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- BElectronics

N the cover of this issue of
B Bano-ELECTRONICS i3 a pie-
ture of a small rebot which
s has four sensing organs, three
mcting organs, and a small electronic
and relay brain. His namembquee the
What he does ns roll
* pick

: "' quirrel.

at.” leave it there, and then hunt
sr more nuts.

~ Although Squee is not a very clever
“robot, he does have a small amount of
- and of reasoning ability, and
& close cousin of his predecessor,
the Midgel Electric Brain. Sim-
;s the main subject of a series of
feen articles in RADIO-FLECTRONICH
n Detober, 1950, to Octoher, 1951,

A. Jensen and this author,
- There are a8 number of interesting
things about Squee, himself, but the
most important of them is that he is
my ways a good illustration of a

Light Sensitwve . . .

ELECTRONIC BE

By EDMUND C. BERKELEY

cireuits for mechaniesl brains and ro-
bots. This method is the algebra ef
logie, also called Boolean algebra. The
engineers at Northrop Aireraft Co. in
California, who degigned the eleetrie
brain Maddida, say they have given up
drawing ecirenit diagrams in many
places because Boolean algebra does a
better job,

Irf this series of two arlicles the main
emphasis will be on Boolean algebra:
what it is, how you can caleulate with
it, and how it ean be used in practice.
The secondary emphasis will be om
Squee. But first a few more words about
Squee.

Why did Edmund C. Berkeley and
Asgociates build Squee? Well, last year
Bob Jensen and | read some articles
ahout s mechanieal tortoise made in
Bristol, England, by Dr. W. Grey
Walter at the Burden Neurological In-
stitute. We said te ourselves, “Let's
make a robot like that—but have h
do something a little more clever.”
we came np with the idea of & squ
gathering nuts, and decided to
a robot squirrel,

Snuee was constructed mainly thre
the N‘fﬂrts of three men—Robert
Jensen ({(until he re-entered th! '
Foree in June, 1951), William 8
and Jack Koff. Bob Jensen made €
skeleton, a framework l
wheel for driving, a piv e

e

Be squirrel’s motor

wheel, and two
He mounted
iries. By October,
Was responsive to
: kind of light).
In March, 1951,
itment to exhibit
at the Minnesota
28 to September 3,
ff The Dayton Co.,
store of Minneapo-
f had started as fun
g==. We undertook in
of making the. ma-
sond kind of light,
| peeded hands. The
and the nest light
mtion-of Szabo, and
B, testing, and modi-
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stion of the machine was ¢
off. Squee was exhibited Ii-
iy for ten days in Minne
obably B0,000 people saw

he design of Squee
I'i it ]ﬁl?ﬂﬂﬂldeﬁg‘n ﬂf e
 hitehing together the sensi

see Fig. 1) and the netmg
2) with appropriate

@ logical design of Squee is k

the Boolean algebra relati

ditions expressed by the " :
ad the conditions expreunﬁ

AT

‘J

sing organs.
. The first two sensing organs =
gkt eye and the left eye, the tw two
. They enable Squee to s
mrrnundmg environment; Ili
turns his steering eulum:l:, tli:
‘eells look in ome direction after &
for nuts or nest. A nut (current! ..'-'"-
ball) is lighted from above b!i
- light, a d.e. light. The nest {
- a 12 x 18-inch sheet of alu
]ighl:.aﬂ by a 60-cycle a.c. gu-ﬁllﬂ
giving 120 flickers a second.,

In Squee the physical circuit using
electronie tubes connected to each p “:ﬁ.
tocell reporta at any time three logies 'ﬁ
conditions, These are: durlimu-:'
light; and either d.c. or a.c. light ox
a.c. and d.e. light. The possible
reports from the ecircuit, for uuh]lhba
totube are:

Condition Darkness A.C. Amy light

g

No., Eeport Report Report
1 1 0 0
2 0 1 1
4 0 0 1

Here the 1 designates “‘yes” or “re-
ported” or “on,” and the 0 denotes "ﬂ"'
or “not reported” or “off.” Notice par-
ticularly that this eircuit, which we
called the Amplifying Circuit, mlli-
ahle to report “d.c. and not a.c.”; there

wﬂhcn]nttnan?nbuutthmpﬁlt'-

Iater,

The third sensing organ of Sguee is
a contact-reporting switch taken from a
vending maehine, and installed at the
baze of the scoop. We called this the
“tongue.” When the nul (ball) entered
the scoop, it would roll against this
contact awitech and e¢loze a relay, thus
telling Squee that it had taken hold
af a nut. _

The fourth muing- organ of Squee
is a “foot,” consisting of two copper tips
mounted on springs, which trail along
the floor. LI and when both of Lhem
tourh a metal plate (the “nest”), a re-
lay ia closed, and Bquee “knows"” that
it has found the nest.

