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Try to beat
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$150

Penny-matching computer records your heads-or-tails play sequence and computes

its plays accordingly. Has rechargeable power supply for its 66 IC’s

by R. R. YOST

ALL WORK AND NO PLAY DESCRIBES THE LIFE OF MOST
computers, but their human designers never have seen it
that way. It wasn’t long after computers became available
that programs were written to teach them to play a good
checker game and a pretty prssable chess game.

Even these accomplishments didn’t satisfy us humans.
We’'re now busy trying to teach computers to become even
more human—to be able to adapt to and communicate
with the world around them. Clearly, computers will
someday be more than the dull work-a-day “accountants”
they now are—they will be fascinating companions for
our recreational and leisure hours.

The pint-size game computer described here is a step
toward the day when adaptive game-playing computers
will be in every home. It plays a very simple game by
adapting itself to its human opponent. Its $150 construc-

tion cost puts it within reach of hobby groups, clubs and
many individuals,

What Penniac does

Penniac plays a penny-matching game. The human
chooses heads or tails and the computer tries to guess
which it will be. If it correctly predicts the human’s
choice, the computer wins; if not, it loses and the human
wins. Simple computers to play this game are not new. Dr.
Shannon, of information-theory fame, described two such
computers built at Bell Labs back in 1953, but not until
inexpensive IC’s became available did the construction of
such a computer become feasible for a hobbyist.

Fig. 1—Complex interactions in Penniac are shown in this

simplified block diagram. Three major sections are shown in
Figs. 2—4, which should be studied with text and Fig. 1.
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The adaptive teature of Penniac is its strategy for
winning. It records the human’s play sequence and memo-
rizes his responses to each of a number of game situations.
For example, if the human plays heads, wins, plays heads
again, and wins again (a game situation), he may tend to
change to tails (his response is to change his play).

To decide what the human is going to play next, the
computer consults its situation memory to see what the
human did the last time he was in the present situation.
For each situation, it has stored an S, a C, or an R, based
on the previous play history. An S means that previously,
in that situation, the human played the same as before; C
that he changed; R that the last two times this situation
came up the human responded in different ways.

When the computer finds an R in the cell of its mem-
ory corresponding to the present situation, it makes a ran-
dom choice of heads or tails.

Penniac, being pretty simple compared to its human

FIG.
= Clock and Program Control
IC1: clock oscillator.
IC's 2, 3, 4: counter whose output states
are used to steer control pulses to proper
output terminals.

IC5a: Clock Control logic (stops clock .
after t.)). IV. H Play Register

IC5b, IC6a, b: IC12a, IC13a.

ICl15a, b

IC5a, IC16a, IC17a
Qutput 42: to memory.

opponent, can be beaten if you carefully remember what 1t
has stored in each of its memory cells. (You probably will
need pencil and paper for this.) Under this mode of play,
it will lose three out of four games on the average. If you
play completely random, so does Penniac and the result of
a large number of games is a tie. Casual impulsive playing
permits Penniac to draw ahead slowly, winning more
games than it loses. Of course, luck plays a part!

Penniac is packaged in a 3 x 4 x 5-inch box, complete
with its nickle cadmium (NiCd) batteries and their charg-
ing circuit, A counter is provided to keep track of wins
and losses. To play with Penniac, you first turn the power
on, using the switch on the right side. Then the won-
games counter and the memory must be “cleared” by
pressing the two buttons marked CLEAR TOTAL and CLEAR
MEMORY.

Clearing the counter resets it to zero from the random
count it assumes at turn-on, and clearing the memory sets

2—PROGRAM CONTROL BOARD
Outputs: X6, X7 to count Up/Down Logic.
Il. Change-Same Logic

Z1: from Test switch.

Z2,Z3: to M Play T, M display.

Y6, Y7: to display drivers, You Lose, You
Win.

Z4, Z5; from H Play selector switch.

(Z4 to positive if heads; Z5 to positive if
tails).

IX. Memory Input Logic
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RADIO-ELECTRONICS
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e Yi: t1 and t2 shift pulse to memory shift

00 3 >p 5 er). pulse steering unit.

83"'.'(%“?;,“ Output 48: to Ready display and Play X. Machine Play Logic

Y5: to gulse‘. pushbutton IC24a, b, ¢, d; IC 18¢, d;

IC10a:T, pulse driver. VIl. M Play Register I'Eggtagb ¢; IC 22b (Random Play F/F).

IC10b: T, pulse driver and inverter, IC12b Re Rut i et M Oritaiit

IC10c: T, pulse driver and inverter. Viil. Display Logic A, Rpt Inputs from Memory Ouiput se-
II.  Win-Lose Logic c o - lector.

IC21: a, b, ¢, d; 1C20 a, b. IClla, b, ¢; IC20 c, d; plus elements on Output:

Inputs: 24, 25 from H Play selector won-games counter board. Internally, to 1C12b, Machine Play regis-
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mcr22P-1c's 1,2,3,4
MC724P-1ICIT
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MC7I9P-1¢'s 7, 8,9
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Cl1, C2, C7, C9—0.33uF electrolytic
C3—0.22-4F electrolytic
C4—100-xF, electrolytic (Kemet K100 or

equiv,)
C4—100-uF, electrolytic (Kemet K100 or

equiv.) Motorola)

C8—4.7-uF, electrolytic
C10—100-xF electrolytic
C11—600-uF electrolytic

R1, R2—3300 ohms. 1/8W

R3, R4, R8, R11—10,000 ohms

R5, R27, R28, R35, R36—1000 ohms
R6—15,000 ohms

R7—22,000 ochms

R9—6800 ohms, AW

R10, R12-R19, R29, R30-R34—470 ohms
R20, R21—56 ohms, 1W

IC10, IC25—MC789P

IC17, IC51—MC724P
1C31—MC725P
1C48—MC786P

PARTS LIST

R22—5000-0hm trimmer potentiometer
R23—47 ohms
R24—4.7 chms, 1W
R25, R26, R37—2200 ohms
{ All resistors 14 W unless noted

equiv.) Semiconductors (int ircui rola)
C5, C6—2.uF, electrolytic (Kemet 2R 2uF or (integrated circuits (1C1-1C66,

IC1-IC4, IC50, IC52-1C56, IC65—MCT722P

IC5, 1C23, IC63—MC793P
IC6, IC11, IC15, IC16, IC18-IC21, 1C27, IC39,  11F-250-G/SIL)
Al capacitors & volts or more. All tantalum  1C57-1C62, IC64, IC66—MC717P ;
except C10 and C11 to conserve space.  1C7-IC9, IC26, 1C30, IC32, 1559 icac-iesnilbiitet Che i il 40-A lambs (1£3), base
IC42-1C44, IC47, IC49—MCT719P

