12 Sunr.yfield
Mill Hill
London NW7 4 RG

February 1 198%

Mr Andrew Tristoffy r7
Digital Computer fuseunm 6;2//-/
"ne Iron Way

Marlbero 01752

Mass.

Dear Mr Tristoffy,

Since my letter of December 4 last [ have pursued numerous injuiries
regariing the Colossus bedsteads but with, I regret to say, very little
result. T think that you will realise that peousle asked to search their
records of long ago do nnt in general reply very juickly especially if they
have to reoort that they car find nothing. For that reason it is still
vossible trat somet: ing may turn up but I think that we must now accept
that that is unlikely and I am therefore serding you such information as
L have Leen able to obtain.

You may be interested to know that I tracud the draughtsman who designed
the vedstead in tre hope that he might have some rscord in a notebook or
his memory. In fuct he could not even recollect having done the work:
which is perhaps not so surprising cornsidering that he is now 77, it was
38 years ago and he was not told at the time of the purpose of the
constructi~n which might have fixed it in his mind.

The optical system of the tape reader was described in a paper by A C Lynch
of which a copy is enclosed. The only practical detail now known is the
photographic mask shown in one of the lecture slides.

The frames of the bedsteads were .7ft8in high, 4ft long and probably
27tEin to 3ft wide. The first two dimensions can be obtained from the
phatograoh but not the third. The frames were fabricated out of

1%byl% inches angle iron jcined at the corners by rivetted gussets. Two
such framses were bolted together to make one structure 8f't long. The
arrangement of the pulleys on the frames car be seen in ore of the
photographs (lecture slide® and is shown schematically in the enclesed
sketch(by someone who maintained the machines) indicating the path of a
maximun length tave. Fach tape was loope” aroungl as many pulleys as its
lengtr required with the [inal adjustment made by a pulley on a spring-
lozded arm wiicn could slide up and down an inclined member cf the frame
wvich can ve seen in one of the photogranhs. The spring-loading was
intended and designed to maintain enough tension in the tape to keep it
on the pulleys without breaking. '

The pulleys were »f aluminum alioy, the free-running -nes being,it is
believed 8inches ir diameter and the driving motor .ulley 4 inches

Aiameter. Toby Harper has one of the free-run:ing type but without bearings
or spinile. The only authentic Colossus drawing that has beer found is that



erclosed of oulleys X and Y made for special machines. These are three-
tape sulleys, the regular mschines having only one tape, obut the
Arawings show the irofile and all w some of the dimensions of the
singie tave pulleys to be inferred together with some idea of the
snindle and ball-bearing mounting of the pulleys.

Some mere detailed irformation might be ovtaired from the ohotographs,
in which { would te willing to zssist but which I will not attempt

unless crd until I hear from you that it would be useful to undertake.

Yours sincerely,

T H Flowers



.1;5Mm

b Dlet u\.g/ (ff 1.2 GP"\'! Cdwce o fy %;[m) q’ @th’z“c,x«(
(8-04\,1\0(0&(_5 ; \(-)78

IHE SECRET DICIWL COTUITLS 07 1943

A. C. Lynch

-

Phat eleetionic ol'iir;
tish Past ; ;

u b-‘

-

to the r,ﬂ.(). i
of the s

InCw.

There is almost no evicdenza ashout avy ~ 21rs8onal
mnmovies. Six rhotographs in the Public e orf thelr sice and
eneral e s withoud much dGud"7 but t e %unéiro of the ot
> 3
; :

s that the m“chlue

niny sl
lI o~ “"'LL
12L3 1o
dravings

3 ey s -
diagrens

.'.’:'..TJ‘LIS

CompLEte jimhi d only t
he ouarxL ions) unitz,

bﬂ}'r” reader has SV

The m2clines were needed to Process

devi°od by mathematict ans; to be vseful

hour“, a requircnent which could be
bcyoni any that bad been used before.

2  GENERAL DESCRIPTION OF THE ) FACHINES

Tnput data to the machinas came fro om standsrd 5-hole teleprinter tnro,

each position on the tzpe storing.C bits, Dats from two sources war vsed, oo
source being an cencoded message and the other a mzchine of the kind svhich hag
been used to encode the messege To satisfy the proces ssing-~time regui: ‘eran
the input date had to be avail least 2000 5-bit groupe per second.

The corresyor ding processing speed was of the order of megebits ver secordd, bul
by parallel proceesing and other devices 3% vas reducible to the order of 105
bits per sccend. .
Mechanical devices avaiisple in 1Sh3 ¢ovld
reading or precessing, es offere
as logical ewdtches hz slored. M
to be so wnrelizble thet ro epraretus using then
cepable of contirvcus cperation. So for the fir:
as the "Feath fobinson", valves were uced sgaring
end other televhcne- tches fer the slower
mch of which was C.E. Wynne~Wh11ians,
the progrezmes w Gevised, but it yas
T.H. Fiovers mz3 ds possible by using
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~.C. Lynch, now of Universiiy College, ILorndon, was former rly with the Fest Cif:ca
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sed up to 2400 valves cach,