The possible logical reports from
theze two sensing organs are!

Tongus Foot
Repart Report
1 1
0 0

We come now to the acting organs.
After a lot of pondering over various
ways of gwmt éenergy to the acting
organs, and the problems of clutches,
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nn the simpleat,
, me : We hitched a
mh part that had
we provided that it
run forward

turning of the motor by means of limit
switches, so that there would be two
positions and the seocop would be either
open or closed.

The possible logical reports about
each of these three acting organs is:
Condition Molor Motor Motor

On  Forward Backward

:-=-'| ]

¥e wheel, we mounted a
s shaft, and turned

; _" & worm wheel mounted 1 0 1o Doril
'Of the drive motor. For 2 1 1 0
o ) nite d a E-Eﬂ.r on thﬂ 3 -1 u 1

end turned the gear with

T

sunted on the shaft of
por, In the case of the
& problem. There was
motor at the hottom rear
st the scoop was at the
passis, even ahead of the
£ had to be opened and
%‘1 ipped hands held to-
Wrists, So we ran pullar
£, flexible wire string,
'_ scoop to the drum
e _‘l_l!a!-ﬂ- of the seoop

g adjusted the amount of

We have mow reduced the sensing
(or input} of Squee to a set of yes's
and no’s, or 1's and 0's. We have re-
duced the acting (or uutput]l of Squee
to a set of yes's and no’s, or 1's and
0’s. We now have left the problem of
hitching the input and the output to-
gether, s0 as to express the desired
behavior of Squee.

Ordinarily, up to this time, this kind
¢f problem has been sclved by the
practical method of drawing eircuits
on paper, using prior rule-of-thumb ex-
perience with that method. But there

.Y

sher

ART 1—THE IDEAS OF BOOLEAN ALGEBRA

| N QUESTION
| " K. ' m hm.“

1 1. What symbels are wsed 4o stand
hr any things being talked about?

.
e

.1I-..:_ “"‘"' u,b-:.iti‘-l."-ﬁ-t I
Whet can the things be that are talked about?
SR AR <2 B 4ISY. .. ... (A} Closses. like: "Horses Animals, Cows, M
: | L:ll e [H}'lhlml'hrw m
I, 0} of statements such om elar A H
"Motor B is an." "Photocsll C registers light."
3. What eperations are there?

ol av b
aNn: a * b, oab
Nor: o, = a
igcert: a=h'
oneisi:a A b

4, What specicl constants are there?
3 t.“' =afereverya (ond @ * Huucuﬂ.#.nniﬁifiiuﬁrmutnnd

avad=18
-E.:"gﬂﬂf:ffrswn yHiveris cLas, |, such ot o v | = | for every o

ot & - lond a » | = a)
fora 7 0
ow many are all the things that ero talked about?

! &, or 4, ﬂr.-.'“’.-pi_ﬁ-‘m

6. What Is an example of o rele?

i of a number is Th-lirurhul-'.' ol e
sl } =a :hfun K : stotemant
itself. {u'}‘ - 'q; e '
7. How de yau represent y 2

cally the things talked

i H!I:' {A] By area: in o finite 1
zoge
The arsos Mo

b

(1]

[

4

¥

is

5

% The nutl
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iz beginning to be a change: Designers
L '--“ to use the methods of

s algpebra to effect the logical de-
q,f gircuits to express behavior.
-mme{'ing the input and coutput
% and no's, 1's and 0's, is a problem
' ---- algebra, What is Boolean

polean algebra is a kind of algebra
i after a great English mathema-
Gmrge Boole, who lived 1815
. He wrote a famous book called
: aws of Thought, in which he laid

Electronics

out quite completely the design of a
new algebra. It was somewhat like or-
dinary algebra but was adapted to the
ideas and operations of logic, of reason-
ing. :

%ther mathematicians and symbolic
logicians have sinee then considerably
improved and extended the algebra
which Boole devised.

