr-nmed one binary

nurnber on the lef t  s iCe of  the board and another on the r ight

s ide. This ieads to ve ry conf used rv i r ing.  For t -h is reason,

we are going to work in another way. We lv i l l  use two sl iders
on the r ight  for  the addi t ion of  the f igures on the r ight  s ide of
the colurnn of  f igures we wa,nt  to add, and for the lef t  s ide we

wi l l  use the sl iders on the lef t .  Thus, i f  you want to add

OL I  OL, you l roove Sl iders 6 and 7.  For LO * LOr you rrrove

Sl iders Z and 3.

To exper i rnent and see i f  our adding rrrachine is lvorking cor-
rect ly,  we have connected a. , , rz i re f rorn 6Ca to Light 5;  now,

using Sl iders 6 and 7 we can check the addi t ion.  Once we see

that th is is working correct ly,  we rernove this wire.

Wir ing Scheme 3Bb is added on top oI  38a, i r  is  the wir ing

scherne for the SINGLE-PATH circui t  of  ihe second part  of

the prograrrrning f ie ld.

At f i rst ,  i t  seerns that there ar 'e only t rvo SINGLE-PATH cir-

cui ts,  even though in the Logical  Scherne there are three.

However,  you should also note that  r ,ve ha., 'e NOT circui ts
jo ined by an AND circui t  at  3Hb/a to ZHb/a,  rvhich is the con-

nect ion on top with the branching elements 6C to 7C in a posi-

t ive AND cirLui t ,  We also have the NOT circui t  7Hb/a t i

g

WIR.ING SCHEME 38b
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6Hb/a. I t  is interest ing to think how confused the working

of th is calculator would be without these SINGLE-PATH cir-

c ui ts.

What is missing now are AND circui ts for the rernainddr of

the second colurnn to be added to the third column. You

wil l  f ind these in l4l i r ing Scherne 38c in the lef t  top. This

is also added on top of Wir ing Schernes 38a and 38b.

Now i t  is  c lear that  chan$ing frorn Scheme 38a to 38c gives

us Scherne 38d. I f  you look at  th is c losely,  you wi l l  see

that several  wires are connected di f ferent ly.  This has

beeh done for certain electr ical  reasons and not for  Io$i-

cal  or  rnathernat ical  ones. This Bets r id of  the problern

of l ight ing certain fa lse bulbs and of  the current passin$

through certain wrong paths.  We have also s i rnpl i f ied

the connect ion to Q. Our calculat ing program (3Bd) is thus

f inal ly f in ished!

REAL COMPUTERS \MORK THIS WAY TOO:

This prograrn seerrrs rnore cornpl icated than i t  real ly is.

I t  is  actual ly rnade up of  very s i rnple uni tary c i rcui ts.

The only problern is that we need a great rrrany of thern.

In Scherne 38d, we have gathered together al l  the part ia l
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wires of  3Ba,
bina ry f igure s

L
L

LO
LO

b and c.  With
of two digi ts.

th is prograrn,  we can add

ffi.
l,-

@
ffLo

I
iL

199@Loo
LOO@ 

FL

LOOO

.. . .ond so on

You wi l l  now ask why we cant t  add rnore f igures.  I t  is
only because of  the lack of  space on the prograrnrning
Board ihat our Miniature cornputer cannot a-aa irrr i r r i tety

l'
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large nurnbers.  With unl i rn i . ted prograrr l r r r ing space we

could theoret ical ly go on inf in i te ly,  as in the Logical

Scherne. This is actual ly done in large cornputers.  With

the greatest  econorny of  design, we can rnake up a prograrn

for two binary nurnbers of  f ive f igures as in Scheme 3Be.

PROGRAM 39 -  SUBTRACTION IN THE BINARY SYSTEM

Large cornputers do not real ly rnul t ipJ_y or div ide.  What
they real ly do is repeat addi t ions or subtract ions unt i l
they get the correct  answer.

But how do we subtract  in the binary systern wi th our Min-
iature Cornputer? I t  is  real ly qui te s i rnple.  We do i t  by
adding the cornplernent.

What is the cornplernent? I t  is s irnply the opposite.  The
cornplernent of L is O and that of  O is L. The complernent
of the f igure LOOL is OLLO and thai of  4 would be LOLL.-
To subtract  4 f rorn 6,  the calculat ion would go as fo l lows:

+ oLLO
LOLL

ffi

-6 _ OLLO
4 + OLOO+

WIRING SCHEME 38e
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'What 
does LOOOL represent? This cannot be r igdt .  6 -  4

is not I7,  even when calculat ing wi th a cornputer.  We rnust

have rnade a rnistake sornewhere.

Not at  a1l !  This is binary ar i thrnet ic.  When adding the

cornplernent,  there is always an addit ional digi t ,  the L of

the f i rst  row on the lef t .  I t  is  now necessary to go back
and add i t  to the colurnn on the r ight.  The result  looks

l ike thi  s :

oooL
+L

ffi

OOLO is 2.  This is the rnost exact way to subtract  4 f rorn

6. On paper i t  is  very s i rnple.  But how can we do i t  wi th

our Miniature Cornputer? This is just  as easyl  Al l  we

have to do is to use the contact  holes on the bottorn of  the

Prograrnrning Board,  instead of  those on the top. Instead

of using the contact  holes of  rows A, C, E, G and I ;  we

rnust use the switches B, D, F,  H and K. Thus we autorna-

t ical ly get the cornplernents.  We have now rnade an autorna-

t ic subtract ion prograrrr ,  except for  one thing.

