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An Electronic Digital Computor
Using Cold Cathode Counting Tubes for Storage

By R.C. M. Barnes, B.Sc., E. H. Cooke-Yarborough, M.A., AM.LEE, and D. G. A. Thomas, M.A. *

A& smal sequnce-controlled computor Is dscribed I b sorseecopacktyfor up 1o 0 mumbers
of cight decimal digi..” Cold cathode, couning tubes (Dekairon)

ements, " Barale sperttgs is emploved, andthe. speed o operaion 5y mmpambl: “Nih, het

of ' desk. caleutng machine,  Apar from speed, however, the computor provides mos o

the facilities found in larger, faster digital computors. Information is fed into the machine

Jront perforated. paper tapes and a releprinter or tape perforator records the resuls.

GEVERAL lrge-cale computors have been described in placeIn the presnt machine these two parts are lmost
recent years,incluing the ENIAC'? i rand valve _ cotily Separty
circuits, the EDSAC™* with mercury delay storage, the  Because a relatively low operating speed is accepted, it
University of Mmmm Computors * with cathgde-fay becomes pracical 1o read orders nd opner data from ihe
stor e Birkbeck College computor with magnetic perforated tape as they are needed in the calculations (t
stor e Compuions Sec. ntonded privany fo ks done i the BT L. maching" ). Desigh i thus simplifid
am out enormous computions, too lengihy to peform  and much lessstorage capscty s necded. The low operat:
‘other means. In addition smaller scale relay com-  ing speed also makes possible the use of relays for routing
Patore ™ have becn bult for gencral work. The machine  and scquence conirol.Since cach relay may carry many

described here is not intended to deal with the long calcu- contacts this leads to simplicity in setting up connexions.
lations for which the large computors have been designed. The fact that the techniques are well established and of
10 intended rather to 40 the work of & {ew operator with - proved reliablty 1 of grea impertance.
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Reluns
seauENcE

Fis. 1. Bock schematc digram of compe

desk caleulting machines where the work to be done e Numerical data obtainedin the course o the calultion
pexmve Tature. As & resul, smplicty and
garded as of more i

EES

the opera-
cation and division sul'zmhl) for use n 4 computor with mlmy rouing. and
t0 make use of cold cathode count-
e Tope GLIOR). Thescwere

1is a schematic dn:gnm of this machine. The

design can, for convenience, as consisting of re coming into increasing use for
o parts.The fist includes the means by which- the wlmx and counting purposes. In these tul ares
Tcbine Feceives orders, controls the sequence of opers-  may b sepped round i toany often blé posi

Tont ‘and the vouttng of mumbers 0. and from the Stores, _Sach tube 1 therefore capabl of Storing 3 Gecimal d-nr

and prins the resus, The 2econd part comiss of the  The tbes have th advantage that mumbers can be fed in
o oring numbers and. losly alled with s he  them, or obtained from them by use of rlatively Simple
nmhmzn: unit i which the arithmet reuits, Moreover the mumérical information is in the
e ~ form of large amplitude pulses (ens of volts), so the pos-

"~ Elcroncs Do, AE RE. Horwel 3 Sbilty of spurious pulses being introduced from external




sources is much reduced by comparison with other storag

mel Use. of these fubes. permis the computor <0

ry, basis. This is

convenieat from sever it is particularly
ous in 8 paralll computor, since the

of parallel arithmetical

Provided that tores required is not 100
lasg, this method of storage s thought o compare favour,
ably with other methods on the of cost, size, ant
por

he power.
at 370V. From the fact that the tubes operate a this
current and from life tests to date, tube life is cxpected
0 be many thousands of hours

torage address consiss of nine b
iomal ube 16 e the

regarded 15
i afer e st pgore .‘c the num-
ed, whether this is a signifi-
v or zero, and the capacity
of each store is + 10> > —10.

d
handled in the arithmetic unit as trains

of pulses. Negative numl
bandid 2 complements cxcpt o n the
punched nd when " finally

pinted, whtn " they appear a5 modulus
he

i process of
on suhlncllon by addition m mc
t

sion is by a sequence of multiple
tions (or subtractions), with the

ration of shift the
Ecimalpotnt s each maltiple addition
kes p

lace
o provision is made for reading
off tables of functions and the low

s will often make it

may event
roviding a special table-
feading atiachment.

computor has been operating

Computor fied with 20 sires.

constants. A typical allocation of tapes is ex;

< Mmastr programme {ape, a tape givng the data relevant

o the particular problem and a number of closed loops
longer sub-routines.