Ideas of Boolean algebra
What are the ideas of Boolean alge-
bra? In Chart 1 is a comparison of the
in features of:
Elementary algebra, which we all

CHART 2Z—THE RULES OF BOOLEAN ALGEBRA
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ELEMENTARY ALGEBRA

BOOLEAM ALGEBRA

ive Law
a*b=bva
| 2. Associative Law

il o FLUE

them.
them,

peut |a Times e

o4+ o= la

a*a =g’

| Elements | 0, zes0; I, uuiry 0, mu.L, NOTHING: |, UNIVEREE,
a+4+0= ALL
a*0=0 ov0=a |o o HOTHING = a]
a4 1=a+4l o * 0 =0 [wWHAT |5 SOTH O AND
a*l=ago HOTHING = HOTHING )
av | =1 (aoonaw = au)
o * | =a (s0TH a aND AL = a
TWO OPPOSITES: ONE OPPOSITE:
a+ [-a) =10 gve =i
o flus (MiNus a) = 0 a Of NOT @ = ALt
ax [lfa) =1 a*a =10
unmh]ﬂmmn}m[ BOTH G AHD NOT @ = HOTHING
- |=a) = a |a')' = @ [wor=NOT=a = q
= I"=20
1/{1/a) o ol
b= = -k avb=[a'*k] 3
"gp',:;:::h' ::I.h+.;[_ﬁ=]n @ o b = wor |not-a and |
_{ﬂ+b+'ﬂ't!*l=[-ﬂ}+ H-E'I"—b] P oy a
0 i e orb= (o vb)

b b') =
t::hl?{l:*'. #::-ﬁ'lﬂ
il..l
8. Absorptl = avia*h]l =a
| e :?;E: ];I.Ilﬂ-ﬁ.hgh cox (o avo k] = a -

Relation of Less LESS THAN OR EQUAL: INCLUDED IN (LIES IN):

l or Included In | o £ b if and only if a < b if and enly if;

1 o (zere or some nvh=h.nrn-h—-t-
num = b a+*b —0 eora vbh

a+h=b+a

armus b =— b rus o

anmis b — b nimes o

s + b +¢=ﬂ_+ b 4+ <)
FLUS © I5
whatever order you take

{ﬁ'h] -=I='n'l {hl:l
a iMmes b Tmes ¢ iz the some,
whaotever order you take

ONE LAW:
a* b+ ¢c] =ab + ac

atmes (b rusc) = (o e b)

aFus g = TwWo o

0 TIMES @ == g SQUANED
Thare ars numerical coeffici-
ents and exponenis.

avhb=bvae
[uuth]—{hﬂu]

th anob) =

{nrh]vc-nu{hvnl

a oz b ow ¢ is 1he same, what-
ever arder you take them.

la*b) e =alb="e)

a ap b anp c is the same,
whatever order you toke
tham.

TWO LAWS:
[IJa* [Bve) =abvare
ﬂﬁ.“b |b ul ¢) = |aanc b) ar
ﬂﬁ“ﬂ-ﬂ

|?t-ﬂ#‘ih':] = |avb]*
ﬂ\'ﬂ

oor [banoc) = [aonb) ane
(a on g

lh AND a)

the same.

eva=a
ookg=a

" a*a=ag
O AND G = @

There are ne numerical cosffici-
ents or axponants.

ﬂ'h\"ﬂ'h*_ﬂ

a*lavbh) =a
a avp (a on b) = a

, for handling num-
B iz essential for all
in radio, electronics,

learn o

.-.:;; the newer algebra,
il for handling state-
. conditions, and eir-

information has been
' and it is worth

say: “There seem to
ich Boolean algebra
e, ﬁ;r classes and by
' statements.” Yes
more ways besides.
n interesting math-
%k that applies to
P different situations.
1e number 30 and
& 5 6, 10, 15, 30;
iy factors; leta v b
et multiple of a
the highest comman
rand a’ be 30/a. You
& a Boolean algebra.
mample, consider =ets
hes or relays; let a,
ny switch contacts;
josed when b is closed
)18 open; a v b means
fl; a + b means a and
! i= any cortact open
rand closed when a is

ove indicate what a and
ard and Boolean algebra.