We wi l l  have to f ind a way of  returning the rernainder to the

r ight  s ide autornat ical ly.  We do this by adding the L of  the

rernainder to the f i rst  row at  the r ight .  I t  is  up to you to work

out the Wir ing Scherne for doing this.

Final ly,  here is a table for  convert ing binary nurnbers into

decirnal  nurnbers so that you can rnake up problerns and inter-

pret  the answers that  You get.

0 oooooo

oooooL 22 OLOLLO 43 LOLOLL

ooooLo 23 OLOLLL 44 LOLLOO

J ooooLL 24 oLLOOO 45 LOLLOL

, oooLoo ZJ OLLOOL 46 LOLLLO

oooLoL zo OLLOLO LOLLLL

o oooLLo 27 OLLOLL 48 LLOOOO

7 OOOLLL 28 OLLLOO 49 LLOOOL

I ooLooo 29 OLLLOL 50 LLOOLO

ooLooL 30 OLLLLO ct LLOOLL

10 ooloLo 31 OLLLLL 52 LLOLOO

OOLOLL 32 LOOOOO LLOLOL

2 ooLLoo 33 LOOOOL 54 LLOLLO

OOLLOL 34 LoooLo CE LLOLLL

4 OOLLLO 35 LOOOLL 56 LLLOOO

OOLLLL 36 LOOLOO J/ LLLOOL

o oLoooo QA LOOLOL 58 LLLOLO

oLoooL ea LOOLLO 59 LLLOLL

a oLooLo 39 LOOLLL 60 LTLLOO

OLOOLL 40 LOLOOO 6l LLLLOL

20 oLoLoo 41 LOLOOL oz LLLLLO

21 OLOLOL 42 LOLOLO 63 LLLLLL
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PROGRAM 40 -  MINI-CHECKERS

-Use transparent sheet No. 3l

Have your f r iends chal lenge your
a garne of  rn in i -checkers.  Your
t i rne !

Miniature Cornputer to
cornputer wi l l  win every

For th is prograrn,  use the trboard! '  wi th nine squares pr in-
ted here,  or  draw your own on a,separate piecJ of  paper.
You can use alrnost anything to make checker pieces. Six
coins would lvork wel l ;  for  instance your t r ren can be pen-
nies whi le the cornputer uses nickles.

You and the cornputer each start  wi th three pieces. First
place your three checkers on squares 7,  8 and 9 and place

the Miniature Cornputerr  s pieces on squares 1,  2 arrd 3.

The rules are s i rnple.  You may rnove only in a diagonal
and forward direct ion and only one step at  a t ime. wtren i t
is  your turn,  and i f  one of  your opponentrs pieces is in the
next square diagonal ly ahead of  your piece, fou rnay " jurnpi l
over hirn andrr take hirrr  of f r ' .  I f  you get a chance to take
off  one of  your opponent l  s checkers,  you rnust take i t .  you

cannot give up a jurnp for r r long-range 
strategic reasonsn.

when one of  your pieces has arr ived at  the last  row, rerrrove
the piece f  rorn the board.

A

P

E

r

H

I

K

0123456789
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The goal of  the game is to capture as rnany of the cornputert  s
pieces as possible.  You rnust rnove f i rst .

E=gr.pt . : .  When you start  the garne, the s l iders for  a l l  squares
that have checkers on thern are set  into the y posi t ion.  Suppose
your f i rst  rnove is f rorn square p to square 5.  You rnove St iaet
9 to x and Sl ider 5 to y.  Press the button and your Miniature
Cornputer shows you i ts rrrove by l ight ing up sorne of  i ts  bulbs:
in th is case, 1 and t .  Since your Miniature Cornputer has no
arrns,  you rnust rnove for i t ;  and the cornputer takes of f  the
piece that you have just  rnoved in your turn ( the piece at  square
5).  As a resul t  of  th is cornputer rrrove, square 1 is ernpty i  set
Sl ider 1 to x) ;  square 5 is ernpty (set  Sl ider 5 to x) ;  and the
cornputer l  s checker has arr ived at  an end square,  9,  which we
now rerrrove frorn the board (Sl ider p rernains in the x posi t ion).
I t  is  now your turn to rnove.

When no rnore rr loves are possible,  the garne has ended. The win-

ner is the one who has captured rnore of  h is opponentr  s pieces.

PROGRAM 41 -  MINI-CHESS by Mike Sobel  of  St .  Paul ,  Minn.

Use transparent sheet No. 41

Herer s your chance to get even with the Miniature Cornputer.

In th is garrre of  "Mini-Chessrr ,  e i ther of  you rnight win.

For th is prograryI  ,  use the board wi th the s ixteen squares

pr inted here,  wi th the chessrnen arranged as in the diagram.

You can use alrnost anything to represent chessmenl for

exarnple:  quarters,  d i rnes, nickles,  and pennies rnay

represent the k ingsr eueens, cast les and pawns with your

rnen being heads up and the cornputerr  s ta i ls  up.

