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Photo ,,' Hal Chamberlin's 
home built HAL·4096 
computer system, built In 
1972. This system, which 
Is stili In service handling 
10 for an IMP·16 micro· 
computer system, features 
TTL logic, a 16 bit word 
length, 16 registers, 4 K 
bytes of magnetic core 
memory (0 surplus IBM 
1620), and priority 
interrupt. 

The forst Ten Year§ of Amah~ll1Ir Computong 

If One could find a 
specific date for the birth 
of personal computing, it 

would be May 5 1966. 

64 Iw", 191U)lIYT[ Pubiluliam In( 

SolliboS 
Presidont. Amateur Computer Group of New Jorsov 
995 Chimnov Ridgo 
Springfield NJ 07081 

Most people I meet are under the mis· 
taken notion that personal computing 
started only two or three years ago, with the 
introduction of the Altair 8800 by MITS. 
Nothing could be further from the truth. 
In fact, the amateur :omputing hobby 
was then almost ten years old. 

I therefore decided to write thIs article 
to set the record straight, give credit to the 
early pioneers in this hobby and shed some 
light on the early history of microprocessors. 

If one could find" specific date for the 
birth of personal computing, it wou ld be 
May 5 1966. For it was on that date that 
Steven B Gray founded the Amateur 
Computer Society and began publishing 
a quarterly called the A CS Newsletter. 

The newsletter exchanged information 
on where to get surplus computer gear, how 
to build not too complicated circuits, where 
to get integrated circuits, tips, experiences 
and where to get help. By the end of 1966, 
the Society reported that it had over 70 
members. 

1966 also saw the publication of the first 
books on how to build a home computer. 

Typical was We 8uilt Our Own Computers 
by A B Bolt and published by Cambridge 
University Press. 

In January 1968, a survey in the ACS 
Newsletter reported that two amateurs 
had their home built systems up and 
running and that many others were actively 
working on their systems. The survey 
indic~ted that programmable memory sizes 
ranged from 4 to 8 K with Some as high 
as 20 K, .11 magnetic core of course. Tele· 
types and Flexowriters were popular for 
10. Clock speeds ranged from 500 kHz to 
1 MHz, with the average 500 kHz. Most 
used discrete transistors, and a few reported 
using those new and hard to COme by RTL 
integrated circuits. Instruction sets were 
small, ranging from 11 to 34 instructions. 
Word sizes were from four to 32 bits, with 
12 bits the typical number. Registers ranged 
from two to 11, with three most common. 

, Most reported that they had been working 
. on their machines for about two ears. 

e prt Issue a Popular Me-
chaniCS reported on ECHO IV (Electronic 
Computing Home Operator), a home built 
computer constructed by I im Sutherland. 
It had four registers, used . IS bit word, had 
8 K bytes of core memory, 18 instructions 
and a clock seed of 160 kHz. 

In December '1968 Don Tarbell (now 
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Jim Sutherland, a computer specialist a t Westinghouse 
Electric Corp., checks over the computer built at his 
suburban Pittsburgh home. After programming, the 
computer will take charge-and tell Sutherland and his 
wife what's needed in groceries, how to handle the 
household budget and even predict the weather. 

(AP Wirephoto) 

j Now., ht'S by ~y pro~rnmming it; 1 
that IS. telling it what he wants 
it to do. 

Later, the computer will take 
charge·. aml leU Sutherland and 
his wife whal to do. 

Jlouschold noolikccplng 
\1 Initially, Sutherland Is setting 

up programs to handle house· 
hold bookkeeping and to prepare 

, shopping lists . 
I He says home computers even· 
tually will: 
. ·.keep an jnventory of grocer· 
les on hand··ond tell you what 

I
to buy. . 

··keep track of faJY1i1y finan· 
ces··and tell you what luxuries 
to cut out. 

I 
··predict the weather··and teU 

you to wear an overcoat. 
··keep track of your diet··and 

tell you to layoff the booze. 
No Talking Back 

There's no talking back to the 
computer. All you can do is 
IIsten··and squirm. 

Sutherland. who dubbed his 
computer ECHO· IV for Elec· 
tronic Computer for Home Op· 
erations, says: 

"Actually, the number of 
things. ECHO·IV wlll do around 
the home is almost unlimited 

"For instance, I plan to ev~n. 
tually hook up television sets to 
the system. When my wife, RutlI. 
or one of our thrce children 
wants to leave a message for 
othc: Jn~mbcrs of lhe family. 
they 11 Simply type it into thc 
computer whieh will display the 
message OD the TV screens. " 

CouId Aid Goller 
Sutherland says a computer 

could be set up to tell a goUer 
what's wrong with his swing. 
He would swing at a stationary 

t ball, and the computer would 
" say something like: 

"You didn't keep your head 
down, you jerk. It 

COlnputers Seen as 
. Boss of Household 

. He p~edicled computer maga· 
zlnes Will be published some day 
telling about new cbaUenges and 
succcsses and pre sen tin g 
"game" problems. 

He predicts computer t:lpes 
and records will be available 
much like today's recording 
tapes and records. A person will 

By BOB VOELKER buy a tape, say lor bookkeeping, 

PITTSBURGH (AP) _ Tired ,n,.....-.' TIolother'sLftUe Uelpcr" . then program into it his own 

I h
· I II h .. personal data. 

o aVlDC peop e te you w at But they have a fiendish ey~ Suthe I d t h . 
to do? Brace yourseU .. for the on your borne .. with invasion i c t

r 
anf pu btoget er hiS 

worst. mind They'U probably sneak' ompu er ro~ 0 soletc parts 
A new commanding . voice is unde; the innocent.soundinl ~nd sW'e. equIpment borrowed 

being heard acrOSs the land. I guise of "mother's little helper. t
rom 

he stmllhOuse. He estimn· 
It's only a whisper now, But cs sue a computer is worth 
someday it micht be roaring nt Jim Sutherland, a. computer about. SLO,OOQ. 
you in your home. specialist at Westinghouse Elec·. In lime, he says,. the cost will 

It's n computer. tric Corp. , i~ 3m~ng those who be reduced ~oD6Idern~ly, He 
Nowadays computers aren't foresee the mvaslon. Malter or fe~ls people WIll start tmkerins: 

bothering you. There arc only !act. he's aiding and abetting ~Vlth home computers when the 
n relative handful around ' nnd .It ost becomes comparable to that 
they're busy doing thin!.!~ like Sutherland, 33, has built .a of ~arlY mod~l col.or tclevisio~. 
running !'teel mills and chewing !computer in the basement of hl~ T en, the lDvaSlOD starts 10 
\In mnuntnins of banking data . suburban Plum Borough home . earnest. -
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- Ptnl..(;cu.lt. Photo 

rr"lilr lim Suthprland rill'tk. hi. hnmrmnfip. ('omp",,.r. r1rmphlpr 5nlly i, Imllr;npd up Jor rain b~ "pr 
moth,.,. la.,' and Ann look ortr food. on(> oj nJOtt, !HII/cf'l/l,fd if,."u mmro,Cf'rt l)~' ~f'lf'rlil:e d"d,.e ECHO·'''. 

ECHO TO DO 600 HOllSEI.IOLl) TASKS 

Computer Carries FarnilY,Loa,d 
In Engineer's Suburban HOlne 

n" llE:O--SIS CASEY 
~II , C;CII!II' Stall Writ" 

Da~'s ot rompillng Eihopplng 115tS 
tnr trip:r;. 10 grOf('ry stOTE'S are n"ver 
over .lor Mrs. Ruth Sutherland, who 
"ill lind out pxactly what foods she 
needs h~' asking the computer her 
hushllnd buHt in their Plum Borough 
horne. 