IC12-IC14, I1C22, IC28, 1C29, IC34, IC35, IC40, i iniat
IC41, IC45, ICA6—MCT778P e L ]

Q1-Q10, Q12-Q16—2N2924 (Motorola)
Q11—2N2925 (Motorola)

D1—1N4154 diode

D2—1N4371A Zener diode (Motorola)

RECT 1—bridge rectifier MDA 920A-1 (Moto-

Cther parts
T1—6.3V, 0.6A transformer T
RY1—250-chm, 14-mA, spdt dc relay (Sigma

B1—3 1.25-volt nickel cadmium cells (G.E.)

less
S1—dpst slide switch
S$2-55—spdt, NC momentary pushbutton

S7—2-position dpdt rocker switch

MISC—perf board (0.1-inch centers), 6-lug
terminal strip, standoff terminals, 3 x 4 x
5-inch metal case, No. 32 stranded wire,
Vector type K24A pins

all cells to “R” (random). The human makes his first
choice of heads or tails by setting the PLAY SELECTOR
rocker switch to the right or left, and then enters his play
by pressing the centrally located PLAY pushbutton. Lights
come on for about 1 second to indicate what Penniac’s
play was and whether the human won or lost. The TOTAL
WON GAMEs lights also illuminate momentarily, indicating
the net games won by the human.

For example, if the human selected heads and the
computer also selected heads, the human would lose and
the ToTAL wWoN GAMES would indicate —1, meaning the
human is now one game behind. The counter is a binary
counter and the total is obtained by mentally adding to-
gether all the illuminated numbers. If the human is seven

games behind, for example, this would be indicated by —1
2 4. The counter has a range of ==63; on the count of 64
it resets to 0. After the 1-sec interval, all indicators go out
and the central play indicator (P) comes on, signifying
that the computer is ready for the next play by the hu-
man operating it.

The button marked TEST is provided to assure the
human that the computer is not cheating. Pressing this
button at any time tells you what the computer is going to
play next. You can verify that changing the play selector
switch will not affect the computer’s choice. Also, you can
verify, by holding this button down continuously, that the
computer always makes its choice just at the end of the 1-
sec display oN period, before you have made your next

FIG. 3—MEMORY BOARD

I.  Shift Pulse Steering Unit Il1. Output Selector
1C25 (driver), IC's 26, 33, 38, 44, 27, 39.
Il. Memory Inputs:
IC's 28, 29, 34, 35, 40, 41, 45, 46.

IC’s 30, 36, 42, 47, 32, 37, 43, 49, 31, 48.

X1, X2, X3:from Address register.
Y1:from Machine Play logic.

Y2:input from Change-same logic.

P: from memory clear pushbutton.

Output:

RA, RB:to Memory Input logic and Ma-
chine Play logic.
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selection.

The READ TOTAL button is provided so that you can

check the won-games counter to find out how you stand.

Table I shows the results of playing a sequence of
games. The second, third and fourth columns tell which of
its memory cells Penniac “read” from, what it read
therein, and which play number those contents were based

on. The fifth column lists Penniac’s prediction for the hu-
man’s play. Column 6 contains the human’s actual play.
These plays were chosen to illustrate how Penniac adapts
to the human’s strategy; they also illustrate what happens
when the human tries to vary his strategy so as to “fool”
Penniac. Column 7 records whether the human won or
lost and column 8 lists what Penniac wrote into the mem-
ory cell it had consulted for prediction. Column 9 contains
a “+” when Penniac correctly predicted the human’s
play, a “—" when it was fooled, and an R when it played
at random. Column 10 records games won by the human.

Of course, each game starts with the human’s play
and ends with Penniac predicting the human’s next play.
For example, after the human makes his third play, Pen-
niac writes S in cell WSL, and then consults cell LSL to
predict the human’s 4th play.

Note that in this sequence of 50 games, Penniac pre-
dicted correctly 21 times, incorrectly 11 times, and played
at random 18 times, in spite of the human’s attempts to
mislead it. At the end of the 50-game sequence the human
is down 6 games, so he was actually somewhat lucky. If he
had won only half the time that Penniac played at ran-

dom, he would have been down 10 games,

How it works

For understanding anything as complex as Penniac,
detailed schematic diagrams are not a good starting place.
Fig. 1 is a block diagram that shows how the major ele-
ments of Penniac interact.

Clock and Program Control: This unit is controlled
by the PLAY pushbutton; upon its release, a series of five
output pulses is generated. Each pulse comes out on a
different output lead. The pulses last about 0.2 msec and
are spaced at 2.5-msec intervals. Each pulse is a command
to a block-diagram element to perform its function at the
time the pulse arrives.

Counter and Count Up/Down Logic: The usual flip-
flop (F/F) counter counts up only; that is, it increases its
stored total by one for each input pulse until all stages are
holding binary 1’s. Then the next input pulse results in all
stages holding binary 0’s. However, for the net games
won, the counter must be able to count both up and
down. If it is holding a positive total, a game lost by the
human must reduce the stored count by one. On the other
hand, if it is holding a minus total, meaning the human
has lost more games than he has won, a lost game must
increase the count. The Count Up/Down logic sets a “sign”
flip-flop to the “—" or “+” state when the total is 0 and
the human loses or wins, respectively. This happens only if
the total is 0; for other values of the total the sign F/F
does not change. When the sign F/F is in its “—” state,

FIG. 4—TOTAL GAMES WON COUNTER

I. Counter flip-flop.
IC's EO. 52, 53, 54, 55, 56.

Il.  Count Up/Down Logic
IC's 57 a, b, c; 58 a, b, c; 59 a, b, c;
60 a, b, ¢; 61 a, b, ¢; IC66 a, b, c, d; IC51

c, d. Inputs:
IC65 is Sign flip-flop, IC63 a, b; IC64 a,
b, ¢, d; IC62 b are togic for driving sign

Display Logic: 1C63c; IC's 57d, 58d, 59d,
60d, 61d; IC62 a, c, d.

Inputs pulse shaping and count-inhibit
voltage generator: Q2 and IC5la,

C: Total-Clear pushbutton.

Y3: t: pulse to advance counter.

Y8: from display monostable F/F.

R: from Read-Total pushbutton.
Y5:to pulse to Count Up/Down Logic,
X6, X7: from Win/Lose logic.
Outputs:

To lamps as indicated.

Y4: 11 pulse to other circuits.