Since you are given the f i rst  rnove which is a big advantage

in chess, we shal l  even the odds by restr ict ing your start ing

rnoves to the pawns at  BZ or CZ. Furtherrnore,  i f  you have

an opportuni ty to capture rnore than one of  the cornputerr  s

I

1 2 3
6 5 4
7 8 I
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pieces, you rrrust  capture the highest possible piece ( i .  e i
queen, cast le,  pawn -  in that  order)  .  The pieces rnove

l ike in the real garne of chess, with the except ion that the

king (K) in our Mini-Chess cannot rr love, nor can i t  cap-
ture an attacking piece.

Regular chess rulesi

1.  A chessrnan captures an opponent l  s piece by rnoving
to the square on which the opposing piece is located and re-
rnoving i t .

Z.  The cast le (C) moves vert ical ly or hor izontal ly.

3.  The queen (Q) rrroves hor izontal ly,  vert ical ly or
diagonal ly.

4.  The pawn (P) rr loves vert ical ly,  except when
tures an opposing piece, in which case i t  moves one
diagonal ly forward

5. The object  of  the garrre is to threaten (check)

i t  cap-
square

the

f"**'.'

f'**."

c a K c

P P P P

p p p p

c q k cI

I

B5

,d



king in such a manner that  the at tacking piece cannot be

captured by the opponent:  that  is  -  the k ing is doorned ( i .  e.

checkrnate).

In playing the garne against  the Miniature Cor iputer,  rnove

the sl iders corresponding to the or ig in and dest inat ion of

the piece you wish to rnove. The sl iders are norrnal ly in

the x posi t ion;  so when you rrrove a piece, rrrove the app-

ropiate s l iders to the y posi t ion.  The cornputerr  s res-

po11se wi l l  show on the l ighted panel .

For exarnple,  i f  your f i rst  rnove is pawn at  BZ taking the

Cornputert  s pawn at  A3, push the sl iders for  BZ and ,{3 to

the y posi t ion.  Note that  a l ight  shows on the panel  g iv ing

the cornputerr  s f f rove as 83 to BZ, that  is  -  the pawn in

front of  the computer l  s queen advances one square,  in

doing so, the pawntrchecksrryour k ing and this too is in-

dicated on the l ighted panel .

The sl iders should norv be returned to the x posi t ion whi le

you ponder your next 'move. Good luck!

CHECK
YOUR
KING

LO LI L2 L3 L1 L5 L6 L7 L8 L9

obobob b q lb q I  b o bdbdbq

BI AZ B2 CZ A3 93 C] D3 84 D{
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-Use transparent sheet No. 42.

Here i .s a wav to part ic ipate in an exci t ing game of basketbal lwi thout straining a s ingL 
-"""_r, , " i -  

Colni . ie rhe wir ing ac_'cording to wir in-g s; i - ;?;  a; !"  inserr  rhe t ransparenrsheet into the oulput s"" t i *  
*T"- ; ; ; " ;^ ;" ' ; ; rk 

the.wir ingwith a corored penci l '  This rnakes i t  easi" i  io"*""p t rack.

Jr:",s#;: ' l , i ,u"?-", 
all sl iders shoutd be ar X, excepr for

in rhe ii. ", ;;jj.",,f" "T l?il; 
"1".;1 

: 
r""."fi,*{;ff:"";

each movins three sl iders 
' i . ,  

" i t f re.  
a i . . . l i . . r ]* f  o ,put  the

3;t:,'jJ;"t[;:?i#j,;lkr._ e ro ger n"-i",, buib to lighr
two points. artu." each goar. ;i!&t""_E::Jr::* lf"r'."*'r."nal  posi t ion,  wi th." fy STiJ" i  O 

" ,  
y-  The game has endedwhen the f i rst  ptaye";" ; ; ; ; "  

- , r r .  
ztst  point .

Here is a special  ru le:  i f  two bulbs l ight  up at  the sametrme, or,  i f  a l l  bulbs go out at  onc-e,  i i  is  a foul jand a pointis lost .  The player must rerurn t f r .  
" f iau,  

f rJf""  . ;o" tmoved to i ts or ig inal  posi t ion,  and give up his turn to thenext player.  you may f ind i t  d i f f icul l t , .  
""" . . "  

i l  , r r i "  gameof computer basketbai l ,  y;*  _; ;  lose your pat ience, butat  least  you wonrt  Iose'y; ; ;  ur . ' " r r r r

?l
3 l

F

ri
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PROGRAM 43 -  FROM L4 pAZ TO BUENOS AIRES

-Use transparent sheet No. a3.

How do you f ind your way in a part  of  the wor ld that  you
have never v is i ted before? Your Miniature Cornputer can
help you. Suppose you have to f ind your way f  rorn La Paz
in Bol iv ia to Buenos Aires in Argent ina.  The quest ion is:
through which ci t ies wi l l  you be able to reach your dest in-

at ion fastest?

