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A smzall digital recorder 1s proposed, to punch 10,000 instrument
readings cn 100 £t of cane film, each item to 3 decamal or 12 binary
places. Any nmber of Instruments could be reccrdcd, at 10 readings a
second. A further uni® is envisaged, to read the punched data; to
correct each 1tem Tor instrumert crrors; bto display the corrected
valucs; ard to punch them on Hollerith cards or RAESCC tape,
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1 ITntroducticn

At the Llreraft and Armament Experimental Bstablishment , £1ight
tests are to be recorded in the air, for later analysis., BEach instru-
ment reading will be digitally encoded and recarded at intervals, on
tape, Analysis may involve four stages, Bach reading may need recod-
ing, for eosy manipulation, and also correcting, for instrument errors;
the corrected valuss will be serutinised and then may be fed to an auto-
matle caleulator, such as RARSCC (Ref.1) or Hollerith equipment. This
note describes meams for recording, recoding and correcting such digital
data, and indicat.ic how the corrected valucs may be typed and/or punchzd,
on Hollerith cards or on tape lsgible by RAESCC, The problem is con~
siderced 1n general terms, as 1t is unlikely that AARE will be the only
users of sucl cguipment., The project is now being hendled jointly by
Instrumentation and fathematical Services Depts., R,ALE,

The necessaxy digital encoding is not detailed, it being assumed
that cach instiument readiang 1s represented by the presence of a poten-
tial on one or mors of N wires serving the recorder. LAEE proposed that
this feed be arranged by attaching to cach instrument a ratchet-driven
follow-up servo, rsecing potentials to the recorder via commutators,
according to a purc binary code (Ref.Z), By this mcans, any number of
instruments can be recorded at once, by halting the follow-up slaves;
recording thelr coded readings; and then allowing each slave to re-align
iteelf with its rmaster.

MEFE regiire each reading to 4 part in 1000, This demands 10 binary
digits, or 412 chamcls on a binary-codcd deeimal system, in which cach of
3 decimal digits of a reading is coded separately by 4 binary digits.

Tor sumplicit: the pur. binary system is preverred, but it 1z proposed
to provide 12 rocoording chamnels, so thet evrther code can be used,

P The Rocordicr

—— ——

2.4 Layout of readings on tape

To simplify the tape drive, one width of tape must suit all appli-
cations of the resorder, There are only three simple choleess, Each
trensverse line on the tape can record all readings teaken at any instant,
one reading, or « sirgle digrt. Of thesc scheames the first, using wide
tape, thovgh fast is undesirable, becsuse the number of instruments in
cach application is unknown., If generous provision is made, spacc and
welght are wested whenever the mumber of instruments falls below the
maximmm - and both space and weight sre at a premium 1n research air-
craft; while if the maximum is cut too Tine, soonsr or later users will
call either Cfor rcr: recorders or for extra capacity in each unit, The
third sdheme, 1n ~hich cach digit occuplss a line, would restrict nelther
the mmber or instruments which could be recorded nor the accuracy or
each reading, but it would be slow and would waste much tape on margins -
and on sprocret holes 1f needed by the drive.

& uzefvl flexible compromise is provided by the seoond scheme, in
which each irstrument reading occupies one line across the tape, and
readings or successive inotruments appear on a group of transverse lines.
The accuracy o' cacn reading i1s then restricted, but the mumber of instru—
ments is limited only by the time available for recording and re~-aligmment
of slaves, besvcen successive groups of readings. It is this scheme which
is adopbted 1n th- recorder. Values of more vhan 3 decimal da.7iks oan ne
asonslderad 1 5 m or more parts, as separacc readings 0a SUSCESSLVE

transvesase ol
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2,2 Tape form

The only feasible recording media are magnetic tape or wire, photo
film, teledeltos paper, or punched tape, Magnetic tape or wire and photo
film are unsuiteble, because their performance cannot be checked easily
while airborne, Teledeltos paper is flimsy and tends to clog the neces-
sary pens; moreover, automatic reading of its records would be unreli-
able, due to poor contrast between the marks and base and also to spurious
marks caused by rough handling,

Junched tape 1s therefore the safest choice. It needs little con-
trol in the air, ths record is visible and easily read photoelectrically,
and the tape can be robust cnough to withstand constant handling, Photo-
electrie reading demands an opaque tape, for which the readily available
mgtericl is blue leader f21lm, used to excluds light from spools of scnsi-
tised f'ilm. TIts fire hazard - no greater than for ordinary :ilm ~ could
be eliminated by substituting the parchmentised poper uscd in the RAY
milti-printer, but 1t might be necessary to blacken this material and
also slit 1t to optimum width, whereas blue leader 1z already avallable
in a sultable slze.