_ : Rz
i OISPLAY F
07 ve s B HERN

60, 61,62, 64, 66

|
£ !
FROM o I
CLEAR c
TOTAL W
SW : ‘
: |
2 T y |
e 1 !
COUNTER INTER-SEI |
STAGE GATES : !
{NOT IN FIG )
| {
- : { |
B+ e i i - {3 : ) ar
. 2Nesz4 DISPLAY CONTROL [ RIT = |
(Ta)¥3 GATES (NOT IN 1 4700 8 !
“FIG ) i A ) os {
LRI RIS : =i | lre = & |
: { B = 5 !
$470 1ok S 1 4700 5 |
o H 1 ‘ (FCh
@ }!cg 1 L : 1
= £ : | RI9. L
; ] 4700 - 32| !
. = | A Joic | |
‘B"-.-'fl i | =i |
R = “eNzgza ey
PULSE STRETCHER AND +— | _  From
COUNT INHIAIT - SIS DisPLAY |
REMOVER (NOT IN FIG 1) . i CONTROL
S SER P‘m%&’ g
10! DISP 4
MC7ITP - I¢'s 57,58,59, ] |

MC722P-IC's 50 , 52,
53,54, 55,56 ,65

MC724P -1c51

MC793P - 1C63

NOTE; I1C50 - 1C66~- PIN 1)
8+, PIN 4 GND

EBC

N

2N2924,2N2925

APRIL 1970

Y5 KT X6
(To) (FROM WIN/LOSE LOGIC)

|

G |

R FROM READ
TOTAL SW

t
47 {



[enuejAl DWRPY H-H

"1,006—0G, Jo 23uel
oY1 Ul ajesado pnoys suod| ‘pawrioyad aq Aew sqol jo AjalieA e jeyl os
‘901AJas Jo adAy siy} Jo} padiagaid si (sdi} pue siajesy 10) sdn} ajqesdueyd
-J19JuUl YlIM Uuod] uy ‘sjulol |etanss Jop|os Ajaaissadons 0} 9|qe 8q jsnul
} ‘Ajps1eauo) sawil Sul|p! Suo| SulINp 1eal4sAo jou 1SnW }1 ‘pasn si uodt
ue J| "a|p! sal| |00} Buliaplos By} ‘spoliad asayl Buldng "218 ‘Si8A0 pue
smaJos Sulnowed ‘sefeljon Sulpesl YHm dn uaye} SI 8w} 418y} 4o yonuw se
‘Ajjeuoisedd0 Jo Ajjuspiwasiul Suuaplos wuopad ‘uswdinba Jiedas pue
100US3|qNOJ} OUM SISU0 PUB ‘SUBIOILLDS) SIAISS pue asueualule

‘uoijesedo Buliep|os Yoes
gurnp 10| S1 YoIym jesy IsA0dal Aipidey |[im diy sy} os pausisep 8q p|noys
1ndino Jsjeay pue ssew di sy; pue aunjesadwsa} Sul|pl y3iy e aAey p|noys
di} eyl "9oueudlUIEBW JO [E3P 12018 e Suninbai noypm ‘Ajsnonuijuod
pasn pue pa1oajes aq Aew qol 8y} jo 8zis 8y} ajpuey 0} Sules Jsjeay pue
di} pe[o-uodi Yym jun Jaieay-pue-di} [ei8sjul Uy "UOIEIS YIOM a8uis e
10} Ayii3esian diy jeasd alinbal 3,useop Suusp|os uolonpoud Ajjensn

'saimedadwa)l Suiyiom a|geuns Suiueluiew
(s ejiym anuiw Jad swuiol oG se Auew se jo guiaplos 8y} mojle o}
1,008 @A0qe ajelado suodl uononpoud jsow ‘(4,001 Se mMo| se suoijesado
adinbas Aew yarym “Hiom ynoaio-pajulid se yons) suoljepl] ainjesaduwsal
-mo| yum suoijedlidde |eroads do} 1deax3 HOjWod Jojessdo wnuwixeuw
upm uononpoud pides yuwed 01 a|qissod se s|qesaAnsuew pue w3 se
aq 1snw 1| "spulol patep|os jo Ajiluioyiun ainsse 0} aouelulopiad ajgel|ad
pue jueisuod jo ajqeded pue 9|qeinp aq 8iojaI3Y} }snw |00} Sulisp|os
uononpoid y “11Ys iom e noysnoJyy uiese J9A0 pue JsA0 suonesado 3ul
-Jop|os awes sy} swiopied ueidiuyds) e ‘aul] uoiponpoad Aiojoe) e UQ
Suiiap|os JUaILLLIJUL SA SNONURIUCY

*f1oedeo a3el0)s-1e3Y
181248 910jaJoy] pue SSEW 3loW sey Yaiym ‘di} 88.e| e uey} ainjelad
-wal Jaygiy Ajjeuonodoid e je 9Pl pInoys ‘yiom 8y} o} paidde usym
fipides jesy saso| yaiym ‘diy jjews e ‘|edouad uj “A|jquesse pue uoijonp
-o4d ul se ‘Ajsnonuijuod uodi 8yl asn nok JiI uey} uojjesapisuod juepod
-wi $$3| B SI SIy} Ajjusniwisiul uoil ue ssn nok J -wuod 3uijjawl-19p|os
ay} mojaq ainjesadwsy di doip A[eleIpawiwl 3,UOM }I0M P|OJ By} 0} SUOL
-polidde juenbayy pue pides jeyy os ysnoua ysiy sq osje jsnul ‘guisn
24,n0k Jap|os 8yl jo jutod SuijjsW 3y} SA0QE |[3M aq snuw siy| "ainjessd
-wa} Sulpl pajjed sleym e sazl|iqels di ay} ‘os 40 Jnoy jjey e 1o} 3|p!

LS [ENUB[y NUWIBIY AU
‘sjuiod @soy} je uoljosuulod Jajsuely-jeay p1jos ay} mausd 0} sinu di3 auyy
uaydiyal pue uasoo| uayl |00 ung ayj 19| ‘suaddey siyj Usym ‘Apided
10 Ajises 1oy 3838 }use0p dn 8y} leyl puy ||,NOA ‘asn Bwos Jaly
ca|dwis si juawade|dal pue
anisuadxaul aJe sdi] ‘|eueieW Jejiwis pue aiseld 3os Suipno Joj ‘edAy
ape|q 1e|} B 0S|e SI 218y ] "I0M auinod Joj ‘diy |8SIY2 8y} S| UOLIWOD 15O
‘g|qe|ieAe ale sadAl |eJsAss pue 1addoo aseq Ajjensn aJe sdi} ung
"fjqWesse pue UOIONJISUOd Ul se ‘Ajjueisuod ung e 8sn jouued
nok Ing 'siaulod yiep ojul Aem anok sjys1 } 8snedaq [njesn s| (om1 aaey
sjopow @wios) ysijpods 3y} ‘os|y ‘3u1Jop|OS |EUOISEII0 JO) JUBIUSAUOD
alojalay} S| pue puejs ou sasinbai ‘(498811 2y} |ind nok 19} SpuU0dIs
G jnoge 19p|os }BW ued n) Ajpides sieay un3d y "yo sejnuiwl ¥ pue uo
anuiw T jo 8joko finp e SeY ¢ “814 Ul UMOYS BUO B} HJOM JuajILLIaUl 10}
|nyasn jsow S,}| "UaY} pue mou £Juo suoiosuuod 19p|os WSIw noA auaym
'SuIolAIeS pue uoije|j|ejsul Ul [njesn jsow s1 un3d adAl-JawLiofsuedl i
‘di3 @y} 18 s}em Qo1 40 001 saonpoud yoiym 1833143 uoljisod-omi e sey g
‘914 Ul UMOYS |apoLl 8y "juadind fiepuodas ssa| 40 1ol Suipiaoad ‘Arew
-1ud 8y} Jo SS8| JO BJow 0} 8ul| I8 8y} S108UU0D Y2dIYym Uo1IMs Je8314] uol}
-isod-|enp & 9ABY dWoS ‘syem Gge 01 001 woJ} a|qe|leAe ale suny
‘di} 8y} siesy jual
.in2 A1epuoses siUl "ysiy s! jua1nd pue Moj Si a3e}|0A Aiepuodss snyjf