First  put  Sl ider 0 to y.  The indicator for  La Paz wi l l
I ight  up.  Then, look for  the f i rst  c i ty on the way to Buenos
Aires,  by t ry ing out another switch.  I f  the indicator r tWrerr t t

l ights up together wi th that  c i ty,  you have chosen the wrong.
route.  When the correct  c i ty has been found, you leave
i ts s l ider at  y.  The search goes on unt i l  a l l  the c i t ies
have been found.

When the last  correct  c i ty h.as been set,  the indicator to
Buenos Aires wi l l  l ight  up.  The problern has been solved.

Ei ther

Boh io
Blqnco

To

Buenos.
Aires

b o lb o lb o lb o
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PROGRAM 44 - MUSICAL CHORDS

Use transparent sheet No. 44.

Here is a prograrn layout which wi l i  help us in learning
rnusical  harrnony. We set the notes of  a t r iad (chord of
three notes) on the correct  s l iders and the l ighted panel

wi l l  indicate which t r iad ( i f  any) has been selected.

Every rnajor chord has a relat ive rninor and these have

been arranged in pairs on the l ight  panel .  Thus, we have

the B f lat  rnajor t r iad consist ing of  notes:  B f1at,  D and
F. I ts relat ive rninor t r iad,  the G rninor t r iad,  is  shown
imrnediately next on the l ighted panel.  (  The G rninor
tr iad consists of  the notes:  G, B f lat  and D. )

To help you in hear ing these sounds, take your Miniature

Cornputer to your piano, or other rnusical  instrurnent.

Push the correct  s l iders to l ight  up the t r iad you want and

then play the corresponding notes on the rnusical  instru-

rnent to hear what i t  sounds l ike.

This is rrrore fun than rout ine rnusical  pract ice.  Can vou.
prograrn other chords ?

c l r  lD lc lA
MINOR I  MAJOR I  MtNoR I  MAJoR I  MINOR

Lo Ll  r -z l  L3 tL L5 L6 L7 Lg Lg

x l l  t i  t  l i  I  t l  l l  l l  i l  [ r" 16 i l  {  r t .  _, la_ ! l  tr  u r.  al
-C 

'D 
E l .  FsharP G A Bf lat  B

B FLAT

MAJOR

d h d h I  d h d lb I  o b

i-jL-i
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PSOGR4M 45 - STUDYING THREE LANGUAGES

-Use transparent sheet No. 45.

Our new prograr]  deals 'wi th the " language departrnenttr  of
a large high school ,  where three languages (Engl ish,

French and Spanish) are taught.  There are ten teachers
in the departrnent.  Most of thern teach only one language,
but others two or even three.

To rnake things easier in th is departrnent,  the school  pr in-
cipal  has rnade up a chart  which clear ly shows which
teachers teach what languages.

AMES
BATES
CUMMIN GS
DAVI D
EN GEL
FRAN K
GOODWIN
HAMMOND
INN IS
KEESE

If the pr incipal could use a Miniature Cornputer l ike your-s,
he would not need this wr i t ten chart .  He could wire up his
Miniature Cornputer according to Wir ing Scherne 45, to
give the inforrnat ion he reguires instant ly.

A11 that has to be done is to rnove the sl iders on the lef t  hand
side (Sl iders T,  Z,  3 l  dependipg on whether you are look-
ing for  teachers of  Spanish,  Engl ish or French. The narnes
of the appropriate teachers wi l l  l ight up in the Ouput Sect ion.

This progranr can do even rnore.  Wir ing Scherne 45 can
instant ly indicate which teachers teach two or rnore sub-
jects.  For example,  i f  the pr incipal  would want to know
which teachers are equal ly good in Spanish and French,
he would only have to shi f t  Sl iders 6 and 8.  The appropr i -
ate bulb in the Output Sect ion would show the required infor-
rnat ion.

I

ot tet f r
X+ ̂X i '
^ t  t '

SPANISHENGLISH
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WIRING SCHEME 45

Background I

CIRCLING IHE TEACHERS

Now that we know a l i t t le about the teachers -  we know al l

their  narrres -  i t  wi l l  be easy to i rnprove our l i t t le diagrarn

of the school  by adding the f i rst  let ter  of  their  narnes to the

I i t t le f igures repre sent ing thern.
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Now we could c i rc le th is l i t t le diagram to show which teachers

The teachers wi th in each circ le represent a certain group

or set ,  that  is  -  the nurnber of  teachers able to teach in a
part icular language. And this observat ion leads us into the
f ie ld of  Algebra of  Sets.

I f  we want to discover which teachers belon$ to which grouP,

we can use an algebraic I ' langua$err .  We can take the f i rst

let ters of  each teachert  s narne in srnal l  let ters and arrange

thern in brackets l ike th is:

{a,  
c,  d,  f ,  h,

This represents the set (  col lect ion) of  teachers teaching

Spanish. Each teacher is shown as an rrelernent ' r  of  the

set concerned. We can now express the sets of  teachers

that teach each of  our three languages (where S = Spanish,

E = Ensl ish and F = French) l ike th is:

S= tarcrdrfrhr i ]
E= {arbrergr i }
F= tb,d, i ,k}

PROGRAM 46 - OVERLAPPING QUANTITIES

- Use transParent sheet No. 46.

We have circ led the teachers of  our three languages separately.

Now we can jo in the three diagrarns- into a s ingle one. Natur-

al ly the c i rc les for  the language groups sornet i rnes over l ,ap.

