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An input programme for measurements

of track chamber photographs

by

G¢.R. Maclend

Introduction

The data-processing necessary for the evaluation °f a
large number of track chamber photographs is now generally

1,2)

accepted as involving three stages .
(i) Selection of interesting events by scanning.

(ii) Measurement of the photographs of these events by
the use of special digitised measuring projectors
whose output is in a form suitable for direct input

to an electronic digital computer.

(iii) Use of an electronic computer to carry out the
calculations necessary to have the quantities of
physical interest such as cross sections, angular

distributions, decay spectra, etc.

This last stage involves the writing and development of

computer programmes which will carry out the following taskss-

(i) The input of data from the measuring instruments to

the computer.

(1) The calculations necessary for the geometrical

reconstruction of each measured event.

(iii) The calculation of kinematic quantities for each

measured event.
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(iv) The calculation of statistical quantities from the

analysis of large numbers of events.

The present report describes a programme written for the
input of measurements of track chamber photographs to the Ferranti
Mercury computer at CERN. No detailed knowledge of computer pro-
gramming in general, cr of Mercury in particular, is assumed;
therefore no programme flow diagrams or computer instructions are

given,

I. General description

The Instruments for the Evaluation of Photographs (Iep)
in use at CERN have been developed to make measurements on projec-
ted photographs of track chambers. The electronic circuits and
digitisers which are part of these instruments allow coordinates
to be punched on a five-hole paper tape* (the data-tape) whenever
the operator presses a record-pedal. An electric typewriter is
provided by means of which additional information may be punched
on the data-tape, in order that the coordinates may be idenfified.
In what follows, and unless otherwise stated, it is assumed that
all characters put on the data tape except the coded coordinates
are punched by the operator using the typewriter keyboard.

The purpose of the Input Programme is to read the data-
tape and store the information on it in the computer ready for
the Geometrical Reconsivruction Programme. The input programme
must, of course, be combined with a reconstruction programme

before it is of much use, and it has been written in such a way

- —————

¥ See Appendix 1 for an explenation of the punched tape code and

conventions, .
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as to be as self-contained as possible. As a result it can be

used with various reconstruction programmes and to read data-

tapes from different measuring machines, without any major

changes having to be made.

The information which must be read into the computer

as initial data for the calculations on measurements of track

chamber photographs may be divided into four classess-

8549

(a)

(v)

(d)

Numbers defining the geometry of an experimental
arrangement, which are relevant Lo a whole series
of measured photographs. This class of information

is called Title One.

Alphabetic information and numbers concerned

with the measurement and/or kinematic analysis

of the types of nuclear events which have been
measured., This class of information, again rele-
vant to a whole series of measured photographs,

is called Title Two.

Alphabetic information and numbers representing
niscillaneous constants relevant only to a single
measured nuclear event. This is called Title
Three.

Numbers, representing the values of quantities
actually measured on the various stereoscopic
photographs of a nuclear event in the track
chamber, together with alphabetic information

by means of which the computer may identify the
measured quantities. This is referred to as

Measurements.
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The operation of the input programme may be considered
in two parts. PFirstly it reads information from the data-tape;
Secondly it has to sort, to carry out certain checks on, and
to store the information in the computer memory in preparation
for the calculations of the reconstruction programme.

The input programme starts with a Title Search - the
data-tape is read until a title one has been foundg; then the
information in this title is stored in the computer. When this
is completed, the title search continues, reading tape until a
title two is found. This is read and stored, and the title
search continues. Various tests are made on title one and title
two data to check for errors. Should such an error be found,
the computer makes an error print, and comes to a stop, to allow
the operator to decide whether the mistake will invalidate any
subsequent calculations.

When a title three has been read in and stored, the
input programme goes on to read in measurements, which must fol-
low title three on the data-tape. When all the measurements of
one event have been read, the reading process stops, and the
input programme begins the sorting of the measurements. Various
checks are made for internal consistency amongst the measurements;
if any of these tests fail, the computer makes an error print,
giving the necessary information to identify the error found.
The programme then continues to read more tape, searching for

the next title and measurements.