And It you think that J:ounds 
f' l9&tlsh." get.il. load ot this : The com­
ruter. which loolt IMocuoua enough 
In thp :-:u thPTlands' basement. "1U 
kf'('p II nck of family linrcnrcs, pre· 
rl H' ! I ll,. w('ather . run dlgilnl ('ooprl 
"nm pulrr <'ltlCk~, turn tf'i('\'i sllm .It'll'> 
;t Or! r;lfhn~ on nnd ou. print l'N'lpu 
fwd ('r.nlrni th,. heHuif' \('mperaturp, 

Awl all Ihat I ~ ,1UNt 0 Ftar!. 8cl":ord, 
In,: In Jnll1r!= Sutilrrialld. 33, whose 

, fnJ11I1~ \I\ ... ~ In " 1'Ipht·lpvrl hnme at 
j .. y; !l AV t! ' 1n Drive. Suthrrland. a 
'\ .. t;, ~' ''i:h!'l 1\<:'' Ele"tric Corp, C"omru· 
" -',' ' '' \11'' (lr1 1.! 111~er, phm ... for hi~ 

'. '" "\ f!n1ul1l1y 10 PPI"ot'ln 600 , 
~.. • I .\ J" ..... · \Jo;c. 

For ,Tim, Ih,. CUmI'1I1/'r t~ Ihe culml, 
nation of a )'('Ar'~ j;.tmr o f lo\'(>. duro 
In$: which hft u ~('d rJI\" iHl!rd comJ'ul!'r 
componenh nnd Srlll l " ti me to ' '''ol'k 
on the mach nlr "J 1' 1'l r1r'd it 1ll0!itJ~' 
just as n hnbb.\ ," I l ~ m'l, "I! \\" ·)5 a 
WQy to unwind .fu · ("Imln~ home 
Irom work." 

Jim de!\I/!'Il,.rI Ih~ 4'llmpult'r Ir"", 
Icratch, makin,5r .. ' Itr ntrtllr .kpt('IU'~ 

and mO()('hhl1: flh~"I"'''' t'Clillptltrr 
('onlponp.nt~ fnlm III ~ -:ompnny. 
"ThflY wp.rfl- $;11111 tn II'ln them t o 
hH'," ht "Dlel 

The romp"lf'r. wl ,it'h ,11m duhhcd 

with the Rcr'·n) rTI f :t '110 IV I ~: I ('r. 

Il'onlc Compu l ·· .. f··\' J{ r·mp ('tprrn, ' 

lionl, slanri5 ab/lu' '>' fro,,: h't:h Rntl 

l.;\kr!' ltbolll ~,., t' I ' 1 .... '1 n ! fI "'nr ~ Pfl"f 

at ('Ine elld fI' : ",. J.,m ll\ f, ha~e 

mpnt. 
.Tim li !! ur"o:. 111.:11 I., 1" ' :': 04 '" .. .. 

.. : c:ornputrr f 'OI l"t;;PIPh • w ' I' ~ r" ,. " 

pln inrd m""ns "~Ivp. it dilC'ction& on 
\\'hO\I to fin"} will take him ah{'lul ten 
Y(>Rrs ClI \ .. 'ork In hi! spare time, 

CJOl'kf; In 'hp Sutherland hnme a1, 
I'c:.sd.\' arc se t ur to run from ihe 
rn'llpulf·r. tis does one in the lIvh1C 
loom 11 J!' a clo(,k wilhout hands or 
t nt' ('on\"f'nticmal arahic numeoral&. It 
rom i!o: [!l ... f 5elc; ot lrghl s. wlilch 1lash 
In Mnd r. f ' 

"Til,. Iml~ ('1l\lld lt~ad this bftOl 'e 
I "r:u1ar I I()cl(~," he m\J~r'rt while 
t: lanr ln~ up III II. "We hs\'f' onf' r('(;,u, ' 
la r dod; - tilat'~ In the kil t hen tHo\·c. 
so \\'1"' rOlllnn', do too much ohout it," 

.11m hM Iwo dl\ughtf"I'~. S;tljy. 6, 
Rl1 rt I\l1n. Ifl. (Inri 8 tlon. Jny. 19 
mt11llh ,:, .1 1m '!:aid hIS scm shOW1\ a 
jl("nch;ttll 11.1' {;nmpulcro:. R-; h(' plnys 
;'I I"!H!nri EC'H0 i\nrl ctri\~~ pi"cc ~ of 
\\ II"In;:: Rrr': md with him. 11 ·r. f'a:c:~' to 
IIni\:!U If ' ,l ay'"' ,\" r:'lrs I rOITl IlI)W R"k· 
I~': I ill' I qf1 1.\lI r"· if hr> r'ir II "" the 

.I { t" , :'1 ! ·'I fn ln!.: ' ''1" \ \1 1: 11'1, ron · 
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HOMEMADE PROGRAMMER'S DESK contain. koyboard, page prinlor, papor lopO punch and pClp.r tope read.r 

A Computer in the Basement? 
Jim Sutherland's home·built computer is not very sophisticated by 
today's standards-or tomorrow's. But as it takes on more tedious house­
hold tasks, it's proving what can be expected of the future home computer 

By GLENN INFIELD 

T HERE HAVE BEEN many predic­
tions that the home of tomorrow 

will be radically different from the 
home of today, because it will be run 
by a computer. But no one knew pre­
cisely what a computer could do in the 
home until Jim and Ruth Sutherland of 
Pittsburgh l Pa., designed, built and pro­
grammed IIECHO IV." ECHO means 
Electronic Computing Home Operator, 
and building it has been a family affair. 

Jim is a computer-systems design cn-

APRIL 1968 

gineer with \Vestinghousc Electric 
Corp., and his wife, Ruth. is a home 
economist. Their home-computer ven­
ture began two years ago when, as a 
hobby, Jim started buying obsolete 
computer parts and sketching logic cir­
cuit diagrams. Actual wiring of 11 
printed-circuit module mounting pan­
els began as soon as the design stage 
was completed. Within the year, ECHO 
was running simple programs but was 
limited by an inadequate input-output 
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SUTH~RLAND gO~1 Oyer Ihl! intricate wiring requirad 
to budd ECHO. Each of four unit. hOi such a ponel 

capability. To overcome that handicap 
Jim produced a programmer's desk 
consisting of a keyboard, page printer, 
paper tape punch, and paper tape read­
er in oiled walnut enclosures. 

Before the end of the second year 
what was formerly the family base­
ment playroom had been taken over by 
the home computer and its peripheral 
eqUIpment and Ruth was wondering 
"Will it replace me?" , 

She isn't worried about tills now 
since she has learned that home com~ 
puter programs must first be flow­
charted by someone who knows home­
?>",king. Flowcharts define the job 
~raphical1 'y, so that the programmer 
and the user C<1J1 understand each other. 