-r il Boolean algebra.
fled in practical electric
ghown later.

slean algebra

»f Boolean algebra, in-
th they may be, are not
g0 need the rules. We
‘the rules on the basis
soning. In fact, mosL
ping is Boolean algebra,
means of words and ex-
the rules of Boolean al-

*m mathematical forme
pful. They are givem
intu comparison witls
.: wdinary elementary al—

i8 an introduction to the
es of Boolean algebra.
 ways to use them for
| gireuit elements that cam
ff," and some of the way==
“for connecting input and
xpress the behavior of m
shanical brain, will be ex—
s¢ mext article.
—end—
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Algebra in Electronic Design

N OUR previous article, “Light Sen-
sitive Electronic Beast™ we talked
about Squee and about Boolean alge-
bra, and introduced the ideas and

rules of Boolean algebra. We said that
Boolean algebra had a number of im-
portant applications in the design and
simplification of circuits, and that it
was used in the design of Squee and
proved very useful. Some of the use of
Boolean algebra in the design of Squee
will be given in this article; but un-
fortunately there will be no space here
to give all the construction information
for Squee. However, we ghall be glad to
try to help any reader who wants to
learn abont or construet Squee (or
other small robots).

What is Boolean algebra?

In the last article we gave three
interpretations of Boolean algebra:
claszes of things:; factors of a number
such as 30; and relations of contacts of
gwitches or relays, as shown again in
Fig. 1 here.

What are a, b, and c in Fig. 17 They
are not actually contacts or wires; they
stand for states, conditions, or reports
about eontacts or wires, They stand for
reports such as “Current flowing” or
“No current flowing." They always have
just one out of two values, such as yes
or no, all or nothing, true or false, 1 or
f. They are called binary wvariables,
variables which have only two values.
Any letter labeling a contact or a wire
has the value 1 if its contact iz ener-
gized or closed or if its wire iz carrying
current. Tt has the value 0 if its con-
tact is open or not energized, or if its
wire is not earrying current. Contaets
are always drawn in the unenergized
{double-contact relays) or open (single-
contact relays) position. This is re-
ferred to as the “‘not” position and is
written a’, b/, ete.

The algebra of 1 and 0

This leads us to a fourth interpreta-
fion of Boolean algebra that is most
fmportant for our purposes, This is the
algebra of propositions or statements.
Suppose that P, Q, R stand for proposi-
tions or statements such as “Motor A
= on,"” "Photocell B registers light,”
“Relay C i= energized,” ete. Let T(...),
where the space is filled with a
statement, staad for the “truth value
of ...," eqoal to 1 if the statement is
‘true and 0 if the statement iz false,
Then the 1's and 0's of truth values are
Boolean algebra,

We write T(P) = p, T(Q) = q,
T(R) = r. In other words, a convenient
reviation for the truth value of a
tement represented by a capital let-

is the corresponding small letter.
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Now it can easily be shown that the
following rules hold ;
T(PAxD Q) =p-*q
T(FoRQ)=pvg=p+g-pq
T(NOT-P)=p'=1-p

In the form of tables, we can list all
the cases:

1 11 111

Pa{p*a nq;pvq!p+q-rna plpill-p
ool o ool 0 lo4+0-0 ol | 1
01| 0 01l 1 [0 4+1-D 1o | 0
1 @ O 1 4f 1 I =+ =10
1 1] 1 11l 1 |1 +1-1

How do we convinee ourselves of
these tables and formulas? Let us first
ask “When iz the statement P AND Q
true?” Now we know from our use of
AND that this is only true if P is true
(p=1) and QQ is true (g == 1). The
table shows 1 for p * q only in that case.
That iz what we mean by AND when we
put it between statements.

By OR we ordinarily mean “,.,.0R...
OR BOTH." Sometimes we mean OR ELSE!
but in the connection of =zwitch and
relay contacts in parallel and often else-
where, the inelusive-oR i3 more useful
than the exclusive-oR. The table above
shows 1 for p v q when one or the other
or hoth of p and q is 1.

By noT we mean that when P is true,
woT-P is false, and when P i3 false,
NOT-I' i3 true. And this relationship the
table of p and p’ accurately summarizes,

As we see in the tables, we can easily
write down formulas of ordinary ele-
mentary algebra using plus, minus,
times, 1, 0, which will do the same work
as Boolean formulas. In faet Anp and
TIMES are indistinguishable. The alge-
bra formulas pvq = p + q-pq and p’
= 1 — p are interesting and occasionally
useful, but most of the time the opera-
tors v (or) and / (not) of Boolean alge-
bra are more compact and fit more
neatly with the expresszion of eircuits,

Interpreting rectifiers

But there are many other types of
cireuit elements and other mechanisms
that have just two atates, on and off,
clozed or open, moved to one side or
moved to the other, positioned forward
or positioned back. And it is easy, logi-
cal, and efficient to represent these two-
fold conditions by Boolean algebra also.
Each mew type of element leads to
ancther interpretation of Boolean
algebra.