"dy

ayy sypay ‘dy Fupsoplos puv ‘hiopuo \._
-0as 2y} Y3nosy) JuaLInd Y3 "und
Suwsopjos  adfip-iauiiofsunty  UOU
-woo 2y jo pnond JNSvg—E i

JVA
L1l

dil 938 14d

iy

HOLIMS

H399141
-auo Ajuo sey Aiepuodss ayi 3|iym sudni fuew sey Arewnd 8y jeys o1}
-ON "8ulj 9B 8y} 0} Paoauuod sl frewnd Jawiojsued) 8y} ‘188143 au} ||nd
noA uaypy "und adAj-1swiiojsuedy Yy JO 211BWaYIS 8y} SMOYS € ‘314

~ 23 2 G
E gz 8uc
sk =
L0 4548 BoRW § . o2= o=B
2EEe YEceg SZ &8s oY pEQ 288 i
.= wn = —_—
=haaT EE 3 o o0 % + + o = @ © il 2= g4 o
LR g8 wegs g3°8 o L o oL =R e LSRR > NERZ OWMR =
B 8B Bagy gL J J = c &
Soro 89 w'> 0 % \ ) L.__ 0w = o
£ B o= 8553 cxo2 =8
St T
Waﬂ%;.m JmEx S AvS Tc ¢ o e Sy c
% 28 Re 8 $ Ng ya wE 5 o O
= = Pl 0 ¥ L2 e..lmuO R
E4dRg Ear =S5 =3 L s+ 0 e
UOSeof “xmp g .8 : , e @ o ¥
== 2 ) = e B = a = Ewoc el )
I3) = Qa5 SR xa o = £ 0 [ClTT
£ ok 2a2% 29 gelg = & ° g c SE.2 ws
3 ] = = < - = Py
nwmmm mﬂsa =2 m_m S = n uw mmw 5 LT T X3
BE7 A2 . 80 1 Bl = ¢ 8 3+ 8 e 253 .3T
() : o8 B =
2823 B=g B— = 0 o SR o ==
Howwg == 2 2w o X b-apA o ld m 3 g R, o
wn_.wmauoww.r e < = it = Y] emom >0
B e " = — v © —
@ EC-Ex 5 2o 5 = ol () . 2% aa
Zoees e e O € c - 2 = @ = oS O
.nl.attO..[P.a e o o~ 0 =i r— (11} oo Q
5598 2R2 #2= aZ g & = peexs O
o RRER® T= L = na =< . k! == et
Q- oo o w ;= ) ot 4 L = o & =
mamoum.mh,eﬁﬁd.mf @< 3 » ) wee ~ o
pleBESfaufRsy 10 £ 388 Joims . BEE ST
E8p82ofES— "G4 M AP = - < 00O T
55875 gL 8 @ Moz N z @ 5o S°
. . L -4
Taggodaglas Sy oo « © CT ~ 0 EL Ew
mmmm.a .W.m mlmw..h & i (o] Mm.l
o < - 0 )
288 _ g8 89ad3 o 2(0) 5 bidJu: 85=2° T
Skw«.‘nnuaWktraMo:m =& S - 2 - Do — =
—_— . o e == T )
55 °8 FEFE 23 < H m__n_ i " e 8E: 27
f o= s a
ETEE 3E2EE 28 g | g _ T 25°¢ 03
>3 5£: E w oo >
Rm.lm = 5 o8 e
LegEm PP owem.E DA 2 y—0— | c T+ o O
58808 L 2 E~.d oo o (= e
8@ " m RBLEmR™ wiEg o~ = w3 0 =
gaec ittt [ Bk 5 =" =3%% 5t
ol BiSe e fam 2 B 5 3 |= . > c 8o
e 5 = =] T = h=] o .2 o = 40 < ~ 0 “= flgest
8 5 o 059 g o 9.= o] o = £ e-&l.lo O O
s Rge” =il c?E i = 3 3 » = o e = o
2008 o © = = Mo ———— —————— = n_ 0 = o o
522358 P oMo > & e a ~ O+« g= Q4
t.lWOh Wﬂpwhn&v “mo CLT m o, e o < o= 975 w 8
Homob 2883  BE, Ll 8 = =Y e 2 oo
; s 5 = +] T O
Sk g SFa So hil——s 2(0) o
m g m.l m m ‘m e 2o m.ﬂm oG -.lﬂu__ ~ 8 |+ AAA—S- 3 md = O ¢
E52965 ATESS s e g2 2N@ co> (2= 0x ) C 2w 0
o sl A T T L - 5T, | o . D =5.% £3
o o 5 SR 3} ) It e O =
98288 sET3yTE Fau iy S 1(0)) z [oo x 0 3= B
[ R~ e _ o BOE e B A a e o = = 3 ) L = > O
Hoaw s w BL | D © - zZ2 |0l & 3 2 = = = 2 o
= 20 0 m”.mrahbw - Q= [ 2 i @ o < o = 0O o
bSCdamenC - £94. | o = © X lw nmuly o]
2280855 mES2E 258 S 5 _ — Ak e s
w20 ® . =& ET G m v o
] =] [%5] o = » w0 i .
“E5E-FET5EE, 858 & 8 L =) S =l e
e« g 2 xaom EEY =] o nx - = < LEx-c.2 3 5
gm lm.l.lttona a93 M_I o o 2 - T o5
oEgoasmw T g8 S SO I e o Toj T s 20c Q35
SREEETE2ELCE £g® P— 2L, 27
) L= o w -—
ol o5 A9 E Pogo cC-co<_c
waemm“mhsuke £ ,omW 2 o
dtm B...ﬂu....n.._se‘ﬂ £ — o = e.MO
/aa.nYhSpt htd = _ Uce [} o
e M Sy g =g ellE 2024 &
5 = SVVD < Q e?_t .mlnreus
oS iagg8egdss 8T 0= 0500
22l PEAD L O % Afs L. Y 2L EZE>D
! a 5} [ 3] =
BESa _ om .2 wa | =5 24 { lof=la & '@ o o T 0 Rl 0Txxa
C.wt o @ -.S..wenbt snm Aw N ~N
EEmego iLeES g.e <] >Z 2
282 52 SS9 M5 B I
S 28 &S L3S 8 ko = =3
Fa

erence Manual. The cost is $1.00, postpaid. Order from N. Estrada, 17 Slate Lane, Central

Islip, LI, N.Y. 11722.