Usually. shortcut s and time~saving 

features show up when the flowchart is 
prepared for a Ul,k prior to translating 
It 1I1to computer hm~uage. Later. if pro­
gram revisi ons ~ I'e needed. th(" flow­
chart pl'o\'iu er- a quick re\'ie,,,' of how 
the program operates. Changes and /or 
cDr~ections in the Aowchart can easily 
b<:> 1I1serted 1l11<,! the program listin c1 of 
instructions. '=' 

The Sutherlands feel that if the 
hom t: makel' programs Sf ' !l1e of her own 
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RUTH SUTHERLAND program. computer which clin 
control tompora ture, I.t clock!, tobvlote- home bills 

tasks, she will better understand how 
the computer operates and become 
skilled in determining best household 
applications. 

Simple keyboard entry and printer 
output routines were the first ECHO 
programs the Sutherlands wrote. These 
were followed by the paper tape input 
and paper tape punching routines. Sub­
sequently these programs permitted 
other, more complicated programs to 
be entered into the computer, verified 
on the printer, and stored permanently 
on paper tape. Jim is now devoting his 
time to writing such programs as multi­
ply, divide, multiple precision add, sub­
tract, and message writer routines. 

As more jobs are loaded into ECHO , 

INPUT.OUTPUT UNITS oro mode from on el ectric 
typewriter keyboord a nd a surplus telelypa printer 

J 
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H .~ eo)'\' !lll'lll"I' .V Slol' a1.!e I'ap ac:d ," nf 
.... i f\ :! wo rds 1~1 ~\ \· he ~X c.: CI ' ("h " 1. ;:nd dwt I; 

' \ ; \ '.'!l .J1I1l ' \'III he,l! tn bud(illl ~ ~;o nw 

1I1 <1 '~ nC'tlc.:- I<1Pt · aux iliary bulk rn~mlJl'y 
lI: l!t ,:, . The computer unciel"s tnncis 18 
\' 11ll I1UlI1ds-' )!' mac.:hine language in-

t' uc.:IlCJns- w h ich call be :\rl' ;;l n~ed into 
,~. 'mpul c r pl'Ot; l'ams ancl ::; tol'ed in 
m~mory for fUlure use, Sume of the 
hu'ger progl':lITIS will be stored on paper 
tope and loaded into th~ computer 
when needed, 

No\\' that the basic routines are run­
n:ng in ECHO IV. the Sutherlands are 
plannin~ to delegate the chores of 
bookkeepinq to the computer, Tnbulat­
I :i'~ munthly hud~ets ;Jnd accounting 
:" l\' monthly expenditures is a time-con­
:-Lllning job that ECHO will reduce to 
simple end-of-the-month routine. Spe­
cifically. when April 15 rolls around. 
income-tax deductions ccm be identified 
and grouped so that tax forms can be 
filled out readily. 

One important task which ECHO 
performs reliably is the updating of the 
hour po r tion of binary-coded decimal 
clock displays found in four different 
rooms of the Sutherland home. Jim de­
signed and built the timepieces several 

\'t~; lI'S ~l L!q , :I ntI '~\'{ 'll Ihllu 4 h the clocks 
iw vc nu hands , I i:L' ch ddn' l1 il'HI'IlCJ to 
te ll 11m I.!' h\' Ihem Iwfol'C tliC'y unt1er~ 
~ lOorl I1rdLI;i\n' t: lucks, . 

ECHO \\'111 :;Ibn be programmed to 
keep track of 1'I!al time so that events 
CUll he schedult;>d up to a year in ad­
vunce with o l1 e-s~cond ~\ccuracy, Ruth 
isn't intere::i ted in running their home 
on a second-by-second schedule. but 
she feels Jim won't be able to make 
excuses about forgetting birthdays and 
anniversaries ever again. 

Ruth believes that the kitchen is 
where the computer will really perform 
well and save time in routine jobs , Reci­
pes will be increased or decreased pro­
pOl'tiunately to provide any number of 
.se r\'ings. with the necessary shopping: 
lists printed out automatically, 

"To be really effective," Jim says, 
"the computer must know how much 
and what kind of food is on hand so al­
lowances can be made in shopping 
lists. " 

Jim plans to modify the kitchen cab­
inets to allow ECHO to take inventory 
automatically, Later, as more complex 
programs are tried, the computer will 

(Please turn to paoe 209) 
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'ULAR MECHANICS 

COMPUTER IN HIS BASEMENT 
(Col1linllp.d from page 19) 

generate bulancl?d menus with specific cal­
orie :md nUlI'icnl con lent, from which the 
family enn selec t their meals in advrmcc. 

ECHO provides the Sutherlands with n 
proving ground for experimental family 
games. The Sutherland children-Ann, 11: 
Sally. 7; and Jomes Scott. 2-are looking 
forwurd to programming and playing 
games on the computer. As television dis­
plays orc added to the system, many new 
games involving logic and Slrategy will 
provide family entertainment. 

Recently Jim connected his color TV to 
a controller that will eventually ",now 
ECHO to ,-egulatc the TV schedule_ For 
instance, on a school night. the children 
might have to answer correctly some key 
questions via the keyboard before ECHO 
will switch on the set. The antenna rotator 
will also be controlled by ECHO to insure 
proper alignment of the antenna with the 
corresponding channel number entered 
through a control keyboard. This way. onc 
manual entry directs both set and antenna 
to the desired channel. 

Automatic temperaturo control 
Jim will experiment with the computer 

as a temperature-controlling device for 
the home. After interrogating weather in­
struments on the outside of the house, the 
computer will be programmed to compen­
sate for weather changes and make auto­
matic temperature and humidity adjust­
ments on the inside. Purely for his own 
interests, he hopes to use ECHO as an aid 
in short-tenn local weather prediction. 
Jim has a degree in meteorology from 
Penn Slate University, which was re­
ceived while he was on active duty as a 
weather officer in the U.S. Air Force. He 
and Ruth also hold degrees from the Uni­
versity of Missouri which Jim attended 
through a Westinghouse scholarship won 
in a National 4-H Fann and Home Electric 
contest. 

The Sutherlands are pioneers in the 
field of home computers and undoubtedly 
will discover that the best computer ap­
plications will evolve through everyday 
experiments. Although many of the uses 
planned for ECHO sound impractical nnd 
impossible, Jim notes that many of today's 
computers and their Uses would have 
sounded farfetched to people 20 years ago. 

For instance, at age 15, Jim constructed 
a model electrified farm to show various 
farm groups how they could do more work 
with the aid of electricity. "Several na­
tionnl magnzines carried stories on the 
projecti the one I value most appeared 

(Please turn to pag'e 229) 
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lor tacking window 
screening, snell papers. 
closel Ifnlnas, window 
snades, draperies, olc. 

rlfaj8iI" STAPLE 
~ ~I uW lor fastening lIihl 

Insulilllon, roollng papers, 
eloctriClJ1 wires, \'Jeillher· 
stripping, wire mesn. ele. 

~9/1tJ" STAPLE 
lor tacking melal 

lalhlng, cornerllo, wire 
fenCing, roo I coverings, in­
sulallon IIOD,d, ele. 

rsmll" STAPLE 
for latklna Hant up' 

holstery, leathereUes, cor· 
n1tOs, Quilling lor close Is, 
wall decoratIons, etc. 