The 413 holes demanded 1n para.2 casn be punched - slightly staggered -
between the sprocket holes of 35 mm blue leader film, at ten readings per
inch and per second. 4 100 £t spool thus provides sbout 4O minutes re-
cording of 10 instruments at 2 sccond intorvals; 1% would require a
recorder of overall size about 8 x 6 x 2% 1inches, The design could
alloy urats te be stacked. so that capacisy could be irncreased without
mechenical modificatica, and each unit could cenvain a selector for
sempling the instrucents teo b scorded (see Fag.?).

2,3 Sampling of instrument readings

So far 1t hes been assumed that all the slaves are halted till the
last of their rcadings has been punched on the record tape. With a
little extra equipment in cach slave, 1t would be possible to overlap the
punching =nd re-aligmment periods, so possibly doubling the maximm re-
cording rate, and the same equipment would enable the recorder to deal
with any number of instruments, without medirfication,

The recorder and slaves would then be arranged electrically in a
ring, sach joined to 1ts neighbour by a multi-core cable. When the recorder
received an initiator pulse trom an external timing device, it would halt
all the slaves and start sampling the reading of one or 1ts neighbours.
Immediately that reading had becn punched, the slave would pass on the
sampling power to its neighbour, and start to re-align with 1ts master
while the reading of the sccond slave was recorded, This sequence would
repeat round the ring, till the last slave passed the sampling power back
to the recorder and switched Lt off, t11l the next timing pulse, Lny
mmber of slaves could Form the ring, and if the instruments they followed
were arranged in descending order of rate of change, the ro—alignmc@t
period allocated over and above the punching period would be negligible.

3 The Lnalyser

3,4 Gensral arrangcment

Once the readings have been punched on film, the task must be faccd
of reading each item, recoding it if necessary, correoting 1t for instru-
ment error, displaylng the corrected value, and possibly punching it on
cards or tape. /4 scheme for accomplishing this sequence automatically zs
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shown in Fig,2. It involves further tapes and dezls with each recorded
instrunent in furm.

I conversion tape*Barries each possible reading, in monotonic order
and in the same code as used for recording; 1t can be prepared sasily
with a standard recorder®and ratchet-driven commitator. A similer cali-
bration tape 12 needed for each recorded instrument. It effectively
defines a unit step function approximating to the instrument correctlon
plotted against scale reading, recording on each line the successive
scale values at which the correction step function changes, together
with the sign of the relevant increment or decrement.

The analyser provides three drives, one each for the record and
conversion tapes and one for a chosen calabration tape. The record drive
locutes successive readings of any chosen instrument under a photoelectric
reading head, the conversion drive shifts the comversion tape 111 the
value read from it agrees with that selected from the record tape, and
the calibration teape moves till two adjacent scale velues read from it
bracket the reading i'rom the record tape. The motions of the conversion
and calibration drives are combined by a Gifrerential adding gear and a
reverse gear, to drive a decimal counter to the corrected value; this
can be read off digit by digit o a typewrilter or suitable punch, before
reposltioning the record tape and starting the sequencc again,

5,2 Technique

Each reading head employs a flying spot. 4 photocell under each of
the record and conversion tapes forms a train of pulses as a light spot
is fraversed across each coded value, Trom its most significant digit.
The resulting pulse trains can be compared easily, the first inequallty
between them being used to drive the conversion tape towards equality.

4 similar crrangement controls the calibration drive; two photocells
read adjacent values from the calibration tape and their pulse trains
are compared with that from the record cell,

Both the conversion and celibration tapes have to move cither way as
fast as possible, to reduce the settling time of the device. But the
speed of traverse of the spots can be high enough to allow these motions
to be contimuous, rather than step~by-step, gliven an accurate brake to
halt the counter at the true reading. By contrast, the record tape can
skip forward slowly to successive readings of any chosen instrument, but
needs a fast redind,

3.3 Lazout

L provisional layout of the analyser is chown in Pig.3. The device
15 based on a platen 19 inches wide by 10f nigh. From this platen protrude
feed and toke-~up spindles for the record film and three reading heads,
each formed round a walsted sprocket. Trom the lel't, the heads deal with
the record, conversion and calibration tapes, respectively., The tirst
two have a2 single photocell each, supported round the walst of the
sprocket, Thoe calibration head has two main cells arranged to read adja-
cent values from that tape, and two auxiliary cells reading the signs of
the corresponding increments,. .bove the heads, a mirror system rotates,
deflecting light spots - from lamps behind the platen -~ in synchronism
across the three films, The corrected readings appear in turn on the
output counter at the top r#ht hand corner, and can be read therefrom
through mechanical contacts to a typewriter, or to a card or tape punch.
No spools are provided for the conversion or calibration tapes, which
will be less than 8 't Jongy” their ends dangle towards the floor. Should
the capacity of the instrument be extended, spools could be fitted below
the platen.