$150 GAME COMPUTER
(continued from page 48)

outputs determine which memory situation cell shall have
new information written into it.

[a]
Bl |2
= b | w
«B1312(8| |B|E| oz
.|oo || (F oz gf
2 8z |29 g% |2 x2|8|x=
¥olo(a g3 |5 2|8 (%%

183152 |ala]l@8 |62

2| <3 |[=| 3 |a|x|xz|=| B |Z3Z| REMARKS

1 2 R| O|T|H|W|2|R 1

2 2 R O|H H|L|S|R 0

3| WSL | R O|H|H|L[S|R [—1

4 | LSL R O|T|H|W[|S5|R 0

5| LSW [ R O/H|H|L|S|R |—1

6| WSL | S 3/ H|H|L|S |+ |—2

7l |s| 4|H|H|L S|+ [—3

8 | LSL S Z|H|T|WR|—|—2 H changes strategy

olcw |[R| o|H T| W/ s|RrR [—1 fo play tails,
10 | WSW| R O|H|T|W| S|R 0]

1T1|wWsw| s |10|T|T|L|S|H|—1

12| WSL | § & | T[T L[S = —=2

13 | LSL R 8 HIT W S|R |—1

14 | LSW | § S Tl | L |S | |=2

15| WSL. [ S| 12| F| T |L S| |3

16 | LSL S| 13| T|H|W|R|— |—2| Hchangesstrategy
17 | LCW | S @/H|H|L|S| 4+ |—3 to all Heads.
18| WSL |S|15|H|H|L|S]|+ [—4

19 | LSL S |13 | Hi [WHGE. | S | == | =5
20 | LSL S| 19| H|T|W[R| — |—4| H beginsstrategy
21| LCW | S| 17| T|H|W[R|—|—3 of alternate H & T,
22 | WCW/| R O/ H|T|W C|R |—2
23 | wew|l c|22 |H|H|L|c| + |-3
24 | WCL | R O|H|T|W C|R |—2
25| ICW |R|{21|H/ H|L|C|R |—3
26 | WCL | C|24 | T | T|L|C|+ |—4
27 [P LCL R O/ H|T|W S|R |[—3 H decides
28 | LISW (S| 14| T|(T|L|S|H [—4 to play all T's.
29 [CWsL Ihsi 18 [T i | LS| ) =5
30 | LSL R|20 | T|H|[W|C|R |—4 H switches
31| LCW | C| 25| T|H| W/ R| — |—3 to all H's.
32| WSW|(S |11 |H|H|L|S|[H4 [—4
33 | WSL | S |29 | H|H|L|S|+ [—5
34 | LSL G 3O IET R (Ve = |=5 H switches to
35| LCL $|27 | T|H|W| R| — |—5| astrategy of changing
36| LCW [R|31| T|H|W S|R [—4 if he loses, playing
37 | WSW| S |32 |H|H|L |S|4 |—5 same if he wins,
38| WSL |S|33|(H|T|W/ R|— |—4
9| lCW | S |36 | T|T|L|S|+|—5
40 | WSL |R|38|H|H|L|C|R |—6
41 | LCL RI35S|T|T|L|C|R |[—7
42 | LCL C| 41| H|T|W|R| — |—6| H switches to strategy
43 | LSW | S |28 | T | H| W| R | — |—35 | of changing if he wins,
44 | WCW| C | 23 | T|T|L | C| 4+ [—6 |playing sameif he
45 | WCL | C| 26 |H| T | W|R| — |—5 loses.
46 | LSW |R |43 [T|H|W|[C|R |[—4
47 \wWew| Cc| 44 | T |T|L|C|+|[—5
48 | WCL | R |45 (T |T|L|[S|R |[—6
49 | LSL G 84 H T | WR = =8
50| LSW | C|46 | H|H|L|[C|+ |—6

C—Change, H—Heads, T—Tails
L—(Lose), S—(Play Same), W—Win, R—Random,
21 -+, 11—, 18 Random

Memory: The memory consists of eight two-stage
shift registers. If the two F/F’s in a cell are storing 0-0,
this corresponds to storing an S; if 1-1, a C; and if 0-1 or
1-0, an R. All the left-hand stages are continuously sam-
pling the output of the Same/Change logic, but which cell
receives the shift pulses that cause the cell contents to
change is determined by the Shift-Pulse steering unit. Sim-
ilarly, both stages of a cell corresponding to the address in
the Memory Address go through the output selector to the

72

Memory Input and Machine Play logics.

Memory Input Logic: This unit assures that a single
game will change the contents of a cell holding on R fo an
S or a C. If a shift register holds 0—-1 (R), shifting in a
single 1 would result in the register holding 1-0 (still R),
as the 0 would shift from the left to the right stage. Thus
fwo shift pulses are applied in this case, as well as in the
case where it is desired to change 1-0 to 0-0.

Machine Play Logic: This unit uses outputs from the
memory, from the first stage of the H Play register, and
from a Random Play flip-flop, to compute the machine’s
next play. If the memory holds an R, the Random Play
F/F, which is continually changing state at over 100 times
per second, is connected to this unit’s output. The state
that happens to be present at the end of the display illumi-

(continued on page 75)

Fig. 6—Arrangement of the 66 IC’s and other components on
three perf boards. This permits most compact circuit layout.
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RADIO-ELECTRONICS

“SYNCRO SLIDE”
Adds Sound To Your
Slide Show

Low-cost silicon controlled switch advances slide
projector from taped sync pulses on a stereo channel

By PHILIP BLAIRE

MUCH THAT’S GOOD IN A GOOD SLIDE
show is in the showing. Use a little
showmanship and your friends will greet
your slide shows with real enthusiasm
rather than dutiful politeness.

The Syncro-Slide will help you with
the showmanship. For less than $10 this
handy little solid-state device lets your
stereo tape recorder control your sole-
noid-actuated slide projector.

The Syncro-Slide is designed
around a very sensitive but inexpensive
silicon controlled switch (General Elec-
tric 3N84) and a dc relay. The SCS,
when used in an ac circuit like this one,
conducts only when the anode and
cathode are forward-biased and a posi-
tive voltage is applied to the cathode

gate.” The high gate-firing sensitivity of
the 3N84 eliminates the need for am-
plifying control signal. The rectifying
characteristic of the SCS eliminates the
need for a de power supply. With those
two circuits gone, the Syncro-Slide is
about as simple and cheap to build as
anyone could wish.