~::r ~J~g~~d~r-
laymenls lor carpets, porch 
screenIng, lelt stripping, 
canvas,llberalass, elc, 
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BIG RISE OF LlTILE SINKERS 
(COltlinl,ed from ?)flOC 220) 

vi~ lbdity. howc\·pr . milrine sc icntists anel 
()th()rs with business in 1he deep ;Ire glad 
to pay s lIbs t:ln ti .d sums lo lise the 'SIna li 
subs. The Navy, fOI" Ojh'. lenses tl numbcl' 
of them for work on the devclopment of 
milit...,ry undersea t.echniques-submarine 
communication, detection :lnd WCClPOIU·Y. 
Others u'Se them ~,s wOl'kboats fo1' lImlcl'­
sea constl'uction, sW'vl!ying, s.lI \·Clge. min­
eral prospecting und inspcction of undel'­
water equipment such ClS cables . 

Daily rent $300 to $10.000 

What does it cost to hirc one"? Prices 
vary, depending on the 'Size, payload and 
depth capability, but a rough rule of 
lhumb is SI or S2 per foot of deplh. The 
smallest, shallow-diving subs I'en t for S300 
to S500 a day, but you could pay as much 
as S5000 lo 510,000 • day for the deeper­
diving vessels. 

Obviously, it's too expensive for joy­
riders, so the money goes fOI' jobs that are 
worth doing and worth risking in the 
harsh, alien, unforgiving deep seas. 

Remarkably, not one life nor one small 
sub has been lost to date. Let's hope no one 
gets overconfident. * * * 

EVERLITE' w:Dii~'SiTHRIFTlEST light Planls 

~"')"f~Y~~\O~, II~I ~~cI:l;~~~1 ~~~:DnV~~~ n'j~~!lu~! 
~trrnd"n on Iny UJlrll1 • • ;~ I)· hI ... It,nrn. 
N;\"",,"I "")' he >:v111l\'(lt,1 0" "'" lint. r.. •• lb' 
m,OIII,led for I'Irhnl~ IlIIff . ... "1! 'nl ~tn. " 0'01 
140.00 IH'\"-,n~nnw~(l n~llcnl. 
r,,",lIrlnn. 
lie,,, 1:),$ ~c. Wt. S 1111. 

APRIL 1968 

COMPUTER IN HIS BASEMENT 
(Contintwd from P<loe 209) 

in Mnrch. 19-19. in POTml(l)' Mcc1ll1nics:' 
Jim remmisces. 

In that same issue. there wns .111 nrticlc 
describing the first electronic computer 
built by Echcrt and Mauchlcy at the Uni­
versity of Pennsylvani3. One of the pre­
dictions made then wns that "Computers 
in the future might have only 1000 V~IC­
uum tubes and perhaps weigh only one 
and one-half tons." 

However, since that time. transis tors 
have replaced tubes and today's inte­
grated circuits arc replacing transistors. 
To illustrate the radici:ll reduction in size 
which has been made possible by molec­
ular electronics. one need only note thilt 
space-age computers now weigh only a 
few pounds. 

"Computers are capable of being pro­
grammed to perform important household 
tasks today, but when we look ahead 20 
years. even our wildest expecta tions will 
probably seem pale when compared to 
what ECHO, 1987 version. may be doing 
for us." One thing is certain. the Suther­
land family of Pittsburgh will know from 
firsthand experience how to get the most 
from an ECHO ugenie. II * * * 

rBriggs:,.s1 Str'attont7Clinton, 
a. ~. Ne.w ? G'as: Engine; Sale • .1I<. 

2 (or ••••• '4.10 
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a publication of the 
AMATEUR COMPUTER SOCIETY 

COMPUTER 
SURVEY 

RESULTS 

Number iii January 1968 

ACS COMPUTER SURVEY RESULTS 

Although not many ACS members sent 
in the oomputer survey forms, 
those who did are, not surprising­
ly, the furthest along with their 
machines. Two have finished. 

Memory 

Most of those who answered the 
survey are using core memory, with 
sizes ranging from 4K to 20K words; 
the majority are equally divided 
between 4K and 8K. 

One member uses a delay line for 
memory, containing 512 words. 
Another uses a delay line (2K 
bytes), drum (8K bytes) and oore 
memory (4K bytes): 4-bit bytes. 

For his small machine, one member 
uses flip-flops for memory. Anoth­
er uses punohed paper tape, having 
convinoed himself that "tape would 
eliminate the memory limit." 

Input 

Telstype is the most oommon input 
device. One member, however, uses 
a Flexowriter. Another uses punoh­
ed cards, keyboard, magnetio tape, 
paper tape, and keyboard switohes. 

Output 

Again, Teletype is the most oommon 
output devioe. Others inolude a 
Kleinsohmidt printer, paper tape 
punoh, IBM Seleotrio typewriter, 
lamps, and Nixie tubes. One member 
uses magnetic tape, paper tape, 
Seleotric typewriter, printer and 
lamps. And the member with the 
Flexowriter also uses it for output. 

Clock 

Clock speeds include lOOK, 160K, 
250K, 500K, and IMo, with one given 
as 10-100K. The average is 500K. 

Serial or Parallel 

The situation is about equally di­
Vided into thirds: one-third serial; 
one-third paral1e+; one-third com­
binations such as serial character, 
parallel bit. 

Transistor Types 

A wide range here of course. One 
uses only 2N404. Another, 2N2923, 
2N3721, 2N2711 (npn) planar. A 
third, 2N2923, 2N2926, 2N3906. A 
fourth, MPS3640, MPS3646, and 
2N3641 in oore drivers. 

Integrated-Circuit Types 

(1) uses Fairchild RTL (67¢ FF, 36¢. 
dual 2-input gate, 36¢ buffer). (2) 
Fairohild RT~ and CTpL. (3) Motor­
ola RTL (?OOP series). (4) Motorola 
and Fairchild RTL. 

Card TyPes 

None of those replying use surplus 
IBM or Univao cards, although ons 
uses surplus Westinghouse RTL NOR 
gates. Another is conai4ering Wyle 
modules. A third designs and etohes 
hie Otfn PC cards. A fourth makes 
his oards from Vector boards. A 
fifth uses Ransom, SEI and Auto­
netics oards. A sixth usee Teletype 
etched boards, with hie own circuits. 

Number of Instructions 

Generally speaking, beginning OOID-
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puter amateurs hope to use a large 
number of instructiona, from 50 to 
100. Those 'tho have gotten fairly 
well 1nto the construction use no 
more than between 11 and 34. The 
one exception is a . member who has 
spent $1,000 and two years on his 
mach1ne, and has (or has projected) 
67 instruotions. The average num­
ber, counting all those reported, 
is 44. Leaving out those over 60, 
the average is 22. 

Data-Word and Instruction Lengths 

The data-word lengths speoified 
range from 4 to 32 bits, with the 
average around 12 bits. 

The instruction lengths also range 
from 4 to 32 bits, with an average 
of about 12 bits also. 

Add Speed 

Ths range of add speeds is from 
8 ~seo to 10 mseo with in-betweens 
of n) 24 )lseo, (A) 21~ pseo, (3) 
100-600 )lseo, depending on the . 
length of the binary number, (4) 
8 )lseo for one memory referenoe, 
but circuitry ,dll operate in 1 
)lseo, (5) 30 ~seo add speed, 4 
mseo memory cycle t1me w1th a 
magnetostrict1ve delay line, (6) 
20 ~seo with one number in aocumu­
lator, 25 )lsec with both numbere 
in memory, (7) 32 psec per pair of 
de01mal dig1 t s, (8) 1 to 10 mseo. 

Number of Registers 

The range of number of regieters 
1s from 2 to 11, with 3 the most 
popular. One member has 2 memory, 
2 data, 1 op code and 6 address 
reg1sters. 