When the sorting is successfully completed, the geometry
programme takes over; after the calculations are finished the
input programme then begins with a title search to find the next

event.
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II., Reading
a) Titles

The titles must be preceded by the number of the title and
an apostrophe. Thus the "warning sequence’ 3' indicates that a

title 3% is to follow on the data-tape.

The title search reads the data-tape looking for these
warning sequences. It is arranged tha*+ titles two and three are
ignored until a title one has been successfully read and stored
in the computer memory, and that all titles three are ignored
until a title two has been successfully read and stored. In
this way it is not possible to read in any measurements until
all the constants necessary for the ensuing calculations have
been stored in the computer.

The warning sequence of two apostrophes terminates any title.
At the end of titles one and two, the characters ' ' cause the
input programme to return to the title search. At the end of a
title three the same characters cause the programme to begin

to read measurements.

Title one contains the following numbers:-
(a) A reference number to identify the data-tape.

(b) An integer giving the number of media of refractive
index % 1 through which a light ray passes between
the sensitive volume of the‘ohamber and the camera
oojectives.

(c) A series of numbers in fixed-point format (inte-
gral part, decimal point and fractional part)
giving the refractive index of the medium in the
chamber, and the refractive index and thickness

of each medium (b).
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(d) An integer giving the number of cameras.

(e) Fixed point numbers giving the =x,y and z coordi-
nates of the front nodal points of the camera
vbjectives.

(f) An integer giving the number of fiducial marks
on the inside surface of the front glass of the
chamber.

(g) Fixed point numbers giving the x and y coordi-
nates of these fiducial marks. (It is assumed
they are coplanar and their plane is defined as
z = 0).

(h) An integer giving the number of fiducial marks on
the inside surface of the back of the chamber.

(i) Fixed point numbers giving the x, y and 2z coor-
dinates of these marks.

(j) An integer giving the number of miscellaneous
constants.

(k) The miscellaneous constants (j) in fixed-point

form.

Each number (integer or fixed-point) must be terminated
with a comma and each fixed-point number must be preceeded by
its sign; there are checks in the programme to see that the
correct number of integers are read and that the correct number
of fixed-point numbers follow each integer. Error prints are
made and the programme comes to a stop if any of these checks
fail. A typical title one is given in Appendix 2.

Title two is arranged to recognise the ten warning
sequences 7T 0, 71l....79 which are intended to preceed up to
ten different "sub-titles" tu allow up to ten different sets of

supplementary information to be read into the computer. So far,
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only four of these have been used,.and they are:-
(a) 7€ 1 precedes the Label List
(b) 7 2 precedes the Kinematics List
(¢) 773 precedes the Range Energy Table

(d) W4 precedes the Serial Number List

The Label List is described ii. Section IIc - Autolabel.

The Range fnergy Table consists of a sequence of fixed-
point numbers. The first of these specifies the interval of range
for which the values of energy are quoted, and succeeding fixed-
point numbers give these energies in order of increasing range.

A total of 120 values are allowed, and a check is made to see

that this is not exceeded.

The Kinematics List consists of an integer specifying
the number of constants which follow, and then a series of fixed-
point numbers giving values of such quantities as primary particle

energy, particle masses, etc.

The Serial Number List consists of a list of the serial
numbers of events whose measurements it may be required to select
from a data-tape containing in addition many other measurements.
(see below) A typical title two is given in Appendix 3.

Title three is very similar to title two, in that it
recognises the warning sequences 70 to ?9 of ten possible sub-
titles. None of them have been used so far, but they are
intended for quantities such as instantaneous values of magnetic
fields, changes of primary energy, etc. In addition, title three
reads the serial number of the event whose measurements it precedes.,
This is expected to be the first item after the warning sequence 3!

and may be up to 7 decimal digits long, terminated with a comma.
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A search facility may be used with title three if a
certain hand switch is set on the computer console. The serial
number when read is compared with the entries in Serial Number
List, previously read in as sub-title 74 in title two. If
this serial number is found in the list, the entry in the list
is erased, and the programme proceeds to read in the measurements
of this event. If the serial number is not found in the list,
the measurements immediately following are ignored and the pro-
gramme passes to the title search to find the next event. This
facility has been found very useful in selecting certain events

from long data-tapes for special calculations.