Fig. 1 is a diagram of the Syncro-
Slide circuit. An ac signal of 0.6 volt
applied to input jack J1 is rectified by
D1, filtered by C1 and applied through
R1 to the cathode gate of the SCS. This
positive voltage turns the SCS on. Once
on, the SCS rectifies the ac voltage sup-
plied by T1. The resulting direct current
actuates the relay, which in turn triggers

(turn page)

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Yalue Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronle Values. Credit plan available.

NAME
ADDRESS.
CITY. STATE.
GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

O0LSON ELECTRONICS

Dept. LD 260 S. Forge Street
Akron, Ohio 44308

Circle 24 on reader service card

( TWO NEW BELL RINGERS
FROM DELTA

D EI.TAI.ERT .Your night watch-

man for pennies a month!

Delta introduces its all new ultra-
sonic silent sentry, the total motion
detection, intrusion and monitoring
alert system. The system plugs into
any wall outlet. It also features vari-
able sensitivity control and adjust-
able timing which provides the
most advanced sentry system on the
market.

SPECIFICATIONS:

Ultrasonic Frequency: 35 KHZ &
Area Coverage: 15-30 feet (depend-
ing on shape of area) 4 Controls:
On-Off Switch; Built in Timer; Vari-
able Sensmwty Control 2 Output:
110-130V at 1 Amp. * Power Requirements: 110-130V,
60 HzAC ~ Dimensions: 10%"W x 3%"H x 3%4"D 2 Com-

finish. $
For Complete Unit, Ready to Use.......... ONLY 5 ppd

K DELTA PRODUGTS, INC.

P.O. BOX 1147 « GRAND JUNCTION, COLORADO 81501
PHONE: (303) 242-9000

plete with 110-130V Drop Cord 2 Walnut deﬁgner'

car like a pro.

Delta's new concept in automotive tune-
up, The High Volt Analyst, is a unique and
complete auto analyzer which provides
all the primary advantages of a scope and
is completely portable,

| SPECIFICATIONS:

Accuracy — Tachometer +2% of full
scale (all ranges) * Dwell Meter
*+1% (both ranges) + OHMS Scale
+5% -+ Low Voltage +2% of full
scale » High Voltage +5% of full scale &
General—Fully protected meter circuit* « Size:
.. 6%2"W x 8"H x 3%2"D - Weight: 3% Ibs. » Ranges
—DC Volts 0-15V, 15KV and 45KV = OHMS: 0-1
Meg. (10K center scale) » Dwell: 4, Eandacylmders * Tachometer:

0-1500 RPM, 6000 RPM $ $
79 ppd / PPd

*Batteries (8 Type AA cells) included,
Assemblied Kit Form

Comes complete with standard lead set,
aspecial probe, and high tension lead.

|
: DELTA Please send me literature immediately.
i I am enclosing § for items checked.
I [0 DELTALERT

I [J High Volt Analyst, Assembled
I O High Volt Analyst, Kit form
: Please ship immediately.

|

I

i

|

I

Name

Address

City / State Zip

Circle 17 on reader service card

APRIL 1970

HIGH VOLT ANALYST tune yh




the slide projector. When the positive
voltage is removed from the cathode
gate, the SCS will turn off as the supply
voltage from T swings through zero.

C2 smooths the pulsating dc flowing
through the relay and prevents chatter,
D2 surpresses inductive transients that
could damage the SCS. These transients
occur when the magnetic field around
the relay coil collapses.

Resistors R2 and R3 forms a volt-
age-dividing network which is interrupt-
ed by switch S. When 8 is closed, a 1-
volt 60-Hz signal appears at J1 and D1.
This signal is used for recording sync
tones on the tape recorder. It also trig-

gers the SCS into conduction.

A double-pole relay may be substi-
tuted for the single pole unit shown. A
neon light connected via the extra con-
tacts to the 117-volt line will flash each
time the relay closes.

A 3-volt Zener diode can be placed
in the gate circuit. It will protect the
SCS gate from overloads caused by ex-
cessive signal levels or leaking B+ from
the tape recorder. The maximum allow-
able gate signal is 5 volts.

One more addition you may want
to consider for your Syncro-Slide: a low-
power lamp dimmer for controlling
room illumination.

The circuit shown was laid out op
Veroboard. The Veroboard and trans-
former were mounted in the bottom of 3
plastic meter case. J1, J2 and the ac line
cord are on the back of the case.

You can get the parts for your
Syncro-Slide either at a local supply
house or through the larger mail-order
houses. A 6-volt relay and transformer
are used for the unit described here, but
12- or 24-volt devices can also be used.
Simply change the value of R2 to obtain
the proper relay voltage.

Assemble the circuit except for J1,
J2 and the SCS. With S closed you should
obtain 1 volt ac #+0.25 volt across R3,
and 1 volt dc = 0.25 volt across CI.

$150 GAME COMPUTER
(continued from page 72)

nation period is stored in the Machine Play register F/F

as the machine’s next play.

Display Control: This unit illuminates the displays
upon receipt of a trigger pulse, and turns them off after an
interval of about 1 sec. The purpose is to minimize battery
drain. It deactivates the PLAY PUSHBUTTON during the in-

he selected his play. If the cell already holds an R, the
t; pulse is applied as a shift pulse to the cell selected
by the Shift-Pulse steering unit. Regardless of what
happens at t,, the same/change response is shifted
into the cell (again, perhaps) at t..

(t.): A shift pulse is applied to all stages of the
Memory-Address register. This causes it to update to
correspond to the situation when the human will se-
lect his next play. As a result the Machine Play logic
output is determined by the human’s current play and
the contents of the memory cell corresponding to the
next situation. The output is applied to the Machine-
Play register, but is not set into that register till later.

The Display control is triggered to the ON state
and the displays are illuminated for about 1 sec, start-
ing from t,.