For example, a fifth interpretation of
Doolean algebra is in terms of reclifiers
(see Fig. 2). Under the term rectifiers
we include vacuum tube diodes, ger-
manium and selenium crystal diodes,
ete., any ecircuit element in which
current flows in one direction only,

— I5s

In Fig. 2. 0 represents “low voltage”
and 1 represents “high voltage.” In the
OR circuit, the ontput line ¢ will have a
high voltage if and only if either a or
b or both have a high voltage, becanse
then the potential drop will be all across
resistor R. In the AnD cirenit, the output
line ¢.will have a high voltage if and
only 1f both a and b are at a high volt-
age; for only in that case is Lhere no
drop across the resistor.

There ie no direct ropresentation of
NOT-p using rectifiers; but if the inputs
to a rectifier network inelude all the

ablc

CONTACTEIN An (A

00 |0

I' i“ R ok

I I 1ol

c=avh HRR

ablic

. g Sofd

: AND HI g
‘—.ul*b

B

PeliRALAL LY 0/l

110

CLOSED
5 SEOE OF A CONTALT
i NOT
=3 "

Fig. 1—Basic switch or relay cirenit
relalions expressing Boolean algebra,

a b ablc
ik

R I
e 100

5 1]

3 B able
0|0

n i 0l|0

AND 100

taash 1l

¢=4"2NO DIRECT REPRESENTATION
Fig. 2—Boolean relations in rectifiers.

Fig. 3—How triodes fit into the picture.
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binary variables needed, &, b, ..., and
their individual negatives, l" AN
then the rectifier nétwork can :riald all
Boolean funetions needed.

A good example of the use of Boolean
algebra in a rectifier network to change
one set of signals into another set of
signals is given in Part 12 of the series
“Constructing Electric Brains,” by
Herkeley and Jensen, appearing in the
September, 1951, issue of RaDID-
ELECTRONICS, pp. 45-46.

Interpretation of friodes

A sgixth interpretation of Boolean
algebra is in terms of triodes (see Fig,
2). Fig. 3-a is a triode with a signal a
on the grid, and a signal ¢ on the plate.
Il the voltage of the grid is high
(a==1), the tube will conduct and the
voltage of the plate will be low (¢ = D).
If the wollage of the grid is low
(a — 0}, the tube will not conduct and
the voltage of the plate will be high
(e = 1), The cireuit expresses ¢ = a/,

In Fig. 3-h, we have two triodes with
the cathodes connected. 1f the voltage
on both grids is low (a = 0, b = 0),
then neither tube will conduct, and the
valtage of the cathodes will be low
{¢c = 0). In the other three cases, the

<SR

3 RELAYS
STORING II"I_IIHIRH.!T?IIJH

CRCUIT TOWEE SIMPLIFIED 'T
W'

¢

voltage of the cathodes will be high
(e = 1). The circuit expresses c=a v b.
In Fig. 8-c, we have two triodes with
the plates connected. The voltage on
the plates will be high {(e¢=1) if and
only if the voltage on both grids is low
{a=0, b=0). The table shows the
situation. What is the equation for e?
There iz a useful, general rule of
Boolean algebra (which we shall call
general rule No. 1) that we can use:

1. Suppose we have a complete table
of 1's and 0’z showing the behavior
of some bhinarv variables.

2, Suppose v iz the dependent vari-
able and a, b, ¢, ..., are the inde-
pendent variables,

3. Note all the cazes where y = 1.

4. If any independent variable a = 0,
write a’; if any independent
variable b = 1, write b.

5. For cach case, associate a’, b, ...,
with AND.

6., For all the cases, associate them
with OR.

For example, suppose we have the
following tahle:

2 L ¥
3
W'y n'“"n i
4 Wy
[ irvnly'=oy'y rr1—'[ iwva'iy=wyvry
===y 'y vury’
. 4
—k_’—-‘ Fz
2 ﬁr‘ﬂ!’-'m
e h"'l: r'ﬂ'
A T 7
u ey v Ayl w'ny’
2 lry” v X'y n'e’y ——t—
10 YWy
I wj vy vwy vy a v ey W
12 Wy ¥ Wy ys ey
13 CYEyy ey s Y Ea YNy
7 4
THE SIMPLIFIED CIRCLIT

du*i

o

wl_h} WJ”' |

tadsh

daac’y be nl-

e +

Fig. 1—Example of how circuits can be simplified with the help of Boolean algebra.