Spec1al Features 

Here are some of the special fea­
tures reported. Not all of these 
features have yet been translated 
1nto hardware; some are only in 
the planning stage, or partially 
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breadboarded. 

(1) Over 100 Sylvan1a bulbs in 
strip sockets w111 mon1tor the 
major registers, etc. CRT displays 
planned, When completed it will be 
far more versat11e than DECls 
PDP8 line. 

(2) Data-word length 16-32 bits 
(32-64 for float1ng). Plann1ng 
modular op-code decoders (i.e., 
basio repertoire plus floating 
arithmet10, hardware staok opera­
tions, eto.). Basic struoture is 
bus-oriented. 

(3) Has D/A oonverted output to 
drive motor pos1tion. Mach1ne has 
two 8-bit registers, one 15-bit 
accumulator. 

(4) Variable-length instructions, 
variable-length indireot address 
fields. 

(5) Contents of memory address zero 
and A register are swapped every 
oyole (inhibited on soms 1nstruc­
tions). Therefore one register 
serves as aocumulator and program 
oounter. l~emory address 1 serves 
as index register. 

(6) Double preoision arithmetic; 
fixed and floating-point numbers; 
link on all arithmetic registers; 
full comparator; AND, OR, Exclusivs 
OR registers for logioal computa­
tions; data bus allows bi-direction­
al transfer between any two registers. 

(7) Will use IBM 1620 software, 
modified to use USASCII code and 
to get around unimplemented in­
structions. 

Q.Q.ll 

As to "Cost so far II the range is 
from 0 to $1600, with an average 
(among those reporting a cost) of 
$660. 

For "Estimated oost when complete, n 
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the range ie from $300 to "over 
$10,000." with an average of 
$2,100. Without that "over $10,00011 

) estimate, the average is $1,100. 

Wiring 

The large majority, over 80 per­
cent, use fixed Wiring. 

How Long Working On It? 

The range of time spent so far 
ranges from "one month on the 
present model" to 4 years, with 
an average of 2 years. 

Size 

Here are some present sizes: 3-
foot relay raok; 6' x 7 I X 18 11 ; 
35" X 23 11 x 20 11 : 1 work benoh: 
1 board complete; 30 11 x 36 11 X 40 11 ; 
three 19 11 five-foot raoks; 38 11 x 
60" X 1211 & TTY. The "Estimated 
size ~lhen oomplete" is usually 
just the same. 

Education 

Most of those responding have at 
least one technioal degree, in­
cluding BSEE, MEE, BA in Math, 
PhD EE, "BA and BS and working on 
MS, II and several students. 

Beoause the great majority of 
those sending in the survey have 
technical degrees, and beoause 
those who sent it in are among 
those who have advanoed the most 
with their computers, it seems 
that lack of a technioal eduoation 
is holding baok many ACS members 
from pushing ahead with their 
machines, or perhaps from just 
getting started. Unliks amateur 
rad10, there just isn't enough 
c1rcu1t-level 1nformation avail­
able on how to bUild oomputers. 

Other Information 

(1) Presently supervising 5 Explor­
er scouts who are doing muoh of the 
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construction work, such as build­
ing PC cards. I became an Explorer 
adVisor at my company's poet to 
get more handa on the project and 
to force me to get on the ball and 
make aome progress •••• I am g01ng 
to debug the power supply transients 
and add a line filter. RTL has low 
n01se immunity and my first wired- " 
up register 1s dropping and gaining 
extra bits. 

(2) ,.,ish disks and line pr1nters 
~lere cheaper! Fortunat ely, I can 
build my own software -- assembler, 
compiler (FORTRAN and/or ALGOL) 
and operating system. 

(3) Teletype controller and memory 
ope~ational. Can preeently trans­
fer data from TTY to register to 
memory and baok. Delay-line memory 
stability problems solved -- suc­
cessfully retrieved data after 
e1ght hours. Using Si- II x 17" Vec­
torboard w1th AA pattern, strength­
ened by chrome-plated angle. Dual 
Inlines mounted by alternately 
bending pin pairs inward and out­
ward. Wiring directly soldered to 
ICe, using #22 wire with high­
temperature-resistant insulation. 

(4) This has been an evolutionary 
process without a fixed idea of 
exactly what the final product 
would be. Now I have outrun myself 
in some ways. For example, I know 
how to get back and forth from 
memory to TTY. Also, how to add 
binary numbers. I don't know how 
to turn TTY characters into binary 
numbers in any s1~ple manner. I 
would appreciate any olues you 
might have on the subject. (ANY 
MDIBERS ABLE TO HELP HIM ON THIS?) 

Intereeted in Computers Slncs ••• 

Those who put down a date gave: 
1951, 1955, 1957, 1965. Those who 
put down an age gave: 13, 14, 15, 
18, 20, 21. Those who gave the 
number of years gave 3, 3, 9 and 
17.years. 
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COMPLETED COMPUTERS 

Only two ACS members have reported I 
be1ng anywhere near complet1ng 
the1r oomputers: J 

1 

ECHO-4 

J1m sutherland's ECHO-4 computer, 
reported briefly in ACS Newsletter 
6, is 7 feet long, 1* feet deep 
and 6 feet h1gh. It took Jim a 
year to build it and will take 10 
years to program. He says the CPU 
is complete, but the input/output 
system 1s st111 growing. 

ECHO-4 uses 2N404 transistors and 
RTL NOR logic elements. The NOR 
gates I'rere used in process control 
systems built by Westinghouse 
about 8 to 10 years ago and were 
declared scrap. They are mounted 
on etohed cirou1t boards with 35-
pin Elco connectors. A total of 
120 boards were used in the entire 
system (input/output contro1 L ar1thmet10 units) but only 10 
types of boards were used, so spare 
boards do not take up much room. 

The memory unit, an Ampex 4096-RQ-
30A, oame from an obsolete process 
oontrol oomputer. Memory oyole is 
6 useo, but since the NORs require 
from 1 to 3 usec to switoh, the 
add time suffers (add speed is 216 
jlsec). 

Between instruct10n accesses, the 
memory is available as a refreshing 
buffer for a CRT display, which is 
planned but not built yet. 

Jim says a story about ECHO-4 is 
tentatively scheduled for the April 
1968 issue of pOfu1ar 14eohanics. 
He says it doesn t go into muCh 
construction detail, "but the pic­
tures should be interesting.' 

ECHO-4 has 4 fl1p-rlo~ reg1sters. 
and three (P, A and X) in core 
memory. There are 8,192 words in 
core memory, each 15 bits long. 
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Clook speed is 160 Ko. There are 
18 instructions, 4 pits long. 

Special features: one's complement 
adder with end-around carry. Over­
flow and carry designators ars 
storsd in upper two bits of Program 
counter (location 0 of core memory). 
Interrupt automatically stores P 
and takes next instruct10n from 
specified SAVE routine entry. Using 
l5-pps sync derived from real-t1me 
c10ok. One index register, and 
also ind1rect addressing, can be 
specified by setting flags in 
the 1nstruction word. 

Input: alphanumer10 keyboard, six 
control keyboards, 8-channel paper 
tape reader, 15 interrupts, 75 
contaet closures. 

Output: Kleinschmidt printer, 60 
contact closures, 8-channe1 paper 
tape punch, 4 digital clocks. 

Interconnections are wire-wrapped. 

By the way, ECHO stands for Eleo­
tron10 Computing Home Operator. 