b) Measurements

The measurement of the photographsof a nuclear event in
a track chamber requires that measurements of various items be
made vn at least two sterecscopic photographs. The items may
be points (fiduoial marks, scattering points, stopping points
of tracks) or tracks, and the measurement of each item will
consist of one or more courdinates. These coordinates are repre~
sented on the data-tape by a number of punched tape-rows. The
number of tape-rows per coordinate (the "multiplicity" m) must
be fixed, and this series of tape-rows must be preceded by the
tape-row corresponding to a left hand bracket in the Mercury
tape code, and must be followed by a right hand bracket. The
choice of code for the coordinates is very wide, as the input
programme will read in any character between the brackets; the
programme checks that m and only m characters appear between
the brackets. The group - (m characters) - is called a coordi-
nate sequence. According to the kind of measuring projector
being used a coordinate sequence may correspond to a pair of

cartesian coordinates, or an angle, etc. When the operator
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presses the record-pedal a complete coordinate sequence is punched
on the data-tape.

In order that the computer programme may identify the
measurements of the various items, ecach must be associated with
a "label". The labels consist of 2 characters, either of which
may be a letter, A to Z, or a decimal digity, O to 9. The con-
vention adopted is that measurements of z point are labelled by
two identical characters, measurements of a line by two different

characters. The acceptable labels are then classified as follows:~

(i) Two identical figures, labels of type 22, specify
the measurement of a fiducial mark. (In this case

fiducial mark No. 2).

(ii) Two identical letters, labels of type AA, specify
the measurements of a well-defined point on the

photograph (say the apex A of a scattering event).

(iii) Two different letters, labels of type AB, specify
the measurement of the line between points A and
B (say the track of a secondary particle produced
in a scaftering at the point A, and which stops

in the chamber at th: point B).

(iv) A letter followed by figure, labels of type A2,
specify the measurement of a line passing through
the poinc A (say the track of a secondary particle
produced in a scattering at the point A, and

which does not stop inside the chamber).

(v) Two different figures, labels of type 23, specify
the measurement of a line whose ends are not
specifically measured (say the track of a non-
interacting particle which passes completely through
the chamber),
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To be accepted by the input programme a measurement must
be made up of an acceptable label, and one or more coordinate
sequences immediately following on the data-tape. A label not
immediately preceding a coordinate sequence is ignored, as is
an isolated coordinate sequence.

At the beginning of the measurements relevant to photo-
graph 1, 2, 3 or 4 the labels +1, +2, +3 or +4 must appear on
the data-tape. For reasons of symmetry in the programme, these
labels have to be "accepted" in the same sense as other labels.
They must therefore be followed by a coordinate sequence, though
the contents of the sequence are ignored.

The end of measurements for a given event is indicated
by two apostrophes '', When these have been read, the input

programme begins the sorting of the measurements.

A variety of error-correction marks are available for

corrections to be made on the data-tape.

(i) Erase X' allows any tape-row punched in error to
be ignored by overpunching with the erase tape-row.
Between the brackets of a coordinate sequence, how-
ever, } is not ignored and so this facility is

not available.

(ii) Pi 7t , if immediately after a coordinate sequence,

causes this sequence to be ignored.

(iii) Query ? allows everything on the data-tape back to
the closing bracket of the last accepted coordinate

sequence to be ignored.

(iv) Minus - causes the last accepted measurement to

be ignored (label plus coordinate sequences).
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(V) Comma , causes all measurements of the present

photograph to be ignored.

(vi) Dot . cancels all the present event, its measure-

ments and its title three.

The input programme stores the measurements in the
following way. As the measurements are read in, the coordinates
(obtained by suitable de-coding of the coordinate sequences)
are entered serially in a list called Number Store, in exactly
the order they are on the data-tape. At the same time a count
(gamma) is kept, which starts at zero as the measurements of
an event begin, and which is advanced by one after each entry
is made in number store. In computer terminology gamma is the
"address" of number store entries*. Recording the value of
gamma as each new label is read allows the entries in number
store to be associated with their label In fact in order to
identify all the entries in number store, two index lists are
made up as the measurements are read in. These are Photograph

List and Initial List.