00 < o 1 da 08 bo g
kel |
el el = B == I e T = e
o — T R
(=R — = N ol =1

Now ¥y = 1 in two cases: case 2 where
a=10,b=0,¢c=1, and case 7 where
a=1,bh=1, c¢=10, Applying the rule,
v=a'bcvabe

The present instance is Fig. 3-C, and
we have:

¢c=a'+b = (not-a and (not-b)

In ordinary English, ¢ here equals
“neither a nor b.”

How do we connect triodes to get a
AND b? In Fig. 3-d, a manner of con-
nection is shown. The outputs of the two
upper triodes have to be negated in the
two lower triodes (plate-connected) in
orderto give ¢ = a « h. Obviously, there-
fore, if we are using triodes and want
to economize, we should prefer to work
with OR and NEITHER-NOR relations, in-
stead of OR and AND relations,

Enough has been said, perhaps, to
show that many different kinds of cir-
cunit elements may be used to express
AND, OR, NOT, EXCEPT, and other relations
of Boolean algebra, For example, pen-
todes could be used to represent rela-
tions of Boolean alpebra. Bul how can
Boolean algebra simplify circuitz?

Let us now take an example of a eir-
cuit and its simplification using Boolean
algebra.

Suppose we have the eirenit shown
in Fig. 4-b, which energizes relay £ by
means of contacts of relays W, X, and Y
shown in 4-a. QOur problem is to simplify
thias eirenit,

Looking at 4-b, we see seven (btwo-
way) relay contacts in this eireuit, and
six wire connections, This makes a total
of thirteen events that modify informa-
tion carried in the wires of the circuit.
Wherever there is an event of thia type,
the effect on the information iz a Bool-
ean algebra operation, as may be seen
in the isolated examples shown in Fig.
4-d, 4-e, and 4-f. In either the forking
contact of 4-d or the associating con-
tact of 4-e, change in the position of the
armature may change the information
in the output. In the junction of Fig.
4-f, changing the input from one con-
duetor to the other is the “event™ which
changes the information in the output.

B0 we go back to 4-b, and draw blue
lines across the cireuit, in such a way
as to izolate each event, from No. 1 to
No. 13. Now we go down through the
circuit, calculating the information
which is in each wire of the network.
Event 1 is the contact w; hence the
right-hand output wire contains w
(contact actuated), and the left-hand
one not-w, or w' (contact not actuated).
Event 2 is the contact x. Hence the
right-hand output wire eontains wx and
the left-hand one wx/. Event 8 is a join.
Hence the output wire contains w' v
wx’, which reduces to w' v x/, by Boolean
algebra. This modifies the information

RADIO-ELECTRONICS for



B the incoming wires, but in this pres-
£ type of case, where we want to eal-
» what information energizes the
Hay W at the bottom of the diagram,
| s not necessary to go back and modi-
§ the deseriptions of information in
be earlier wires. There are, however,
peuits where this step is necessary—
is the problem of “back-circuits."
And so we may go through the whole
stwork, at each event computing the
formation in cach output wire, and
sally after event 13 reach the wire
Rich energizes relay Z. The expression
ir the information in this wire is
wy v wxy' v X' v wxy
(i Eim]:lliﬁﬂﬁ- into
wyYyX vy
igs expression of course represents a
simple eircuit, of three contacts
p parallel, and is shown in Fig. 4-c.
he circuit of 4-b (provided the econ-
ets have the functions expressed by
labels) reduces to the cireuit of 4-c.
e process we have illustrated here
£ a powerful, general method, and ean
applied in many kinds of situations,

alé of circuit design

‘Boolean algebre may be used in more

mys than just simplifying circuits. It

@y for example be used in the design

 girenits, because it can express the

Eres-no” elements in the word language
gscribing the problem, just as well as

¢ can express the yes-no elements in
2 glectrieal language describing the

sechanism,

‘For an example, let's take the prob-
y of designing the circuits for con-

wiling the steering of Squee,

. Associating semsotions and behavier
We can work through this problem
stapes. The first stage is associating

sensations of Squee with Sguee’s
shavior.

"The sensations of Squee for steering

urposes are those that are derived
sm the two phototubes, the “right

and the “left eye.” In this first
age of the problem, we shall ignore
stinctions about kind of light, a.c. or
le. 8o, let R equal the truth value of

Squec’s right eye sees light,” and let
equal the truth value of “Squee’s left

ge sces light.”