(t): The leading edge of the t, pulse removes a
count-inhibit voltage from the counter and the trail-
ing edge causes the counter to count up or down as

scs 3N84 e 5 5 This positive voltage should drop im- selected at t,. The reason for normally inhibiting the
'ﬁ_o..__A—.D x 5 : s : c s 3
R2 Ga A = mediately to zero when S is opened. If it counter is to prevent it from erroneously “counting
680K p 2 Ne APR C_flllgﬁ:f dlry drops slowly or not at all, shunt C1 with when the Count Up/Down interconnections are being
IN34(2) T a 1-meg resistor. shifted at t,. Shortly after the end of the t, pulse, the
sH OR EQUIV o ; count-inhibit voltage i d
e Now install the SCS. The anode- ibit voltage is restored. .
1 gate lead is not used and can be cut off. (t. + 1 second): At this time the Display Con-
} | The SCS is extremely sensitive to heat. trol returns automatically to its OFF state, causing
l | ANODE Solder it in carefully using a heat sink, the Machine Play F/F to assume the instantancous
Qe TONALS l ; i tate of the out f Machi i
SEE TEXT i GATE or use a transistor socket instead and state ol the output of the Machine Play logic and
| | cAtH o avoid soldering. reactivating the PLAY pushbutton.
GATE o Measure the circuit resistance from ;- Three NiCd cells provide energy for about 2 hours of
i3] . : : : :
Ly CATh the anode to the cathode of the SCS. Re- _ : operation. A transformer, brldge rectifier, smoothing ca-
} i 3N84 verse the ohmmeter leads and measure . pacitor and current-control resistor supply charging cur-
_________ ———— ] TERMINALS again. The resistance in one direction ! _ ~ Q3-Ql0, RIO-RI9 _ Tent at a low rate that can be continued indefinitely with-
Tsnatit o o P SR | I SR SRR LSS should approximate the relay coil re- . e e : (continued on page 83)

Follow this wiring procedure: Cut and tin wires, forming hooks

at both ends. Tin IC pin; crimp wire to pin. Touch with iron to

flow solder; inspect joint. Jumper all IC commons with No. 32

Earedwire: run B4- and B— leads to all IC's. Interconnect
oards,

sistance; in the other direction the re-
sistance should approximate the resist-
ance of D2 when it is forward-biased.
The SCS will have little effect on resist-
ance readings unless it is shorted inside
the unit.

With S closed, measure the dc volt-
age across the relay. If this voltage ex-
ceeds the rating of the relay, insert a
series of dropping resistor. If there is no
voltage, check the polarity of D2.

Install the Veroboard circuit and T

Fig. 1—Highly sensitive 3N84 silicon controlled switch is triggered by 60-Hz signal
programmed on tape and applied through J1. Relay RY advances projector.

Glever Kieps

| Test probes designed by your needs—
| Push to seize, push to release (all Kleps spring

terval, and sends a trigger pulse to the Machine Play reg-
ister F/F at the end of the interval.

With the functions of the individual blocks in mind,
the sequence of events that occur when the play button is
released can be described. The initial conditions are:

(1) The H pLAY selector switch holds the human’s

current choice of play.

= Kilen: loaded). - 3 i
g Miesg Klps - I(Dleps )10. Boathook type clamp grips wires, | in the plastic meter case. Install 1 and (2) The bl Elay Teglater h(?lds the computer's play.
| lugs, terminals, Accepts banana piug or bare | J2. Insert S in the top plate and install (3) The W/L logic output is the result of the game
| Wire lead. 434" long. $1.19 | the top plate. Your Syncro-Slide is now that is about to be played.
Kleps 20. Same, but 7" long. $1.39 4) The M ddres i i
Kleps 30. Completely flexible. Forked-tongue | ready to go to work for you. (4) ¢ Memory Address register holds the previous

two W/L results and the S/C results of the hu-

commentary about your slides on chan- man's two previous plays. This is the cell “ad-
nel 1 of your tape recorder. Use the ' dress” corresponding to the game situation for
Syncro-Slide to record sync tones on ‘l which the human has just selected a play.

gripper. Accepts banana plug or bare lead.
6" long. $1.47
Kleps 40, Completely flexible. 3-segment auto-
matic collet firmly grips wire ends, PC-board
terminals, connector pins. Accepts banana plug
or plain wire, 64" long. $2.39
Kleps 1. Economy Kleps for light line work (not
lab quality). Meshing claws. 414" [ong. $ .99
| Pruf 10, Versatile test prod. Solder connec-
tion. Molded phenolic. Doubles as scribing
tool, “Bunch’ pin fits banana jack. Phone tip.
514" long, $ .79

To prepare a control tape, record a

channel 2 at points where you want the (5) The Random Play F/F is running.

slides to change. When the PLAY BUTTON is pressed and released, the
Once your control tape is made, programer resets and then generates five pulses in se-

you are 1'eady for Completely automatic quence, applymg each to different units. The pulse times

showing, Connect J2 to your automatic . are labeled t, through t.. What happens at each pulse time

Pruf 10

Py o)
INDUSTRIES
T s )

All in red or black — specify .
For additional information, write for our com-
plete catalog of — test probes, plugs, sockets,
connectors, earphones, headsets, and minia-
ture components.

Available through your local
distributor, or write to:

RYE INDUSTRIES, INC.

129 Spencer Place, Mamaroneck, N.Y. 10543

e ] =

Circle 25 on reader service card

slide projector; connect J1 to the chan-
nel-2 output of your tape recorder. As
the tape plays, you will hear your com-
mentary from channel 1. Slides change
on each tone from channel 2.

With your best slides (only your
best, please!) arranged in an interesting
sequence and accompanied by a tape of
fast-moving commentary, appropriate
background music and subtle sound ef-
fects, your audience will sit up and take
notice! R-E

74 RADIO-ELECTRONICS

is detailed next.

(t): The human’s current play is shifted into
the H-Play register and the Same/Change logic out-
put now tells whether he played the same as the last
time or changed. Also, if the total is zero, the sign
F/F in the Count Up/Down logic is set according to
the output of the W/L logic. After t, this unit has
set the counter interconnections to count in the
proper direction. No other registers have changed.

(t), (t): At this time, the human’s current
“same/change” response is to be written into the cell
corresponding to the game situation prevailing when

APRIL 1970
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Circle 26 on reader service card
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plement consists of four 15” woofers,
four 8" mid-base, four 6" mid-range
and two 5” horn-type tweeters. Fre-
quency response: 20-20,000 Hz =+3 dB
with crossovers at 150 Hz 1,000 Hz and
4,000 Hz. Impedance: 4 ohms. Capac-
ity: 200 watts rms with 100 watts rms

per channel minimal power requirement.
Electronic network generates negative-
feedback error voltages when speaker
does not follow amplifier output and
controls speaker cone to eliminate low-
frequency distortion. Network tends to
cancel effect of frequency-sensitive net-

work at high frequencies. Control panel
carries high-frequency high and low
mid-frequency controls, phase switch,
aux amplifier jack, main input connector
for stereo, and room gain control. 51% x

364 x 20”. 250 Ib. Instant kit,
unfinished cabinet, without grille, $725.
LWE IV, walnut cabinet with wood fret
grille, $950. Marketing Dept., LWE
Div., Acoustron Corp., 2418 Bartlett
St., Houston, Tex. 77006

METAL DETECTOR, Goldseye, finds
coins, relics, gold, silver, copper and
other metals through dirt, sand, rock,
wood, water, etc. Features earphones
and loudspeaker. Fully transistorized,
operating 20 hours on 9-volt radio bat-

tery. 2 lb. Model XL, $29.95. Model
XXL, including view meter, $39.95. Su-
per power-coil to double penetration
depth of both models, $12.95. Enclose
$5 for C.0.D. Dart Electronics, PO
Box 361, Huntsville, Tex. 77340 R-E

LITERATURE

All booklets, catalogs, charts, data
sheets and other literature listed here
with a Reader’s Service number are
free for the asking. Turn fto the
Reader’s Service Card facing page 79
and circle the numbers of the ifems
you want. Then detach and mail the
card. No postage required!