he output of the computor is fed into cither a perfora-
tor o teleprinter operating as a page printer.
maximum of eight printers and perforators can be

accommodated although only a few of the positions are
used at present. It is possible to feed the perforated tape
from an output F into an input tape reader to

a long-term storage when the nature of the work
its

first order is always read from tape reader No. 01
and subsequent orders come from the same source until an
order specifies a change. If the source of orders is changed
102 Dekatron number store, orders 4

geauetce s interupted
normally only stored in the Dekatron storés when they
i come STt subronioes o If oy are 5 50

bt cxctti ere s and poxe

A e T B S o

service it TR 1ok
time to_ publish details o the design e el

 supplies and a table for tape
Teaders and printers. Toal power Consumplion 1 about 1EW,

Facilities
he computor aperats solely under th control o orders

and data fed in from perfors 5, and no manual
Switcing or plugging up. s rovision Is mi
for a maximum of cight input tapes read by separate.
readers. Each tape may contain orders, input data, and

o i ot

The e mht o recks ot e e

subjected to arithmetcal operations; the majority of orders
ill b rad diretly

" oske of five (decimal)

rfora-

. ted as blocks of cight
gt precssed By  Ngh chnsasiet, Elocks of digls e
scparated by a character which can be either a space or

one of ten Dlock-marking 3 y is
provided by which any tape reader can be made to search
along s tape unil
characte
ARITHMETICAL ORDES
“Arithmetical orders consist of one digit defining the




arithmeteal opeation to be performed, & ending address

awo digits) and a re address (two digits). The send-
dress may be  Dekatron store, the. aecumulator, &
fape reader, or the rounding off i e receiving
may be a store, the accumulator, 4 printer of

pectortor o » drain for inwanied num ers Seven opera-
tion digits have been allocated as follows

() Add, the  contents of the Sending ‘address into the

receiving address, and leave the contents of the send-

2,
%
s

he sending addres into the
receiving address and clear the sendi
(3) Sublract and do not clear the sen
(4) Sublract and clear the sending address.
(5) Multiply the

contents of the * receiving_addres
latter, and add the product into th

(© Di tents of the accumulator by the con-
fents of the sending addess,form the quotint n the
iving address and leave the remainder in the
accamula
(1 Add the posiive modulus o the contnts of the send-

i
g addréss into the receving adares

The sending and receivi ses in the
ame group o ten sores; in the cae of mu\llphcnnon and
division they must not refer to an input or Output Organ.

It should be notieed that addiion and subirction do not

n be

used exactly as a

rders the operation digi
digits calling for a change of
are obained, sarch for 4
block-marking aarasir ceumismlon of ibo en of the
res,or selection of the layout of

The last two digits specify the address

is 0" and

e sign examinaton tacly allows the future action of

¢ Cormpuior 10 be comtoied by the by the
lcumaon. " Any-siore ¢an be amined.{or the presnce
it r a negative sign. If the sign looked

Permatag reey o locked In-ang d any

ubssquent condioral order (i< below) ar perforned

otherwise they ar
" order caling for  change in the order source ca

‘made conditional or unconditional: if conditional it is onlv

ign examination has given an

"This allows & new set of orders 1o

e previous et has brought the calcula-

ge.
ng o search for o block murking

character causes all the information 1o be ig

tape to repetitively without necessi

The prnt hyom is variable to 4 limited cxtent, There
Jayouts avisble cach cight_digit
stance one such layout might consit of the

mm d| i Tollowed by spaces, and anothe

ol Toed aekl carriage Tehurn.

el ! dees which layout I

in force until replaced by another print layout order.

Aithmetical Operatons

T SiNGLE
e aadtiion. 5 th Tandamental

the comple-

n (or n) by a sequence o
liple additions (or subtractions. The circus used for
dding o' number from one store into another thercfore

form the basis of the ari
" Namerical information ls handied in the form of

usput
(2ee“tonod) o

Guige 2
Guide 1

91, (0 nine pulses  Each train reprsents on

al digit, and as parallel operation is employed therc
hannel 1o_handle cach digi For normal

arthmeteal operaions the pulss are routd, hrough 4
transfer e to_another, or o the
accumulator.”  When & digh is being fed from a store