In th is diagrarn,  you can st i l l  c lear ly see which teachers

teach what languages. We now have.a Prograrn for  our Min-

iature Cornputer which shows what area of  our three circ les

each group of  teachers b 'e longs to.  I t  is  i rnportant that  the

sl iders for  a l l  the teachers of  each group are set  to y -  other-

wise this prograrr ]  wonl  t  work.

92
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Here the ci rc les over lap again.  sornet i rnes,  onry sect ions
of a c i rc le wi l l  l ight  up.  I f ,  for  exampler fou rnove Sl iders
3 and 8 forward ( the ones for David and Innis)  ,  L isht  7 wi l l
go on. This shows only the srnalr  segrnent where 5 and F
over_Iap. I f  you think about i t ,  th is is only }ogical  s ince Dayid
and rnnis rnake up the srnal l  set of  those feacf,ers who teach
Spanish and French.
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Background 2

UNIFICATION OT' THE LANGUAGE TEACHERS

At the end of  the last  progranl ,  we saw that two sets ( the tea-
chers of  both Spanish and French) could be represented in our
diagrarn by a sect ion of  a c i rc le.  Now we can go a l i t t le fur-
ther and learn that we can jo in other sets in th is way and show
this in our diagrarn.  Let  us see how we could represent the
set of al l  teachers who teach ei ther Engl ish, French or both.

The diagram above represents the jo in ing or rrUnion" of  the
sets of  a l l  teachers teaching French with the set of  a l l  those
teaching Engl ish.  The two sets were t runi tedt '  to forrn a
rr  Union s etrr  .

I t  is  just  as easy to uni te the sets of  Spanish and En$l ishtea-

chers as those of  Spanish and French teachers.  Prograrn
46 dernonstrated this.  There is also no reason why we cannot
unite al l  three groups of teachers and get a diagrarn l ike this:

This Union of  a l l  the language teachers of  the school  repre-

sents a total  group since i t  shows a1l  of  the teachers in-

volved in th is part icular exarnple.  In other problerns the

Algebra of  Sets,  th is total  group could deal  wi th the group

of people in a roorn,  in a count iy,  the col lect ion of  thurnb-

tacks on a bul let in board,  the col lect ion of  rnolecules or

any other group. In any case, th is total  group or set

l-

$$#
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represents al l  of  the i terns in a part icular problern and
therefore th is set  is  known as the Universal  Set or rnore

sirnply,  the Universe.

We have already learned how to show in a diagrarn the Union

of al l  those teachers who teach Engl ish and aLl  thcse who

teach French. However,  what i f  we are looking for a rnethod

to show those especial . Iy ta lented teachers who could teach

both Engl ish and French? We do i t  l ike th is:

As you can see, the unshaded sect ion of  a c i rc le above is
rnade up both of  a part  of  the c i rc le for  Engl ish teachers
and part  of  the'one for French teachers,  that  is  -  the parts
which over lap.  As a resul t ,  each teacher in the over lap is
a rnernber of both the French and Engl ish teachin$ groups.

In our systern of  rnathernat ics,  th is over lapping area is cal-
Ied the Intersect ion.  Thus, the unshaded area represents
the Intersect ion of  c i rc les E and F.

PROGRAM 47 -  THE COMPLEMENT

-Use transparent sheet No. 47.

We wi l l  soon have to say good-bye to our teachers.  In future
prograrns,  we wi l l  be discussing sets of  indef in i te rnernbers -
perhaps vegetables,  guns or goldbr icks.  But before we leave
the school ,  we can use i t  to Learn one new concept:  the Corn-

--)Brnent.  The rneaning of this concept is s irnple.

We',  start  wi th our Universal  Set; ' rernernber that  th is is rnade
- up of the whole col lect ion of objects involved in a problern.

In th is case, the Universe is the set of  a l l  teachers in the

language departrnent.  Now, let  us relrrove one group of
teachers f rorn the Universe -  letr  s say the set of  Spanish
teachers.  What is lef t  af ter  we subtract  the set of  Spanish

teachers is the cornplernent of this set.  In this exarnple,

the cornplement of the set of  Spanish teachers is rnade up

of the set of  a l l  those teachers who do not teach Spanish s ince,

i f  you put both sets together,  you wi l l  corne up with the whole.

Unive rsal  Set.
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In our diagrarn,  the shaded sect ion represents the cornplern-

ent of  the teachers of  Spanish. Note that the teachers who

teach both Spanish and another language are part  of  the c i rc le

for Spanish teachers and thus not part  of  the cornpletnent.