SPEAKER SYSTEMS BROCHURE, “T.ffe
Sound of Excellence,” features “etectrc_mlc
suspension” speakers that provide trar{su&nl
repose, eliminate resonance, increases efficiency
5% to 10%, reduce distortion almost com]_:letely.
and adapt to any good-quality tube or solld-s-tats
amplifier or receiver. Describes ‘‘instant kits,
offering 30% savings, consisting of sound com-
ponents mounted on baffle board, completely
wired in unfinished wood enclosure. User adds
finish and grille cloth, LWE, Div. of Acoustron
Corp., 2418 Bartlett St., Houston, Tex. 77006

Circle 59 on reader service card

ELECTRO-VOICE BROCHURES  describe
speaker systems (form 1262) and component
speakers (form 1263). Speaker systems 1n_c]udc
bookshelf, console and outdoor units, amplifiers,
FM tuners and AM/FM receivers, Component
speaker brochure helps in building your own
system—listing vhf horn/drivers, mid-range horn
and driver, building block and stepup kits, cross-
overs, mixer transfofrmer, level control, 8” to 157
coaxial and 3-way speakers, super bass driver,
and music instrument speaker. Plus speaker
selection chart. Electro-Voice, Ine,, 600 Cecil St.,
Buchanan, Mich. 49107 R-E

Circle 60 on reader service card

D.C. 20037.

Two sources of filmed back issues of RADIO-ELECTRONICS are now
available, Please write the companies for further information. Micro-
film editions are available from University Microfilms, A Xerox Com-
pany, Ann Arbor, Mich. 48106. Beginning with the January, 1969,
issue, Microfiche editions are available from NCR Microcard Edi-
tions, Industrial Products Division, 901 26th St., N.W., Washington,
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famous big bargain packed section!

i{ANSAS CITY, MO. 64111

RADIO-TV
ELECTRONICS
CATALOG

TV’s, Radios, Recorders, Phonos, Amateur and CB eguipmun,l,
electronic parts, tubes and test equipment . ., . featuring B-A’s
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BURSTEIN-APPLEBEE CO.,
31992 MERCIER ST,

Il State Zip Code
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$150 GAME COMPUTER
N EW (Fonﬁuued from page 75)
out harm to the cells (see Fig. 5). Attaching the ac line

' ‘

cord starts charging automatically, About 24 hours of
charging is required to charge fully.

] When NiCd cells are series-connected, they are sub-
Ject to irreversible damage should any one cell voltage go
?o zero so that the other two cells tend to reverse-charge
it. To prevent this, a circuit is included to turn off the unit
automatically if the total battery voltage drops below
about 3.3. When the power switch is turned on, relay RY1
is pulled in by a transient pulse of current flowing into
CI1. As soon as the relay closes, voltage is applied through
Zener diode D2, and the collector current of Q11 holds the
relay closed. However, should the battery voltage drop too
low, Q11 will turn off, removing the load from the battery
except for the leakage current through C11. The circuit has
been arranged to permit the use of a compact, inexpensive,
yet sensitive, relay that is constructed with a grounded
armature. To obtain operation at close to 3.3 volts, it may
be necessary to select the resistor in series with the Zener
diode (R23), and to decrease the normally open armature
spacing to increase relay sensitivity.

Unbased lamps were mounted in a wood block with
thermoplastic cement to avoid the cost and space of sock-
ets. The lamps are rated at 4.5 volts, so should last
indefinitely. The logic elements are dual in-line plastic IC’s.
They are mounted by inserting their leads through paper-
base Bakelite circuit boards perforated on 0.1-inch centers,
The circuit boards are clamped at several places to alumi-
num mounting plates. Clamping is by wire loops passed
through plates and boards, drawn snug and soldered. The
aluminum plate carries away the heat generated by the
IC’s and conveys it to the case. Cabling permits the boards
to be slid out of the case for troubleshooting,

Notice battery cir-
cuit is completed
only when two
case halves are
joined. Position
batteries so they
will fit into the ..
second half of the
case. TO 81

R20 R2| Bl

(3 CELLS)

Board wiring was done with about 100 feet of No. 32
stranded vinyl-covered wire. Each of the more than 1000
joints was carcfully inspected for proper solder flow, ab-
sense of strain, etc. Careful and accurate wiring is a must
on this type of project because of the difficulty of finding
wiring errors and the danger of damaging the IC’s.

Logic wiring diagrams of the three circuit boards are
shown in Fig. 2-4. The remainder of the circuitry installed
in the case was included in Fig. 5. Positioning of 1C’s 1-
66 is shown in Fig, 6.

The total parts cost in early 1968 was $150, about
half of which was for the integrated circuits. This includes
everything except miscellancous mounting hardware.

All gates are NOR gates. The logic elements are
Motorola MC700P series RTL dual in-line plastic units.
Harness connections to other boards and to the box-
Mounted circuitry are denoted by circled symbols. Like
Symbols on the various diagrams are connected together.
B4 and B— connections to the IC’s are not shown., R-E

Only Admiral
gIves you

the Super-Brite
color

picture tube
with built-in
customer
satisfaction.

The exclusive
Admiral
3-year warranty.

Now Admiral offers all new Super-Brite color picture tubes
with the exclusive Admiral 3-year warranty. This industry
exclusive provides your customers with maximum satis-
faction.

Every Admiral Super-Brite color picture tube has
Admiral-engineered thermal compensation for unexcelled
color purity and the newest phosphors that give your cus-
tomers clear, bright, sharp color pictures.

Here’s another Admiral exclusive: In model 25SP22
(25AP22), our engineers have developed a vacuum de-
posited thin-metallic film on the inside of the envelope to
assure trouble-free operation and longer life.

Admiral Super-Brite service color picture tubes aren’t
rebuilts. They’re 100% brand new. From Admiral, pro-
ducers of more rectangular color picture tubg sizes than
anybody in the world—the only one with the 3-year pro-
tection you asked for,

Admiral

== Mark of Quality

Admiral Corporation warrants this picture tube to be free from defects
in malerial or workmanship for 3 years after date of sale to the consumer.

Admira]’s_ obligation is limited to supplying a suitable replacement picture
tube, This warranty is effective if the picture tube is registered with
Admiral within 10 days after date of sale to lhe consumer,
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