103 prnter, a * * unit i t©_convert_ the

train of pulses into a form suitable for operating the relays
which control the printer. same translator is used
when reading numerical information into the computor (o
ey s g of plae 1 8

he same way

‘mods ot operation

o Pk to ik
w

[foms|

o Mt misez

Fie, 3. Pl o opernte comming tube.
of the storage s he arrangement of a Dekatron is
own dragrammatically In Fig. 3. Ten ‘cathodes are
cqually disposed round a central anode, and all but one
e connected Between adjacent cathodes there

are two guide cleclrodex and these are connected together

zero cathode is taken through a
o 8 smal biss polenial, nd the remalning

carthed. ides rest at +60V and the
e b comneaed rough « esianes of 1M1 10 370V,




Pulses of the form shown in Fig. 3 are applied to the guide

electrodes to move the di m one cathode 10 the
ext. During the first pulse the' dis oves (o the
next guide | clectrode. At the end of the first pulse the
discharge moves on 10 guide 2, which s then more negative

di
«dvanced one step. It is not necessary for the two guide
pulses o overlap: but it 1 important that any time interval
between the end of the first pulse and the start of the
second should not be comparable with the de-ionization

right anode the complement on 10. These pulses are suit-
b for direst connexion to one guide of the rcciving tube,
ince, for the purpose of subtaction, he complement on &
is required, It s arranged 9 pulses are applied to
he ccr pulde on he rebeang Iulx (Fig, S(g) so that the
st pule of the urain shown in Fig, S0l neffstive
in moving the disc
1 he Sending tube s to be clared (o zero during th

ransfer, the complement ouiput of the ransfer it is
connected to one of the sending tube guides in place of the
train of ten pulses. This method of clearing stores is also.

e
- = o

P N ou
[ CORE STV B s N
2= oo

“ioov

Sov =iy
Seneing tabe

Transter e

Sov
Tramter putes Receing tobe

TRANSYER UNIT.

time of the Dekatron tbe, A small overlap has been pro-
vided as a precaution against possible failures. If pulses
rc applied 10 one  quds only. he discharge refurns fo the
same cathode after eack
The method 4 {0 past a digit into the tube s 10 apply
of pulses of the type shown in

and i the discharge jlarts from zeo, or output, cathote,
it will move to catl
read a Giit out of & sorage tube, a train of en pairs
plicd to the tube, causing.

3 T the number of pulses

in tput cathods pulse

the digit stored in the

‘The function of the lnmsfer unit s to accept the output
Katror

cathode_pul be from which the
digit is being taken rom it to deri
e Dlise Bpresening e S a0 s

of which is ig. 41 a circy
of one tra the waveforms
appearing when th an

on 15 15 be.performed, a relay s encrgized in a pu
generator unit, which, after a short delay to allow any
transients fros lay. circuits to die away, produces
a train ilses as shown in Fig. 5() and S(b).
These pulses are applied (o the sending tbe, which there-
fore steps round by or plete revolution.

e arrives

shown in Fig, 5(c) is produced, and this is u

trigger the cold cathode triode V.
1500 to

conducts.

Fubes are applied to the cathade of ¥, synchrongush
it hose Shotln n Fi. (0. bt 13 diferent e v,
and, prior 1o ¥, bei

preced-
< the complement o1, 10 of

‘The cathode potential
~160, and the Ieft half of ¥

3
igit, and the

used when the machine is first switched on. since the Deka-
tron tubes may light in any position. the transfer
‘operation is carried out purely o clear a store no receiving
. but & dummy circuit

simulate 3 receivi
order to gllsfy The checking arrangements In the address
selecting ci
"To chtingaish ¥, and minimize the chance of spurous
(rigaering taking place m its anode from
RS & e Speraion unt the sart of the Rext

oA plses

Fie, 5. Tramter crcit
MyLe-DicrT ADDIToN #xp SBTRACTION

As well as the transfer circy ibed above, circuits
arry over, when required, from

the next most significant. _The * carry
ciruits consist of'a cold cathode valve which i triggered
when the receiving st is valve
remains conducting il the end of the mm of transfer

hen a second valve performs

Berh extinguished. A ranfer and o Carey crcuit
uired for . 6 is showing 4
o ions or s ot soes with carry sieuls Tt
e oted that the most significant ubs has @ cary

tormn

each di




circuit, and carry over is made into the least significant
tube.
This_carry

a store carries the least

o from . ot sgnipeant
he Ieast sgrificant corrects tis, as can readily be
demonstrated, and enables the complement on 9 to be used
in every case, whether

in finding the complement of a

all carey units indicaes that the arey operation is com.

Thi inged 10 stop the pulse_generator and

ignal o the relay sequence coRtol crcus,
ith the next step.

provided on cach storc to show whether

wo bu n
Dekatron has been used in ‘An additional trans-
fer a0 cary uait o e, wied 0 hat the sign

v the over from the most sigaificant tube.

over from the sign tube 1 passed jnto- the lesst
Snificant tube.