Prograrn 47 wi l l  g ive you sorrre pract ice in understanding
what we have bepn talk ing about up to th is point .  Note that
in th is prograrn,  we consider only the c i rc les or the sec-
t ions of  c i rc les that  a le l i t  up,  not the shaded areas. After
this prograrr l ,  to make i t  rnore s imple,  we are going to re-
verse things. We wi l l  consi 'der only the shaded areas as
being part  of  our resul ts.
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Backsround 3

THE FIRST LAWS

Now we are ready to leave the high school .  Instead of  con-

sider ing sets of  French, Engl ish and spanish teachers,  we

wil l  dea-* l  with sets sirnply cal led X, Y arrd z.  we can st i l l

do sorne very interest ing th ings with thern.  AIso, you rnight

note that  you do not have to consider a universe of  three sets.

we rnay consider one set,  th i r ty or a hundred sets at  a t i r r ,e.

we are now going to introduce'you to two new syrnbols so

that you 
"an 

*orf .  rnore easi ly wi th sets.  A l i t t le whi le back,

we talked about the union of  two sets.  In the next diagram,

we ha.r .  two uni ted sets:  x (  shaded vert ical ly)  and Y (  shaded

horizontat ly) .  Rather than taking the trouble of wri t ing out

i lset  X is uni ted wi th set  Y" over and over again '  we sirnply

wri te:  XUY.

represent the Intersect ion

intersects wi th set  Yrr ,

il

=XUY

We also have another sYrnbol  (n )  to

of  two sets.  Instead of  saying rrset  X

we wri te s imPlY XnY.

=XNY

There is a th i rd syrnbol  that  we rnust le.arn '  To represent

the Cornplernent oi  a set,  such as the Complernent of x '  we

girnply pt1l  a horizontal  l ine over the or iginal-  sst '  l ike this

X Th";  Ewould be the Cornplernent of A and C would be the

Cornplernent of C.

We are now ready to rneet our f i rst  Law o{ sets -  ideas so

sirnple that rnost people would'  cal l  thern obvious'  This f i rst

Law, stated in wota",  is  as fo l lows: the Union of  a set  and

i ts iornplernent is the universal  set .  using our new symbols,

we can express th is Law as fol lows:

XU*=1

Yournaybeabi tsturnpedbythel inthisguest ion.Thel
s i rnply represents the Universal  Set '  So now you have a

fourth syrnbol  to remernber:
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XuX= 1

1
And now we corne to

Set Law I :
Set Law Z:

These Set Laws can
that states that Z ,  3

two more Set Laws.

XUY = YUX
XflY = Y/ lX

be cornpared to the Law
= 3 + Z.

of  Ar i thrnet ic

,Background 4

UNION OF SETS WITH THEMSELVES

These new Laws rnight seern a l i t t le strange at  f i rst :

Set Law 3: XUX :  X
Set Law 4: XnX = X

If  you think about thern a l i t t le,  they wir l  start  to seern rnore
sensible.  For instance, i f  we uni te the set of  Engl ish teachers
with the set of  Engl ish teachers,  we are adding two sets,
each of  which has al l  the rnernbers of  the othei  and nei ther
of  which has any addi t ional  mernbers.  Thus EUE .  E.

i','W^=
s ''-t::--.,t ':\:----,'F

It is the sarrre in the case of  the other Law.
of the two ident ical  sets consists of  a l l  the
to both,  that  is  a l l  the mernbers of  the set .

U i ,@
S 

='-{-.r'F

The Intersect ion
mernbers cornrnon

Thus Ef lE = E.

n
,,.--,ttl.. 

"'.,E

ie j
s""'!r

Now to make things
more Laws:

a bi t  more cornpl icated, here are two

Set Law
Set Law

xu (  xnY)
xn( xuY)

6.

6z
;X

-X
I

I

I

I
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Note that for  these Laws, whatever is wr i t ten between brack-
ets rnust f i rst  be worked out separately.

I f  these two Laws seerrr  a bi t  strange, we can sirnply c lear
things up by referr ing to our diagrarns:

-
-

U (XNY)

-
-

XNf iUY)=X
PROGRAM 48 -  TEACHING MACHINES FOR SETS

, ' - -  ) i -  
- - ' .

/- \

iX=Y)
"-.--F--,''

X X

-Use transparent sheet No. 48,
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This " teaching rnachineir  prograrn wi l l  be great for  gett ing

yoursel{  rnore used to sorne of  the basic Laws of  Sets.  To

use this progranr,  s i rnply start  by pushing forward ei ther

X or Y on Sl iders 0 and 1.  Also set one of  the syrnbols

(U or0) forward on Sl iders 3 and 4.  Now choose one of

the four sets of  Sl iders 6 to 9;  but  before you press i t  for-

ward,  t ry to guess what the resul t  wi l l  bel  When you do

rnove i t  forward, you wi l l  instant ly f ind out whether or not

you were r ight .

PROGRAI| / '  49 -  THE EMPTY SET

- Use transparent sheet No. 49.

You now have a prograrn whic,h wi l l  rnake i t  a lot  easier and

rnore interest ing to learn sorne new Laws of  Sets.  .

A whi le back, we learned Set Law 7: XUI = I ;  that  is ,  the

Union of  X wi th i ts Cornplernent is the Universal  Set.

Now that we know the resul t  of  the Union of  X and i ts Corn-

plernent,  what about their  Intersect ion? Since the Intersec -

l ion of two sets is rnade up of the rnernbers comrr lon to

both sets,  i t  seerns obvious that there are no rnembers

contained" by both X and i ts Cornplernent (X) .  Anotherfyay

of stat ing th is,  is  to say that the Intersect ion of  X and X

is a set  consist ing of  no rnernbers.  This rnernber less set

has been given a narrre..  I t  is known as "the ernpty set i l  and

is represented by the syrnbol  p.