Number Store may be imagined as a list of coordinates,; one
coordinate per line;y; with each line is associated a number,
starting at O for the first line, 1 for the second line, 2 for
the third line etc. This number is gamma, and it provides a con-
venient way of referring to the coordinates entered in number
store, ormore generally to entries in any list, ¥ = 3 for
instance specified the coordinate in the fourth line of number
store; i.e., the "address" of this coordinate relative to the

start of number store is 3.
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warning sequence 7{1 must precede the labels, and the set of
labels corresponding to events of type O or type 1, etc., is
preceded by the characters /O or /1 etc.. Up to ten different
types may be specified. After the decimal digit the programme
expects to read the set of labels appropriate to the type of
event specified and in the same order that the various items
of the events will be measured.

As the labels are read, the programme compiles a Label
List containing the labels in the order they appear on the data-
tape, and a Label Indéex with one entry for each type specifying
the number of labels appropriate to the type, and where they are
to be found in label 1list. A total of 118 labels may be read,
with no restriction on how they are distributed amongst the va-
rious types. Photograph labels are not allowed in the label lists.
Various checks are made during the compiling of the label list
and index to see that only acceptable labels are used and the per-
missable number of types or labels is not exceeded. Error prints
are made if an error is found.

If an event is to be measured using autolabel, this is
indicated in title three. The serial number of the event is no
longer terminated with a comma but with an oblique stroke, followed
by the type number. After reading this, the input programme checks
in the label index that labels for such a type-number exist in the
label 1list.

The start of the coordinate sequences of each item must
be marked by an oblique stroke when autolabel is used; a single
conveniently placed button allows the operator to punch this cha-
racter on the data-tape, without interrupting the measuring process,
A measurement will be accepted in autolabel if it is made up of
an oblique stroke immediately followed by one or more coordinate

sequences. The input programme keeps a record of the number of
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such measurements it has read for each photograph of an event

by counting the oblique strokes read It finds, using the label
index, the corresponding label in the label 1list, and this label
is then entered in the initial list. Thus when the fourth obli-
que stroke is read, the fourth label in the label list is selected
as identifying the coordinate sequence immediately following on
the data tape.

It is possible to change any label for a given event by
punching the oblique stroke followed by the required label punched
from the typewriter keyboard just before the coordinate sequence(s).
In this case the required label will be entered in the initial
list instead of the label in the label 1list corresponding to that
particular oblique stroke, The oblique stroke count however is
advanced by one, so the net effect is as if the required label
had been substituted for one in the label list for that particular
event,

If it is required to insert the measurement of an item for
which there is no label included in the label list, this may be
done by putting the required label followed by its coordinate
sequence(s) on the data-tape ensuring that the label is not imme-
diately preceded by an oblique stroke. In this way the coordinates
will be entered in the number store and the required label in the
initial list without the oblique stroke count being altered. The
net effect is as if the required label had been inserted in the
label 1list for a particular event.

If it is required to jump round a label in the list (if,
for instance the item is not to be measured on a certain photograph)
this may be done by putting two oblique strokes followed by the
coordinate sequence(s) of the next item. The oblique stroke count
is advanced by one for each stroke, but the label corresponding
to the second stroke is entered in initial 1list as identifying the

coordinate sequence. Putting three strokes in succession allows
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two labels in the list to be ignored, and so on.

ITI. BSorting

The sorting of the measurements begins by making up a
Type Index for each possible type of label. Each label written
in initial list is examined, and according to its type the number
of the entry in initial 1ist where the label is to be found is
written into the appropriate type index. The five indices made
up are Fiducial Mark, (label of type 22), Point (AA), Line type
1 (AB), Line type 2 (A3) and Line type 3 (23).

The second part of the sorting process compiles the Recons-
truction Lists, one for each label read in with the measurements,
Using the type indices to show where labels of each type are to
be found in initial.list, an ordered set of reconstruction lists
is made up; the fiducial mark lists are made up first, followed
by lists for all the measured points and finally for all lines.
Each reéonstruotion list is headed by the label to which it refers.
One entry is made in a reconstruction list for each photograph.

It contains the address of the entry in the number store where

the coordinates for the label and photograph in question begin
(¥'), together with the number (n) of coordinates relevant to

the particular label. If an item is not measured on a photograph,
both entries for that phot.graph are made zero.