-5 -



The mirror spindle 1s driven by a motor behind the platen, through a
clutch able to transmit one or more complete revolutions. The spindle
drives through a reversing clutch to the comsersion sprocket and then via
an on-off c¢lutch to the calibretion sprocket. Motion of the conversion
sprocket reaches the output counter throughe a differential, and motion of
the calibration drive is added to or subiracted from that counter accord-
ing to the sign of the increments passing the calibration head, through
another reversing clutch and the differential,

The record sprocket is driven through a one revolution elutch and an
adjustable reduction gear, and is =o able to locate successive readings of
any chosen instrument.

3#11- Loading

Correct loading of the analyser is essential., wWith the output counter
at zero, each of the conversion and calibration tapcs mas. be losded wifbl
its first reading at a datum. For the record tepe, the adjustable gear
box is first set to the number of instruments recorded, and then the first
of the instrument readings to be correeted iz located at the top of the
record sprocket, In esach forward run of the record tape only one instru-
ment can be dealt with, and the initial position of the record tape must
therefore corrsspond with the calibration tape loaded.

3,6 notion

When the device 15 switched on, power reaches the motor and a slugged
relay, which closes after the motor has accelerated and operates the clutch
to the mirror spindlc. Tt thus initiates comparison of the reading chosen
from the record tape with the first readings on the other tapes., In
general , both comparisons will reveal inequalities, At the end of the
filrst revolution of the mirror, therefore, three drives are clutched in,
One connects the mirror spindle and the conversicon sprocket; another the
conversion and calibration sprockets; and the third invokes either the
forward or the reverse clutch betwsen the calibration sprocket and the
differential, according to the sign of the first increment on the cali-
bration tape. During the sscond cycle of the mirror, therefore, the con-
version and calibratien tapes are both wmoved on by cne reading and towards
the end of this oycle the light spots compare the new readings with that
from the record tape, X

In general 1t will teke more than one cycle to cqualise the readings
from the conversion and callbration tespes with that from the record tape.
The first two drives listed above remain engaged for several cyeles, with
the third drive contreolled by the signe of increments passing the cali-
bration reader., The calibration tape will usuelly reach equality before
the conversion tape, and should never lag behind it.

When esquality is sensed between the calibration and record tapes,
towards the end of some cydle of the mirror, relays in the circuits com-
paring the pulse traina from the relevant photectors disengage the clutch
between the conversion and calibration sprockets, and lock both the ocali-
bration sprocket and the incremental input to the differential. In come
subsequent cyecle, the corwersion and record tapes reach equality and
similar relays disengage the conversion drive, to lock both it and the
output counter - the latter holding the correated instrument reading.

Drive is then switched from the mirror to the record tape, to move the
latter forward to the ncxt reading of the chosen instrument, and to {trans-
fer the thres digits on the output counter in turn to the typewriter or
tape/card punch, When this action is complete, drive is switched back tc
the mirror and the cycle repeats, for another reading.

- -



There may be a delay of up to 1C0 seconds before the first corrected
reading is avallable on the output counter. Dut thersafter the conver-
sicn tape will only have %o move a disbtance determined by the difference
between successive readings of the chosen instrument - a dafference which
wi1ll usually be quite small, and which can be dealt with quickly at 10
steps per sccond.

Two methods are available for stepping the process when sufficient
data have been read and corrected. A counter oould be attached to the
record drive, %o halt the device and ring a bell after extraction of a
preset mumber of readings, or alternatively sane form of mark on the
record tape could serve the same purpese, as 1t passed the reading head.

3.6 Development

The present scheme invelves manual resebbing after treatment of
each instrument, It maght be justifiable to combine the relevant cali-
bration tapes into one and to arrange that after the first instrument
in & batch had been %treated the record tape was rewound, repositioned
for the nex® instrument, and compared with a second calibration. The
whole process of reading a batch of instruments could thus be made
autamatic.
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