This ernpty 'set  is  not as rnyster ious as i t  might seern.

Actual ly,  i t  appears qui te f requent ly in everyday l i fe.  Let

us go back to the exarnple o{ the high school  language depart-

rnent.  Suppose that the pr incipal  sent the head of  the lang-

uage department a forrn to f i l l  out ,  l is t ing the number of

teachers of  each language.

No. of  teachers

qual i { ied to teach

FRENCH SPANISH ENGLISH

-of

GERMAN
0

Thusr /ou can see that in our schooi l  s language departrnent,

the set of  teachers able to teach Gerrnan is made up of  no

rnernbers and is an exarnple of  the Ernpty Set.

Now we can wri te:

Set Law 8: XnX = 0

ffflflililIN 

-W=
100



Now let  us look back at  th is Law concerning the Intersec-
t ion of X and the Ernpty Set.

Set Law 9z xAQ = p

This can be understood very easi ly i f  we rernernber that

since the Ernpty Set has no mernbers, X and the Ernpty
Set cannot have any rnerr lbers in cornrnon.

,This new Set wi l l  now seerr]  qui te logical :

Set Law 10: XU/ :  ;

Background 5

THE UNIVERSAL SET

Remernber that  the Universal  Set ( t )  is  the set that  contains
al l  the rnernbers of  a l l  the sets under considerat ion.  For
instance, in our exarnple of the language departrnent i t  is
the set containing al l  the teachers of the departrnent.  In
terrns of  our diagrarns,  the Universal  Set is the ent i re area
of our rectangle

What happens when we uni te X with the Universal  Set? This
is a s i tuat ion a bi t  l ike the ones in which we added X to i t -
s eI f .

t t , t

1

This t i rne, we are unit ing a
with the Universal  Set.  I t  is

Union is the Universal  Set.

Set Law 11: XUI=I

Now what about the Intersect ion of  X and the Universal
Set? The Intersect ion is rnade up of  a l l  the rnernbers corn-
mon to both sets and i t  is obvious that these corrrrnon rrrern-
bers are al l  the rnernbers of  X.  Therefore,  the Intersec-
t ion of  X and the Universal  Set is X.

Set Law lZ: XNI = X

You can have sorne rnore pract ice wi th these new Laws

in Prograrn 49.

part  of  the Universal  Set (X)
obvious that the resul t  of  th is

Thus:

l0I
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WIRING SCHEME 49

9ackeround 6

COMPLEMENTARY SETS

There are three Laws that apply to Cornplernentary Sets.  Al l

of  these can be learned with the aid of  Prograrn 49. T,o f ind

the Cornplernentary Set of  any of  the sets on this prograrn,  set

the s l iders forward for that  set  as wel l  as the one on the r ight

rnarked "Cornplernentr t .  The Cornplernentary Set wi l l  then

autornat ical ly appear in the Output Sect ion.

We have already seen that the Cornplernentary Set of  X is X.

We can also see that X has a Cornplernentary Set and i t  is  X.

Thus, we can cal l  X the Cornplernentary Set of  the Cornplernen-

tary Set (X) .- '  I  Set Law 13: (X) e )(

To say Set Law 13 in words:  the Cornplernentary Set of

the Cornplernentary Set of  X is X. Here are two rnore laws

deal ing with Cornplernentary Sets that you should be able

to understand easi lY.

Set Law 14: T = f r

This is qui te clear because we def ined the Cornplernent of a

set as t f r-e ai f ference between that set and the Universal Set.

obviously,  the di f ference between the universal set and the

Universal Set is nothing, that is -  the Empty Set.

tl
I

I

t0z

"?



The opposi te is also t rue. What
Set to forrn the Universal  Set,  is

Set Law 15: 6 =

Set Law 16:
Set Law 17:

is rnissing frorn the Ernpty
the Universal  Set.  Thus:

I

'

'  Use tra.nsparent sheet No. 50.

There are only two Laws of  sets that  are a l i t t le hard to under-
stand at  f i rst .  They are narrres af ter  their  inventor,  Augustus
de Morgan.

( ry)  = 5nE
( Xn Y) =XUY

we wi l l  understand these two rnore di f f icurt  Laws i f  we use
diagrarns.  First  tet  us t ry (  f f i )  = fnY.

our

XI.JY
This diagrarn lets you understand
Now look at  th is:

the lef t  s ide of  our equat ion.

XnV=XnY
Now compare the d. iagrarns for (TWt ana fnT. I t  is c lear
that the areas of  the shaded space of  the f i rst  d iagrarn.and the
doubly shaded area of  the second diagrarn a. .  .q, ia l .

To rnake things a bi t  c learer,  th ink of  the Universal  Set as a
rectangle of  p lywood. I f  we saw XUY, we are lef t  wi th a board.
containing a hole shaped l ike an oval  indented in the center.
This board represents (XUY).  To represent XnY without our
plywood board is a bi t  r r rore di f f icul t .  X is a board wi th a hole
in i t  where X used to be. Sirnl la l_ ly,  Y is a board wi th a hole
where Y was ear l ier .  Jo get fnT, '* .  * . r r t  to get the areas
corr)rrron to both X and Y. TLl*s.  we put the two boards on top
of each other.  We consider Xf lY to be only these areas where
there are two layers of  p lywood.