" The behavior of Sgquee for steering

arposes consists of three states: steer-

3¢ clockwise, steering ecounterclockwise,
nd no steering at all. Let:

C equal the truth value of “Squee is
teering clockwise,”

' UJ equal the truth value of “Squee is

jeering counterclockwise,” and

"N equal the truth value of “Squee i3
t steering.”

lquee must choose between these three

inds of behavior depending on Squee's
psations, How do we associate be-
wior with sensations? In Fig. b we

the various cases displayed; and we
in see what we want to arrange. This
summarized in the following table:

e

Using our general rale Na. 1, we
have:

C — R'L’ v RL’ which reduces to L',

U = R'L, and

N = RL.
Translating these equations into words:
Squee should steer clockwise when the
left eye does not see light; Squee should
stear counterclockwise when the left
eye sees light but the right eye does
not see light; and Squee should not steer
at all when both eyes see light.

Suppose that we had relays corre-
sponding to C sateering clockwise, U
steering counterclockwise, and N no
steering, the schematic for the behavior
of Sguee would be as in Fig. 6.
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Fig. 5—The sensation cireuits of Squee.
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b. Associating behavior and action

But Squee docs not have “acting oI-
gans” corresponding directly to the
three states of behavior. Instead, Squee
has a steering motor, whose normal di-
rection is sueh that Squee steers clock-
wise, and a relay, by means of which
the motor may be run in either diree-
tion. See Fig. 7. So, let X equal the
truth value of “The motor is running”
and let W egual the truth value of “The
reversing relay is energized.”

How do we associate actions X and
W with behavior C, U, NT The logical
association is shown in the following

table:

Case R L g U ‘N
1 I 0 0 1 6 1
2 0 1 g 1.0
2 1 0 1 0 0
4 e g &-1

BRUARY, 1952

B L ¢ TN X “W
0 o0 1 0 0 1 0
0.1 01 0 1 1

1 0 1 0 0 1 4

| Frt | D 0 1 0 Dorl

which expresses the conditions:

(1) The motor is running if and only
if C or U;

(2} The motor is reversed if U, and
may or may not be reversed if N.
From this table and general rule No. 1,
we obtain;

Xe=CvU=LyRL=R YL

W = either U, or U v N = either
R'L, or R'L v RL, which latter reduces
to 1. Since we may use either one of
the two expressions for W, we can of
course use the simpler one, W = L. The
gchematie eirenit that corresponds to
these equations is shown in Fig. &

¢. Taking intc occcount a.e. or d.c. light,
and homing on the nest or seeking nuls
We have proceeded thus far ignoring

the distinetion hetween a.ec. and d.c.
light, and whether Squee should be
homing on the nest, or seeking nuts.
But at this stage, we need to take the
distinetion into account, and we need
to translate the previously assumed R
and [, sensations into appropriate sen-
sations of a.c. und d.c. light depending
on Squee’s program.

The information reported by the am-
plifying eireuits attached to the photo-
cells is shown schematically in Fig. 9.

Four relays labeled Ra, Rb, La, Lh,
are energized in the plate eireuits run-
ning irom the amplifier tubes, The
labels are alzo used for truth values:

Ra: the truth value of “The right
photocell sees a.c. light™;

Rb: the truth value of “The right
photocell sees any light”;

-

Fig. 6, left—Hypothetical steering cir-
cuit. Fig. 7, right—Motor eircuitry.

Figs. 8 and 9—Diagrams of light scan-
ning and motor control circuits m Squee.

el

2

Fig. 10—Steering motor control cireuit,

La: the truth value of “The left pho-
tocell sees a.c. light";

Lb: the truth value of “The left pho-
tocell sees any light."

Looking at Fig. 9, we can see that
the amplifying eircuit does not report
divectly “the photocell sees d.c. light.”
Thisz information must be obtained in-
directly.

The H relay shown is the “program”
relay which remembers whether Equec
iz homing on the nest or seeking nuts.
If the relay is energized, Squee should
pay atlention only to a.e. light. If the
relay is not energized, Squee should pay
attention only to d.c. light, Whether or
not it ig energized depends on other
sensations of Sgoee (the. “tongue™
switch, ete.). The letter H, taken from
the first letter of “homing,” is used to
label the relay and also to stand for
the truth value of “Squee is homing on
the nest”.