EL-65 

Hans Ellenberger, who livee in 
Switzerland, worked a year on h1s 
computer and finished it in 1965. 
A small desk-top machine, looking 
a little like a Wang ca10u1ator 
with a separate keyboard, EL-65 
has a keyboard input and N1x1e­
tube readout. Size is 40 by 40 
by 20 centimeters. 

A serial-type computer, El-65 has 
3 registers, 30 words in flip-flop 
memory, and 15 instructions. The 
transistors are A0122 (Ar pnp ger­
manium) IIbecause of pr1ce. 1I 

Add1t1on and subtract10n times are 
1/50 second. The longest mu1t1pli­
oat1on and division times require 
1.3 seconds. In addition to these 
four basic funot1ons, EL-65 can 
also perform negative mult1plica-
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t ion, and Ilccumu1at e produ ct s. 

The coet of materia1e alone was 
1500 SWies france, which is about 
$345. Hans tried to market hie 
oomputer, oa1l1ng it IIder erete 
Sohweizer Pu1 t-Elektronenreohner" , II 
meaning the first Swise desk-top 
sleotronic oa1culator. But the 
sales prioe of 6000 SF ($1380) 
seems to have put it beyond the 
means of most SWiss and also it 
may have been too muoh of a nove1~ 
ty on the market. As Hans notes, 
lilt seems almost impossible for an 
amateur to build a computer that 
oan oompete with commeroia1 ma­
chines. (The amateur who can do 
that would be, before long, em­
ployed by a oomputer oompany. )11 

Hans is working on a new model, 
~ti th 16 registers, using Phllips 
LTC cores, and ICs by Fairchild 
(RTL epoxy), TI and Philips. 

MAGAZINE ARTICLES 

Low-Cost Counters 

The February Popular Eleotronios 
contains a construction artio1e 
(pp 27-32) on a decimal counter 
with readout, whioh the magazine 
believes to be a price break­
through, as the decade oosts only 
$12, oomp1ete with counter, dri­
vers and ten lamps. Parts are 
available from a Texas company at 
$12 a deoade ino1uding a PC boar~ 
A power-suppiy schematio is given. 
The maximum rate is 10 Mo, althou~ 
the unit has been used up to 18 Mo. 

Later iesues ~t1l1 feature items 
baeed on the oounter: an IIE1eo­
tronic Stop Watoh," whioh ie an 
EPUT (evente per unit time) ooun­
ter; a digital voltmeter; digital 
multimeterj and a frequenoy ooun­
ter. 

The ICs used are all Motorola: two 
MC790P dual JK flip-flops, and one 
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each of the MC724P (quad, two-input) 
and MC715P (dual, three-input) NANDI 
NOR gates. And seven transistors. 

An interesting coincidence is the 
appearance by the same author of 
an Eleotronio8 artio1e (Jan. 22, 
pp 74-76), Ii For low coet, count 
on RTL, II which compares the $12 
deoade with a $10 digital display 
that uses a milliameter with a 
speoia1 scale, calibrated from 0 
to 9, and a biquinary 1-2-2-4 oode. 

The authors says in his last para­
graph that the in-line counter is 
superior in readability, but the 
meter deeign is cheaper and emal1er. 

Baeic Digital IC Cirouits 

Over a dozen simple digital cir­
cuits are given in "30 Basic 10 
Projeots," in Radio-Eleotronics 
(Jan. 1968, pp 50-53). This second 
part of a two-part artio1e uses 
the Fairchild pL9l4 ae the basis 
for invertere, pulse-enabling and 
dieabling gates, NOR/NAND and ORI 
AND gates, square-wave generatore, 
one-shot, Sohmitt trigger, flip­
flop, and others. All that's need­
ed ie a 914 and a few resistors 
and oapaoitors, p1ue diodes for 
the generator. 

The artiole on the following pages 
(pp 54, 55, 62) desoribee how to 
"Bulld a Low-Cost 10 Signal Gsne­
rator, II with the same JlL:i14, to 
provide square waves from 5 ops 
to 50 Ko. 

The first part of the IC article 
appeared in the December 1967 
iseue (pp 43-45), and oovered the 
basio deecription of the ~L914 
giving oirouits for linear appii­
cations such ae emitter followers 
and amplifiers. 

Wireless World Digital Computer 

The four-part artiole on building 
a ema1l oomputer, described in the 
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The Amateur Computer Soclety ls 
open to all who are lnterested 
ln buildlng and operatlng a dlg­
ltal computer that can at least 
perform automatl0 multipllcatlon 
and divislon, or 1s of a oompar­
able oomplexlty. 

For membershlp in the ACS, and 
a subscriptlon of at least eight 
issues of the Newsletter, send 
$3 (or a oheck) to: 

Stephen B. Gray 
Amateur Computer Soclety 
260 Noroton Avenue 
Darlen, Conn. 06820 

The Newsletter wl11 appear about 
every elght weeks. 

prevlous Newsletter, has a flfth 
part now, completlng the serles. 
The December Wireless World (pp 
601-605) covers the operatlon of 
the machlne, wlth codlng examples. 

Using Minlature Relaye? 

An lnterestlng oomparlson of major 
oharacterlstlcs of mlnlature re­
lays appeared in a new-product 
ltem ln the January 8 Eleotronics 
(pp 171-172). Comparlsons are made 

between crystal-case relays, mer­
cury-wetted and dry reed relaye, 
and eolld-state swltchlng devlces. 
Eaoh of the four types is sald to 
provide certaln advantages. "It 
speed ls needed more than isola­
tion, eolid-state switches should 
be used. When cost ls the prime 
factor and high isolation is also 
required, the reed relay is the 
best oholce. n The new product is a 
line of dry reed relays, made b~ 
Hl-G Inc. (Windsor Looks, Conn., 
lfhlch sell for about $2, oompared 
with about $8 for solld-state 
swltohes. 

Would you believe a relay ln a TO-
5 translstor can? They're deecri­
bed in the January EEE (pp 20 & 
24). Not cheap, though; over $20. 

Copyrlght 1966 by Stephen B. Gray 
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BREADBOARDING INTEGRATED CIRCUITS 

Wade White says he breadboards In-
11ne ICs wlth a board that holds 
15 of the 14-pln packs, from J.R. 
Anderson Enterprlses, Ino. 3691 
Lee Road, Cleveland, Ohl0 44120. 
The boardA type MC-l, costs $4.85 
for 1-9, ~4.50 for 10-24, and 
$4.25 for 25-49. 

No holes are drll1ed ln the board. 
The components are soldered to the 
top, for easy removal or chan~e. 
Slze ls 3/32" x 6-5/8" x 5-49/64". 

For permanent mountlng of 12 of 
the 14- or 16-pin ICs, Wade uses 
an M-96003-PG board from Dyna 
Sales Co., 962i S. Atlantlc Blvd., 
Los Angeles, Calif. 90022. Phone 
(213) 266-1175, ask for Milt Hol­
lingsworth. 

For TO-5 and flat-pack ICs, use 
board M-96002-PG. The boards have 
holes drl1led for mountlng compo­
nents, and plns to fit a 22-con­
tact connector (Ampheno1 series 
143). The connector costs about 
$1.55 nsw, but can be bought sur­
plus for much less. 

Prlce for elther board is $6.95, 
wlth a dlscount of 5% for 5-14, 
10% for 15 or more. 

Wade also notes that the Vero IC 
board klt 11sted ln Newslettsr 7 
at $4u, ls available from Dyna 
Sales for $29.95, as ltem MC-lO. 