During the sorting process, checks are made to see that
any one label is not used twice in the same photograph, that no
label is used without being preceded by a photograph number, and
that there are not measurements for more photographs than the
number of cameras read in by title one. Should any of these tests
reyeal an error the computer prints out the error and returns to

reéding tape, ldoking for the next event.
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In figure 2 is shown the complete set of lists made up by
the programme for the very simple event whose measurements are
shown in figure 1. The information on the data-tape is shown in
figure 1, where (1 89) for instance represents a coordinate sequen-
ce, containing in suitable code a series of tape-rows representing
the coordinate pair x =1, y = 89 of a point measured by the
digitised measuring projector

Using the 300 character per second tape reader on Mercury,
the input programme will read and sort the measurements of a
3-prong star on three photographs, in about two to five seconds,

depending on the number of coordinates measured per track.
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Single incident particle Al

stopping in the chamber at A.
Two fiducial marks 1 and 2 on
the chamber front glass. Two

stereoscopic photos of this event,

Data-tape for measurement of this event

3!
12345,
1t

+1(1 89)
11(1 89)

AA(TO 48)

A1(38 53)(27 54)(10 57)(-4 58)
22(77 2)

+2(77 2)

11(12 98)

A1(-9 65)(20 54)(42 48)(62 41)
AA(TL 39)

22(61 -9)

Title three warning sequence
Serial number

Title closure

Photo 1 warning sequence

Label and measurement of fiducial
mark 1

Label and measurement of point A
- " - track Al
- " - f.mk. 2
Photograph 2 begins

Labels and measurements of photo 2

End-of-measurement sequence

Fig. 1 Data-tape for the simple event above
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Note: On the CERN Iep typewriters
the character ¥ replaces ?

and A replaces .

Fig. 3 The tape code for the Ferranti Mercury computer

SIS R/1329



- 21 -

Appendix 1 - Tape-rows, Symbols and characters.

The Mercury tape-code is shown in fig. 3. Each row of
perforation across the paper tape may have any cowmbination of
holes from none to five. One such row is called a "tape-row",
The first column in fig. 3 shows a diagrammatic representation
of the tape with all 32 possible tape-rows. The second column
shows the numerical value of each row, if it is regarded as a
5-bit binary number where a hole represents 1 and no-hole O.

Each tape-row is associated with two symbols (shown in
columns three and four of figure 3, with the exception of tape-
rows zero and 27. These two tape-rows are reserved for the
following interpretive role. If the zero tape-row is punched
on the tape, then each tape-row punched afterwards is taken to
represent the cooresponding symbol in the Figure Shift column
(column three in fig., 3). As soon as the tape-row 27 is found
on the tape, then all succeeding tape-rows are interpreted as
representing the symbols in the Letter Shift column (column four
fig. 3). A punched tape is "read" by being passed through the
photo-electric tape-reader on Mercury, in the same direction as
it is punched. From the point of view of the programme, "reading
a tape" means examining the 5-bit binary numbers corresponding
to each tape-row. By means of the tape-reader these numbers may
be stored in the memory of the computer. When tape following
a figure shift tape-row (but before a letter shift tape-row)
passes through the computer tape~reader, the tape is said to be
"read on figure shift". Tape following a 27 tape-row and before
a zero tape-row is '"read on letter shift".

For the perforation of data-tapes from the digitised
measuring instruments, an electric typewriter is arranged with a

coding diode-matrix so that when any kcy is depressed, the tape-row
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corresponding to the symbol of that key is punched. An electronic
circuit ensures that the appropriate shift tape-row is punched
on the tape whenever the key pressed requires a change of shift.
This allows labels and titles to be put on the tape. The measu-
red coordinates are punched out directly from the digital circuits
by operating a pedal.