Receiving

oFrom cothote o ign

Sending sore

e 1 putss (3 59)

Sign Units

Fie. 6. Amagement

number or finding the number from its complem
Tngement of th carry Gret s shown in Fis. 7
loses (o prodice the utss darmr
10 receiving
It also pmvndes mﬂm for appi
o the cathode

in FY: 5(8) (applied

i 51 53 coppicied.
ode similar o the

transfer unit

of the next most significn
X pulle is zppl\:d nmulhmoux 10 the anode

quent pules applid to
X nlhode b it oo Y T sl
e o et i

of tanter and cary wnit for hree

Hondreatns
ik opersion.

itive numbers is at zero, and for
cnmplemulu S5 double i s connesia 13 the oo
e of the sgn tbe, and tisopenie two rlays
Eoteaponding o 3 of these re
e S daeTaton Teqired when mAinE: Adieg
r printing. It is also that'a warning is gi
when this sign inspection circuit is not connected o ar
tube, perhaps as a result of faulty address selection.

e use of a special store (the
digits, since when an 8-digit quo-

als
multiplication if

accumulator. A further advantage of a long accumulator



is that the remainder after divison s available for use if

required.
In both uliliation and division one Storage address
store, the accumulator is connected

he transter units, and a second storage

address is used in a special way, (0 be described, and is
referred 10 as a register. The contents of these stores arc
shown in Table I Circuits are provided to_inspect th

operations to be performed

will result in a product or quotient of the correct s
TABI

SENDING STORE
AccumuLATOR
REGISTER

~ MuLTipLIcAND
RopuCT

MuLipLiEr

Whers the muliplie i posiiv, the muliplind s added
into the accumulator N, times where N, is the number
the' most significant tube Of theregister
(m A i to he right s now introduced by the
relay "t ciruit
nd B0 e,
Connected 10 9. and “the
ihe scoumulator N imes, where ‘N, s
stored i registr. This process of
el e o he hi
unit continues unil the whole of the multiplier

ith,In order L0 perform the corret number of addiions
the ube n the regiter conaining the digiof the multpler
being considered s moved back one step (for convenience
Punet T sty

0

~sov

& e
Cary circit.

{2 sty oo oot carry oven for

cach single addition. The pulse generator i

give the Signal calling for the next operation when

the approprine digiof the egiser by reched ero aad

carry over is c

When the mulnphcr s a complement, a similar procedur

is carried out few modifcations. " Muliple xnblraC—

tons are requ uired, and the registr tube is m ard
Sinc e compiemment of

01 901t tolows that transersshould stop when fhe register

e generator allows transfers

10 continae, until the tube reaches O, one t60 many wil be
signal s given, and it

Cotry pubes

soglo

ences  are

cquznce controlling and

course, only neces-

* iply " the prechse sequence
s by a relay

required
circut dependent on th sign of the Coments of the seected
‘addresses

Division is performed by a sequence of the same form,

., multiple transfer, single transfer, operation of the shift;
the quotient is built up-di

and the register moved forward until the sign of the divi-
dend changes, when the pulse generator gives ish
1" A this point one sublraction 100 many has.
rformed, and this is cor

. ine correct staring point for @ complement, means
Tha he nesesory comteetion has aready
ROUNDING O

e oubdpicaton o o

sion, some form of rounding

off i normaly necded (0 avoid & systematie reor
o gt e Sgnificant than. th east igni-
ﬁcanl held i the Store. off

oul
ly ld_involy eneration
of a special train of 5 pulses, but also the
ase of division, the quotient is built up. 8-digit
. and without much extra complication a 9% digit is
not available to be rounded off. Accordingly the cruder
ethod of addi at random to the 8% figur
the product _or quotient has been adopted. The
aximum_error in_this digit is now 1, and the
verage error is zero. The probable  error afte
rounding off is way is about twice that to be
xpected from the more conventional process. This error
is ot considered serous. A m int is that

rounding off had taken place.
"o minimize systematic errors the selection of 10 or I for
rounding off must be as nearly random as possible. The
method adopled is relatively simple. A master oscillator
in the pulse generator prodices continuously the pulscs
are subscquently routed (@ perf

carry operaions, Pules from this oslaor are fed con-

e-of-twe

tinuously to a scal

“The relation betwieen the stls of the sale of two at the
tion and that at the

beginning of the previous round off thus depends upon

hether the number of pulses occurring in the interven-
ing period is 0dd or even. These pulses are spaced a fey
milliseconds apart whereas the interval between successive.
round off operations is several (usually very many) seconds.
The exact length of this interval i an

e eaprotiZable veratons i the mcrva
amounting to very many_milliseconds.