De Morganr s second Law is pract ical ly the opposi te of  the f i rst :

I03

COMPLEMENTARY

(fnvy -  ?uf



ir!j)
( XnY) = XUY

XNY

To understand this one, we should use our plywood boards

again.  (XnY) is a board where we have sawed out only the

one l i t t le s l ice that  re3resents the Intersect ion between X

and Y (XnY).  X and Y are represented just  as be{ore:  two

boards each with a s ingle hole,  one showing the rernoval  of
X, the other of  Y.  This t i rne,  however,  we are not looking
for the Intersect ion but for  the Union; that  is ,  i t  is  the wood
that counts,  in ei ther one or two areas. Here we { inal ly see

that only one srnal l  s l ice remains cut  out.  This rnakes this

diagrarn exact ly the same in area as the one for (TTT) ,  and

so our Law is shown to be true.

(x-aT)

ffi
XUVYu

COMPLEMENTARY
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WIRING SCHEME 50
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Now you can becorne rnore farni l iar with al l  these Laws by

working with Prograrn 50. W-i th th is prograrn'  you can re-

construct  De Morganl  s Laws in the forrn of  equat ions.

You.can set the lef t  s ide of  the equat ion on Sl iders 0 to 4 and

the r ight  s ide on Sl iders 6 to 9.  To start ,  you can set the

Union or Intersect ion of  X and Y between Sl iders 0 and 3.  To

rnake i t  c learer,  X and Y l ight  up in the Output Sect ion when

you do this.  Now when you push the push button (T) ,  you

wi l l  see a representat ion of  the Union and Intersect ion in the

Output Sect ion.

I f  we want to represent De Morganl  s Laws in th is scherne,

we rnust be able to show the Cornplernents of  these sets.  To

do this,  we use Sl ider 4.  When this s l ider is set  and the

push button is appl ied,  the Cornplernentary Sets wi l l  appear

in the Output Sect ion.

Now you can show the Union and the Intersect ion of  X and Y

on Sl iders 6 to 9, ,  I f  you press the push button and the sarr le

f igures l ight  up for both the lef t  and r ight  s ide,  the equat ion

wi l l  be correct .

Background 7

THE LAST FOUR LAWS

There are a total  of  twenty-one Set Laws. We have only four

rrore to consider before cornpletely understanding the subject .

These last  four are qui te s imple.  You wi l l  p ick thern up

quickly just  by studying the fol lowing diagrams.

(Yu Z) Xu (YuZ)

(X uY) f iuYluZ

WM
X

A

:

:

z
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xu(Yuzl : (xuY)uz

A

-
=-

:

,H,
(Xn7l

Gi)
(YnZ)

n

zn

n

n

Set law 18

Set law 19

Set law 20

I
I

I
I

I

I
I

i
I

,,

d

U

U

ffiM
X

LX't
i'\tlm.."
ilt i
r f t

(XnY) = (XnVlu(XnZl

i:
X n (YnZ)

ffiM
N nZl

(XnYlnZlXny)

xnff .z) : (xnnnz

X n (YuZ)(Yu Z)

i"-*-'

xnf iuz):(xnnu(xnz)

lffiM
Xu (YnZl106



(XuY) vvTl

n

= (XuYl n (XuZ)

Set law 21 xu(Ynzl : (xuY)n(xuz)

Bacbgr.ound 8

Here, for  the sake of  ord.er and completeness, is a l is t  of
al l  the Laws of  Sets.

Now you are ready to rnake.some pract ical  use of  these Laws
in prograrnrning your Miniature Cornputer!

Set law (1) XUY = YUX
' Q) XOY = YflX

XUX= X
XOX= X

XU(XNY)=X

XN(XUY)=X

XUX= 1
xnx=0

(e) xfi@=Q
(10) XUO=X
(11) XUl =1

(12) Xf l l  =X

(10) (i)=x

T=0
9=1

XUY=XflY

xnraxuv

(18) xu(YUz)=(xuY) uz
(rs) xnftnz)=finv)nz

(20) xn(YUz)=(xnY)u(xnz)
(21, xu (Ynz) fiuY) n (xuz)

n

(3)
(4)

(s)
(o)

(z)
(8)

0+)
(rs)

(16)

(rz)

I
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With Prograrn 50, we have
rnanual.  This is as far as
much rnore for  yoursel f .

the end of this instruct ion
this book, but you can do

corne
we go

to

in

With lnany experirnental kits, the end of the instruction book-
let  rneans the end of the experirnents; however;  your Minia-
ture Cornputer ki t  is qui te di f ferent.  This is where you realLy

begin. Now you can attack logical  problems on your own,
rnake trial circuits, try sut other calculation rnethods and
invent new garres. This rnanual has suggested only a fract ion

of the possibi l i t ies of your computer.

To help you, we have included several  blank transparent
sheets so that you can wri te your own inscr ipt ions on thern.

I f  you f ind a unique new prograrn,  send us'a wir ing scheme

and descr ipt ion and, i f  possible,  we wi l l  include i t  in our
next 'edi t ion and credi t  vou with i ts invent ion.
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