The term "character" is rather loosely used to mean either
the symbol, or its corresponding tape-row, or both. With luck
the context makes it clear which is meant. '"The character A is
put on the tape" means that "the tape-row of binary value 1, on
letter shift, is punched on the tape". No distinction is made
between capital or small letters, and letter or figure shift does
not correspond to the shift-key (upper or lower case) on a type-

writer.
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Appendix 2 - A typical Title One

1! Warning characters

12015, Reference Number

1, Number of media (one front glass)
+1,093, Liquid refractive index

+1.517, Glass refractive index

+80,0, Glass thickness

3, - Number of cameras

+67.9, =152.,2, +77.3, x-coordinates of cameras 1, 2, 3
+128.6, -9.5, -131.1, y-coordinates of cameras 1, 2, 3
+1128.0, +1128.0, +1128.0, z-coordinates of cameras 1, 2, 3

3, : Number of front fiducial marks
+100.8, +0.1, =99.2, x-coordinates of front marks 1, 2, 3
+0.,68, -99.87, +0.53, y-coordinates of front marks 1, 2, 3
0, Number of back fiducials (zero,

therefore no coardinates follow)
3, Number of constants
+2.0, Allowable tolerance on fiducial

mark measurements

+50.0, Allowable tolerance on photograph
measurements (in digitiser fringes)

+100000.0, Maximum calculable radius of
curvature

1t Terminating sequence

Coordinates may be in cms or mms, but must be consistant.
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Appendix 3 - A typical Title Two

21
K1

/1

11 22 AA Al A2 A3 33 44

/3

11 22 Af Al AF FF AG GG
33 44

AW,

+4.0,

#0400, 46,7050 0ecseencens

.a..--...+68.00, +68050,

2
+250.0, +938.,213,4..+1.0,

Tt

8549

Warning characters for title
Warning characters for subltitle
(Label List)

Event type 1

Labels in order of measurement for
type 1

Event type 3

Labels for type 3

Next sub-title (Range/energy table)
Step length in mms

n values of energy for successive
ranges from O to
(n-1)x(step-length)

Next sub-title (Kinematics List)
Various kinematic constants,

order and number depending upun
kinematic programme

Terminating sequence
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- Error Correction Marks

~
Tror A

Examples

Examples

- Minus

Examples

) comma

8549

erases last coordinate sequence which was part of an
accepted measurement. It must immediafely follow the
coordinate sequence to be effective. Its effect is
cumulative until all coordinate sequences of a
measurement have been erased and the label has been

"de-accepted". The label is not erased.

(asterisk * represents a complete coordinate sequence)
AR YANAN

AA* AB*¥%% XA AA% ABXXXXANAA
AA% AB¥¥%% 3 & AA% AB¥¥%*ARAAAL
The sectien underlined is erased. In the third

~
example A has no effect.

erases all characters back to the last accepted measu-
rement, which is not erased. Overules the error marks

minus, comma and dot.

\
AB¥% A2 - A%, A6W./2 E
AB¥* 2 B B B

erases last accepted measurement., Cumulative until

last accepted photograph label which it cannot erase,

+2% AB ¥¥¥%¥  AA¥ - -
+2%  AB ¥¥¥¥  AA¥ - -
10%  AB ¥¥%¥%  AA¥ o o = - -

erases all of present photograph: cumulative until

previous title closure sequence which it cannot erase,
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Examples
311234,"" +1% AA* AB¥** +2% AAX ABX¥¥X,
311234, 1 1% AA¥ AB¥¥¥ 2% AA¥X AB*¥*¥,,
311234, +1% AA¥ ABXX¥¥ 1O% AA¥ ABX¥¥X, .

« Dot erases all measurements of an event, title three

included. It simply returns control to title search
whioh searches for the next event. If several dots
put in succession, only first is effective, next
ignored. Measurements must be terminated as usual

with '! to make dot effective.

All error marks must be followed by an accepted photograph
label, an accepted measurement, or an end-of-measurement sequence
before they become effective.

All error marks are available with autolabel. When a comma
is used it is not however possiblec to add any autolabel measure-

ments to the previous photo, e.g.

VAT At S L) bt +2*/*/*** is permitted
[* /%% L3k [%5%x% /%, [¥x[% 12% /% ig not permitted

Only one minus correction mark may follow an auto-label

measurement preceeded by several oblique strokes.