Experiments 50 far cartied out show no significant corre-
laion between the zeros and anes produced-by repeaed
round off oper

‘The Translator

oo ot e ot v o T meet e



information obtained via a relay circuit from

to o form sulabl for opergtng th traster

e comy vice versa. nslator is

brought into circt me way as any storage addres

and B0 alierscion i necded o the ransfer it 1o accben:

modate .

e ks ofe une b o gocal Dekaon b whick the
ught out separtely. For this

i the tube z\mhble

v

SRR o
P

on hich the discharge s Iet rises in potentil from
~16V to somell e with respect to earth, causes
e grid potental of two of he riodes V11 10 vis m e,

and so closes two of the relays PA /1, PB/1 The
contacts of these reays opertie the xcleprlnler i
rectifiers inthe circuits

o[ Ihe GSi1A gue an output in the :ppmnnxlc code (i..
0 combinations of 2 holes punched in two of fivé
Spaces) for this pun
After runslation i of -out 3 separate ciruit returns the
discharge in the GSIIdA {0 cathode No. 0 befor the trans-
or is again require

Sequence Control
‘This part of the computor controls the tape readers and

tion.” It is designed to oper
in which each- switching

operation in the sequence is

Outosts o peinters

direhorse to

Cothote No©

\w SRR

Y
e S e rechr

Fie. . Trasiator waie

of the train of 10 (in the example, 3) are passed to the
receiving store by the transfer unit, When translating in
negative numbers the trans
ment them, Sinc
a time the remaining ransfr ciruis
e coke of & complemanty, The

e
No. 0, but in this case it steps round by

pulses delivered to it by the ransfer unit.
7».,..,,“ 5 Ercwon Tye GSIZA wih
“opereies &

T athades, wheh

" checked before the next is allowed to begin. This smplits

‘maintenance critical relay
stopping the computor Imedintely a circuit fault &

The. i srtimetcl operaon can be
regarded .s “Semiising. ot e
M R

e of the
1amp and prevents any further operations.

Finish’



READING IN THE CURRENT O
, digit by digit, from the
n store into_the relay order

nce

connecting a gr
and the + units dnnl Seets he Indevidual siore

ce el con

5

e relay storage group
into which the space or block-marking character should

ted will only allow the next cycle to_commence

it receives a particular combination of one hole out of
five (the space combinati any combination of thre
holes (theblock-marking characters). The five stora

2 h the order digits are fed will only allow

commence if cach reccives one of the

of two holes. I the tape reader moves

the tape forward more than one row before reading the
next characer or fals o move the ape, 3 digit storage
goup i offered the space _code or_vice

thermore, any errat operagon of the reading contacts
is \mhkely 10 distot » two-hole code nto another two-
Hol code, 50 th any fauly opeation of the (ape reades
15 aimost erain 1o b de

Semo ue e Coaions
rce from which the current order has been read

e e i e e o dlconaied v
the onde wored on the elye I ths order requres an
arithmetical operation the sending and receivi

e selcted “and_comneeted to the input m output o
the transfer system in the v o Befatren
Stores are buil in unis each cont ight
digits and sign. These units are a convenic

suit the decimai address code. ~Ea

has switching relays which

O the output of the transfer systems.

ing and receiving * relays

s u 2 ciectrodes of all 4 rage
Dekatrons in the group are connected 10 the x.,,.x mpm

o sipit ead ot e sy, S he Guide

The -two.sels of  tens
bring the ending and

selected and checked by Tour sroups of
s

..m “units " rela

address storage
res the operation (o be pe

el
metic ontrol
irther guard that the sending

of the accumulator have fentified.

The AwmETIc OprayTioN
1 the selection of function and addreses is complete
the zrl(hmruhl | sequence be

or subtraction the single
shift_circuit to

e requird for the partculr operation the

address relays are. feleased, the Sored. order is
20 1 e ol st Soquance begits.
PRixTiNG Our

£ the current order selects the printer s the recciving
address the translator is connected 0 the output of the
transfer system and the printer is connected to the five-
wirc output o the tansitor, A previous orde will have
specified the print layout which i adopted. Each

relys which mark out non-igtal charscers sih s space
line feed ige return.
addition or subirschon. I a pon
been selected by the first step this tra i
The Ad:pnnler wit rinting attachment has e
modified 30 (hat fIve-wie sighal operate magnels control
Tig ihe. e comba: o he
o ach el cois
printer by operat et from the output of U
o s chaacter Toag, chocke the poution of the

prints a character.
Conelusion

It is believed that the computor described above
mect & feal sl i e compern et peteuiuy
suited for cuses in which the same cilculation must be
petormed many s on 3 vaiety of numerial daia. I
use is expected i cconomical proposiion in many

cases when the cost of & large. fast computor would not
be justified.
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