NEXT ISSUE 

If any of you who have gotten 
lnto the constructlon of your 
maohlnes falrly well would like 
to write up your experiences for 
the Neweletter, eeveral pages 
are available for the gory de­
tails. Tell us all about your 
prOblems! eolutions, discover­
ies, tai ures, components, and 
your future plans. 
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ECHO IV INSTRUCTION FORHAT 

114 13 12111 100910807 06/05 04 03/02 01 00/ 

/ I / B / COMHAND I c I ADDRESS / 

L 256 .. ord blo 

l~current pa 
O~page zero 

15 memory re 
2 shift ins 
1 halt 

I ndex reg is t 

Bit No. 

ck 

ge 

ferenced instructions 
tructions 

er flag 
(Bacore me m location 00002) 

Indirect add 

ASSIGNED CORE ~IEMORY LOCATIONS 

00000 = P ~ Program Counter 
00001 ~ Zero constant loc 
00002 ~ B ~ Index Register 
00003 ~ A = Accumulator 
00004 ~ Interrupted program return 

ress flag 

00005 ~ First instruction of Interrupt Executive 

Bit 14 of Program Counter is Endaround Carry (E) designa tor 
The E designator is set if carry out of adder bit 14 occurs 
during ADD. The E designator is cleared othenlise near end 
of ADD instruction execution. 

The overflo .. designator (OV) is set if: 
1. Bit 00 of accumulator equalled 1 before right shift 
2. Sign of Sum is different from sign of like-signed terms 

Address modification occurs in the fol10 .. ing order: 

Indirect address is fetched BEFORE content of Index Register 
is added 



( 

( 

( 

l 

Code Nnernonic 

01 .DIP 
02 JOV 
03 COM 
04 DCS 

05 SIP 
06 ENB 
07 ENA 
10 OUT 
11 INP 
12 JAN 
13 JAZ 
14 STA 
15 ADD 
16 EOR 
17 AND 

00000 HLT 
40000 LSH 
00400 RSH 

cmn.tAI1D DEFINITIONS 

Definition 

Jump to Y + 1 
Jump to Y + 1 if OV = 1 
Complement contents of Y 
Decrement contents of Y and skip next instruction 
if contents of Y = minus one after decre~ent 
Store incremented P in Y 
Enter B with contents of Y 
Enter A with contents of Y 
Output from A to channel address 
Input to A from channel address 
Jump to Y + 1 if bit 14 of A a 1 
Jump to Y + 1 if A a positive zero 
Store A in Y 
Add contents of Y to A 
Exclusive OR contents of Y with A 
And contents of Y with A 

Halt 
Left shift A, Bit 14 replaces bit 00 
Right shift A, Bit 00 enters OV designator 

INPUT CHANNEL ASSIGNlIENTS 

Channel number is defined by bits 00 through 05 of effective address 

Channel No. 

00 
10 

20 
30 
40 
50 
60 
70 

00 
10 
20 
30 
40 
50 
60 
70 

Function 

Interrupt "ord, 15 bits including SYNC 
House trunk on low order 6 bits, Kitchen keyboard 
on high order 8 bits 
Real-time clock, minutes and seconds in BCD 
Contact-closure inputs 
Hagnetic tape storage unit (future) 
Paper tape reader 
unassigned 
unassigned 

OUTPUT CHANNEL ASSIGNMENTS 

Programmer's printer/punch on low order 
House trunk DATA character on low order 
unassigned 
Contact-closures,,3l to 35 sesignate 5 
House trunk ADDR selector on low order 
Magnetic tape storage unit 
Kitchen console printer on low order 8 
unassigned 

6 bits 
6 bits 

words, 
6 bits 

bits 

15 bits/word 



Date 

( Aug 1966 

Mar 1967 

( Apr 1967 

Apr 1967 

Aug 1967 

Oct 1967 

Nov 1967 

Dec 1967 

Jan 1968 

Oct 1968 

( Nov 1968 

Dec 1968 

( 
Jan 1969 

ECHO-IV Logbook Sununary 

problem 

Machine stopped occasionally due to 
power line transient spikes from 
fluorescent lamp in bathroom. 

Burned out two print coils on 
printer print solenoids 

"Programs fairly well goofed up, Jay 
(2 yrs old) had been playing with 
keyboard" • 

Need variable speed clock to check 
operational margins. 

Temperature variations in basement 
causing amnesia in core memory. 

Machine turned itself on and did not 
shut down. 

Rapped all card handles and found 
two intermittent cards 

Found loose wire termination on 
memory power supply contactor . 

Found that the interrupt executive 
routine was getting interrupted . 

Cold temperatures affecting machine 

Memory power supply contactors fail­
ing after two years of operation of 
once per hour. 

Intermittent fuse holder in the 
memory drive chassis 

Jay left garage door open, memory 
messed up . 

Solution 

Installed power line filter 
on ECHO-IV 

Rewound the coils 

Talk with Jay 

Adjustable clock speed 
feature added 

Keep doors to garage closed 

Run machine for three minutes 
each hour to reach stability 

Replaced with spares 

Recrimped wire and tightened 
termination screw 

Corrected logic 

Added heaters to memory 
cabinet, left logic power 
on continuously, added blower 
to power supply cabinet 

Added thyristor power control 

Replaced fuse holder 

Ducted warm air from cabinet 
4 to cabinets 2 and 3 
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JANUARY 1968 
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JANUARY COT BETTER as the month wore an where the weather wos con­
cerned. The mercury dipped to 10 degrees or below on ninc of the first 12 days 
~f the month, including four readings below zero. The first and lost doys pro­
vided the low 1-71 and high 1491 reodings of the monlh. Total precipitation 
for the month was 2 .85 inches. compared to the normal 2.97 for a January here. 
Contributing to the total was 15.4 inches of snow, which melts down to 1.54 
inches of water. 
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APRIL SHOWERS DIDN'T COME OUR WAY the way they normally do. The Pitts­
.li.urgh precipitation was 2.27 inches lost month .compered t.o the usual. 3.08 
inches. A low of 21 degrees was reached on Apr'; 6 and a high of 77 Apr'; 13. 
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ENDINC ON A PLEASANT NOTE. August hod more thon ' jts shore of heat and 
humidity as the mercury rcoched 80 degrees or above on 21 days and climbed 
above 90 six days. But all the misery Was offset lost week by cool nights and 
worm. dry days as on Aug, 27 record low of 46 wos set ond the Aug. 28 record 
low of 44 equolled. A shade of undor four inches of rain fell. compared to a 
normol 3.31 inches for August. 

~ ::; -r 10 \l,~' "'\' w~u-.. 

• .t, 

~E L,'E\\'/ t£) ?~'1 
OtJv::; :a~ 2>.t.17r;~D Iv,i-Iltt/ .fft :"')1. A/""h' 

424t w-1 V-it-I" tJ.fir." ~ 'BL/)'K )j'N'.,(? <5-J", 
Wi (- /,/0 $Lo T Ck.:J]. 

\\ \ :::. 
\ \ 'L ,;.. 
\ \~ .=. 

PLf\C:< Syt" - 9.;1 )/)(.) ~J 



•• "'-11- ..... - -- .. _-, : ....,...-"".". •• ,. 

, . 