Now, how do we convert the assumed
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sensations R and L that we used earlier,
into the actual sensations Ra, Rb, La,
Lb, with due regard to the program H?
We can ‘malke two tables and fill in the
cases according to our understanding of
what is to happen:

Case Ra Rb H R
1 0 0 ©O 0
2 0 1- @ 1
] 1 1 i) 1)
4 0 v 1 1 0
AR (. S S 0
6 : 1 | 1 1

Lase | La Lb H L
1 0 0 0 0
2 n 1 0 1
3 1 1 0 0
i A TR | 0
5 0 1 1 0
6 1 % 1 1

We can see from Fig. § that the case
Ra equals 1 and Rb eguals 0 is impos-
sible, and 5o it does not have to be listed,
Using general Rule 1 to summarize the
table we have:

R=Ra'-Rh-H vRa+Rb+H
L=La'*"Lb*H v La+*Lb+H
Since Ra = Rb is impossible, Ra is the

sameé as Ra « Rb, Therefore,
R=Fa'*Rb-H vRa+H
L=La"»1Lb+H v 1la+H
Now,
X=RvlL/
= (Ra'*Rb*H vRaH)'v
(La' * LbH' v La -+« H)’
Using the Boolean algebra rule;
(mkvnk')' = m'k v n'k’,
we have:
X—(Ra"*Rb)'-H v Rq'-H
v (La’+ Lb)/+ H'
via' - H
= (RavRW)H vRa'- H
v(LavIb) H vLa'-H
= (Ra v RW v Lav Lb') « I
v (Ra' v La'}H
Also,
W=L
=la'*LbH' vIla*H

We now have precisely the Boolean
gxpressions that we want, to write down
a cirenit for controlling the steering of
Squee, We obtain X by using four R
and L contaets in parallel, running te
the negative side of an H contact, and
two more R and L contacts in parallel
running to the positive side of the same
H contact. Similarly we obtain 'W. See
Fig. 10.

Thiz hbrings ns to the end of onr short
introduction to Boolean nlgebra, and its
use in the design and simplification of
circuits involving “ves” and “no" ele-
ments, We shall be glad to hear from
any reader who is interested in Boolean
alpebra or in the derign and con-
struction of small robots or computers.

—and—

BRAIN SENDS MORSE CODE

The Codetyper, a 40-tube brain which
sends perfect Morse code as the opera-
tor typea the message on standard
tyvpewrlter keys, has been announced by
N. Dorfman, New York inventor and
electroniec technician,

Electronic

FLAME

CONTROL

By THOMAS L. BARTHOLOMEW

Knowledge of flame controls

is needed for their maintain-

ance. Here is how they work.

-
411l
BATTERY

Fig. 1—Diagram of 2 (ame reclilier.

adding maintenance of new elec-
tronie devices to his work, here i3
a device that is right in line with
hia regular job. With the exception of
onie new theory, Lhis type of circuit is
generally known to most radiomen.
Electronic flame-control devices are
found where antomatie gas- or oil-fired
equipment iz used. Their function i= to
prevent the continued flow of unignited
fuel into the combustion space during
g flame or ignition failure. An addition-
al important safety function is the pre.
vention of any attempt to relight the
burner until a predetermined time has
elapsed. Thia time period allows the
fumes to escape and the combustion
chamber to be refilled with fresh air—
thus preventing an explosion.
The flame is controlled by a flame
rod or phototube connected to a twin-

FU‘R the service man interested in

triode, The tube in turn operates a relay
which—along with a timing arrange-
ment—is the basis of the whole opera-
tion.

The rectifying action of a lame elec-
trode depends first of all upon the fact
that the chemical action of combustion
results in jonizing some of the molecules
of gas. The presence of these electrieal-
ly charged particles enables the flame
to conduet & eurrvent between two elec-
trodeg in contact with it, as indicated
in Fig. 1. A steady d.c. voltage is ap-
plied aeross the flame electrode and
grounded burner, and a corresponding
direct current flows through the flame.
Fig. 1 iz a =chematie diagram intended
to suggest, in a very simple way, the
way that current flows through the
fHame. In Fig. 2-a are shown two elec-
trodes of equal size. If electrode X is
al a positive potential, and electrode Y
negative, the negative ions (free elec-
trons) will be attracted to X and posi-
tive jons (molecules positively charged
by the loss of electrons) to Y. Electrons
reaching X will be absorbed, to replace
some of those that have surged through
the external cirecuit to create the nega-
tive charge on electrode Y. Positive ions
tkat reach Y will absorb electrons from
it and thus become electrically neutral,

With the combustion process continu-
ing, and with a continuous flow of fresh-
ly ionized gases through the space be-
tween the electrodes, it is apparent that
the flow of current in the cireunit can
also be econtinuous while an electric

RADIO-ELECTRONICS for
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