Conventionzl elceciro-mechanical reading of holes in paper tapes at 2020
cheracters per qocond was impossible. - Fnoto-electric scamming was sumgested
F.0. lorrell 2nd used successfully. But the tepes tore easily when they were
driven by means c¢f their sproc%et—ﬁolas (the pormzl method for telezraphv at low
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speeds). A friction drive was used instead, and th

opticzlly to provide a timing signal - a further c
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needing yet more valves. There
similtzrcously; one for the sproc
ti

S ‘or the code holes in two
successive positions on the tape.
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For the Hezth Robinson, an oplical tape-r
weeks, using whelever components could bz obuvein 0
due to inexmerisnce with closely-packed arraye of v°1ve~ LLL t
to have operzted well enouzh to justify further Qe"oluvdcuu, an I
the prototype of a well-engineered itzps-rezder was brouzht inte service es “a:t

the first Colossus. Colossus had only one tape; the other had bLesn replaced
by (us%wr the nsdern name) a shift-register store using hundreds of valves. It
proved successful, and machines with further jmprovaments were quickly built,

3

thev inclused

Klthourh thece machines were designed for
all. the essential feetures of a zensral-purpose including:

the zs read

large semi-yperianent data st
cyelieally)s

digit and word registers e temporary stores based on thermionic valves):

aritluastic unit for lozic; };OCGﬁblﬂg including binary erithmetic, Boclean

operations, and counving;
]

varizble pregreaming including conditionsl instrustions.
Trere wzs no lavge ramdcm-zccess store, for in 1913 there were no {errite cores
and no nmagnetic lape, and other methods of storage would have been cumbrous.
Variable programmng required the manual operation of pluvgs and cords of which

& very large number were rrovided.

3 THE HIGH-SPEED TAPE READE

This section of the paper dasscribes the high-speed tape reader develored
by E.A. Speight and- the Dreucn authonr (who knew nothing about the rest of the
mzchone until 1976). The specification was that it should provide an outvut of
+1V for a hole, zero for no hole, the signz2l being as nearly as possible a
square wave lasting for 1 ms when the tape was driven at 1000 characters ver sec.

" Tnree types of photo-cell existed in 191131 photo-conductive, photo-voltaic,
and photo-emissive. The first was very slew in response and the second liable to
fetipgue, so the third was chosen: It too is lizble to fdulnue, but this yas not
known when the cheice wes made. Heath Robinson used standerd gas-filled cells.
But it wes not certain that enough of them couvld be obteined for the Colossus
prograrrze; and, further, their response decreases at frecuencies above 10 Kz,
so thzt ss a rectangmlar wave-feorm was wanted zt 1 ¥Ez znd more, a chanze to

vecwum cells was desirszble. No ordinsry cell was suitaeble, bul fortunately e
v

a

large supply of vacuum cells :ble from some LW'Cent'4~Gd ﬁOTk which had
been zbandoned. Iney had coul de =0

only &s wire ends, but they w wis

into oct ses in 2 v Do

identifies them as "RCA" cell ey

vhich zeven patents were uge= 2ird Televi

19h0 aznd 19ML.) 1€ gngd

Both gas-filled and vacuum cells were of about 21 mm dieamster and s the
holes in the tape were spaced at 2.5 mm scme opticel magnification wes needed.



‘Tne tapes were illumipated by a 10V 75 % lamp (as uzed for sound films) with a
cordenser lens, end & photographic lens of 50 i focus formed a mzenifisd Liive
of the tepes on a glass mask Lehind which the photo-cells were mounted. The

n t for }euuh rob*“: R

optical system for Colossus is
diffcred in the omission of the T
the use of 22 cells for the vwo t
Robinson each photo-cell was directiy pled vo the gria of & cathwc
cutput valve; in Colossus ther may have been Luo valves mer thot o-ne]], an e
sprocket-hole cdetcclor wa :
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The megrificd imnges 10
onglass plates) which were oubl
attermpt to obtain a nearly stant ouvbtput as & circueler fpvt tra“crscd them.
The valve circuits therefore received a fairly rcod rectangular sipgnal shich
needed little further limiting to provids the specified output.

L,  SUBSEQUENT USE OF THE TECHNIQUES

Flowers's tesm, after the war, built an early digital computer (Miosaic™)
and also applied the technicues tp the design of electrenic telephone exchanzes.
The tape-reader had no direct descendants. Paper tape can be read slowly, but
it tears too ezsily to bz acceptable for high-speed work except in the special
case of the szme input beaing required over and over again from a closed lcop.
The development of high-specd stores has made the tape-lcop cystem obsolete.

j‘.u'Jn’n :}E] ERTS
Yosh of the information in Secticn 2 of this paver is taken from Ref.l.
I an sndebied to Dr. T.H. Flowers for helpful criticism of ny {irst draft.

L B. Randell, "The Colossus": a paper presented at the Internstional Research
Conference on the History of Computing, Los Alamos, June 1976

2 Public Record Office, reference FO 850/23)

. -Figure 1t the mask-plate for
Colossus (photogrzph from z plate
used for experimental work and
thus not sent to Bletchley Park).
Approxdimately half-size. The
ectangles are to help in align-
ment of the mask in the apparatus.
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