( 

( 

( 

( -

, 

I _ 

6(.,"j'l 
I ;.. , ) , \ , 

'P ;:: \ '.::...4 .\ P 

, 
'1 , 

J /I = "Z..'?'2 '??) 
JI<-~O 
I ('"!;) :::. I- ':::> '2.. ":l 2.-

1 ~~C)=:J 

- ' - 8K] 

2.r< tpDCIJJ 
,,(.) ;/"1"' 
f .) (oO O,)J 

p= Go, ~411 

- -, 
-~ ( '?vI T Z vJa.5 d'!;)\~~, 

( 

" ~ f r8V 
) ,1.[. 

j. 
~ 

) 

H! r ~ ~ ".~ :: r 
I 

'P.> =- 1 k. 5 = 4) 0'7 7 
q - 543 

11 \ -:::- 0 
112. :: I'2.SZ.S 
1\ :' ~ ~S~S7... 

, ?-4 z.. :: SO.' () I 



A:::. 5zSl4::. P(.I"-I 
8::>=. /OG7 
'::> =- LlI()ll 

II I;' 2c:.z.sz... "'" TAT 
\\1... = ~?2.":>z... ::. eAT 
\[1.) = Sz.~2.? = 'i'M ' I 

-=S4 Z. =. "'::,'0 : '5 '2... , 
\O o.=. ( 0 I ~ l('" 

..3e-~ ~~ 1. r. \ So 4-0;:::) '-'> \S-. 

--1:>' ~N.i.-\\.k ~'-Y c...c:.. ~~ -.J '-e-t. \ 

__ t>[E~4) til 1'5 --1-2.4- ~ '1 IF) ~ Pro 'D() CoL:;. 1'/ '3. ;:' ~,' J 

FRoM. P'17 $ PA-r • P') 1" t"e :., " ft'd ...... ~ w .. s 
06 ('Cd ~.... "\ c..,..{l.. <. II'Z. ') 

9.~1Z "'i I'=> 4-2.2.. ~;~ """":>0( ' Co;,,, I, , $\ ~ c.. (.. 
. ? {>O;"T ~ Na02.a.o = 'V PI i -:::.~ ..... ., c~ ' (''''f I 

p.,.::. \lll \ I \ = ~~1-~ £.. 

I¥, \ -t'-\~.) w ,,~ \.... rJv.. '" ~ \ \ ');, cD , 0 J .:> 
. \ \ z.. ~3nll 

U-,,\ S. \-.0 W L.. \ ) t3. ( o.~ cI ~ \ I\~e-t( 'r' 
"'0' ;-t \ 0 

C.Lo~r-.. r ' :., It''''- , .. I 1'(p 1 1j';~ :· ·~'; P-

~L'\b iN 4c.... I"'cf.li- .. d '4,~ " "' \I, R8) s(~<<- v.--,-\\I 4c.... 
<::.. ~ \::> ... V-e.r 2''..t~ (, M~ 'Z otJ.:d 17 "",i.i.1 ~'f(fL •. J. ) 

( ~ ::;;:f~ "'~~ f'~w IOu:, l \ - \ 1.,\"".1) Il.l- h l.t., bb ~ b' -! 8 ) 

\ r 1 1-\1 ':> vJ') fl. j I ·I!· to'\ bl Ac I:.. \J ~ .. ~ \ _ :, M <.. ~ b,-
{"t, \ 'I c.t.J. ('::l 14-/ (, ~) 

mol'S ~;- \") t , ~BOD \,! \;, 

_-FJ>oP . ofZ 1(."1 4C- ( '2.) l TCf oS, t , 6, (~f \ 0) , C' 

\I A-



( 

( 

( 

( 

l 

-, ,. ....... , -~ - _.'.' - .,-' __ ._..,.:':',.". -<r"~ •• .. v '!"' •• ~ ... _ J - I 

~ 

(I ( .. r 
" . 

I I ~ ' -\ '" ' j, " . -.... ""' ....... 

~"")~. , c' 
, \ ... ).. I • 

\-\ L:, x ,~ =- (90 :'.:JO 

zR.:: 'l oo"""' , 

(7l1.:. I 
p-- 30007_ 

/ / I = D '?:J~ 0 
1 12. ~: / 2525 
/ 1 0 :: =1 "':i 2S'Z.. • 

'1 C I" • '\ Q.. 

2?_ -:. ~::., \ :./'t;:) \ ~I 
ll/ / r- e rr") , . 
1/ L.. 12 Sz. s 
)/-:..-· 252"2.. 

tv\ ~I,\ ""{cr,)1e:;:::. 110 

Let / =0 

/O:tJo 

~\ .. "in fY}1 

-e :. t9-aQ.,} J 
/ -= ()tJ p Cl,:) 

, S4-o 0 ::- ~ ,1,) J J 

\ \ S 



I I, I , CJC?~.i u" )(\0\ J '(t(... ~~~ 
c\. n...1.J-:~ tb"' ~~ ~ i/vo-. KI.o \ I K \ 0 4-

'i\1Jz.a.. ~~G.:\- ~\o-z. ~UYI'\:~~ \o'~ 
\t\C-l c. GA" ~ ~ r" \ ,,\~.l.. ~..f'.._ 

' j)= \"$ 51 1 
\'.1\\),;), \-\ I\J<" \-\ ".1(.., u~ -"1 .J~:c t (A ;-o ') 
c,,J;. \0 \)" \ c.:.~ \ '1 d+ 04qo be .. :\-.,.e. c..L-.:;"vq,:--\ 
Uo c>t t>--o ~ ~'\ ';'", a( '''' . M.~ ?o ~( S~f' ::.,\ 
YV\c.~~ ~ ~) c .. c., ",." ",.., , \.t I 

--I>-~- ,..,\~~ r"lJ. '" a..~ 1(e. ·,,~·,A<.; 
» • 

~\+ 2,:) r ~Yc\-\ .r" Fs= WI a. [S44-

3 42- - 5~:5 'Z. ~!f' JuN .: 5e: >!. 
III :: O (J) fiO ! .4=-0 
/1 2.' '71111 ~ =- \ ca"-7 113 " cgO L1,r';"\ <;;> = 410 7 

I 
I 

-nzOUr'..;l i,£' ~t'\u-", I::. \:) 'to'! -'H~ 
«.d c' ':I o{\o"t ~-1 d'I'\" 1 ~.vtu .... 

, 



( 

( 

( 

( 

( 

(, 

l 

r • , • .; ,- , ___ ',';'a,- - . , ..• -.. 

90 

80 

70 

. 60 
I . 
I 50 

I 

40 

30 

20 

V 
r.... / 

'I. 

1'\ .. Y 

'SEPTEMBER 1968 
{.High . Normal High I 

w t-: 
V \ i\ J I 1\ 

If 
~ II \ 

v \ / 
11\ .... 

~ 1'- / 
r\ / 

1\ f0-
r-, f0- r-. 

\ :/ 
PRECIPITATION Normal Low' Ir ~~ IN INCHES Low 

i~E 
SEPT. NORMAL 

1 
:. 10 • 6 I ~ 12 · • • 18 ~ .... 24 .' 30 

\ 

I 
\ 

A PLEASANT SEPTEMBER was en joyed. wcatherwise. by Pittsburghcrs as tempera· J 
tures ranged generally from the lows in the 50s to highs in the 70s and 80s. The 
mercury hit a high of 86 on Sept. 4 and dipped to a low af 40 on Sunday. Rainfall 
tatalled 3.08 inches. compared to a normal 2.54 inches for September. • 
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