J*///[* = /% is permitted  /¥///* - - - /* is not permitted

i

X Erase Any character punched in error may be ignored on input
if it is overpunched with tape-row 31 (five holes).
Not to be used between the brackets of a coordinate

sequence.,
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Appendix 5 - FError Prints

Errer prints in titles are followed, after the title
closure sequence has been read, by a hoot - low note, as many
high notes as the title number, low note - and a stop. After
all other error prints control passes to title search without

any hoot or stop.
a, Title One errors

- All prints preceeded by the print ERROR which starts on
a new line,
- If an incorrect number of fixed point numbers is found

after an integer, one of the following prints is made
TOO MANY FIXZD POINT NUMBERS BETA = or
FIXED POINT NUMBERS NOT COMPLETED BETA =
followed by a value of/Q showing which integer is concerned.

ﬁ = 0, reference nunber; }5= 1 number of mediaj /9: 2 cameras;

A

]

3 front fiducials;‘ﬂ = 4 back fiducials; f?= 5 constants,

- If the number of integers is incorrect, prints out

> 6 INTEGERS READ BETA = or
< € INTEGERS.
- If the reference number overflows, the print

>> 6 DIGITS IN REFERENCE NUMBER is made.
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b, Title Two and sub-title errors

- All prececeded by ERROR T2 on new line.

- If more than ten sub-titles are used, ,iints
>>10 WARNING SEQUENCES ALPHA =
with a value of X, which counts the sub-titles read in.

- In label-list sub-title il, following prints are

available.
TYPE NUMBER MISSING if / not followed v, decimal digit.

LABEL ODD if number of label characters is not even, or if

a photograph label is usecd.

LBLST >59 BETA = if label list overflows, with
value of/3 showing at which label this occurred.

- In kinematics list W 2, one error print possible; R42
if an incorrect number of constants found.

- In serial number list T4
SERIAL NUMBER TOO LONG if more than 6 decimal digits.

SERIAL NUMBER LIST TOO LONG if more than 159 serial

numbers read.

ce Title Three Errors
- All prints preceeded by ERROR T3 on a new line.
- If serial number overflows prints
> 7 DIGITS IN SERIAL NUMBER

- If title is closed without serial number having been

terminated, prints
NO SERIAL

- If serial number is terminated with / but not followed

by decimal digit prints
TYPE NUMBER MISSING
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d. Measurement errors

-~ All preceeded by ERROR on new line
- If an incorrect number of characters is found in a

coordinate sequence, prints
IEP SQCE uv J =

the label wuv indentifies the measurement where the error
is to be found and the value of J gives the photograph number.
If autolabel is in use uv is replaced by /3 where ¥ is the
value of the oblique stroke count when the fault vas found.
N is punched in binary.

- If no entries have been made in lawvel list for the

type number specified with the serial number in title three, prints
LBLST N NO ENTRIES, whereN is the type number.

- If the oblique stroke count exceeds the number of labels

in the list for the type in question, then prints

LBLST EXCEEDED.

e, Sorting errors

- All preceeded by ERROR on new line
- LABEL uv J = .
If J = 0, the label wuv has been given without a
photograph number. If J > the number of cameras, too high a

camera number has been specified.
- LABEL uv USED TWICE. J = .
If the label wuv occurs more than one in photo J.

- LABEL uv ENTERED J = ’ ’
with values of J specifying the photographs for which uv already

been cntered in reconstruction list. This print is made if
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measurements are given on more cameras that have been specified
in title one.

- If the number of reconstructisr lists exceeds the
allowed value for any type of item, the following print is made

showing where the overflow occurred.

RCLST EXCEEDLED LABEL uv,

Appendix 6 - Coordinate seguences

000.00 Figure shift, if necessary. g
001.01 Left hand bracket (

XXX e XX 5-bit binary number of value a;)

XXX o XX " b )

S " . 3 X-coordinate

XXX e XX " d ) most significant
XXX o XX " e

XXX o XX " f g

XXX« XX " g Y-coordinate

XXX o XX " h 3 most significant

001.10 Right hand bracket )

f/\’

-

motion of tape

In the above sketch of the tape . Trepresents the sprocket
hole, O represents no-hole and 1 represents a hole punched in
the tape. x may be a hole or nuv-hule., The 5-bit characters
used to code the XY coordinates are read as pure binary numbers,
left to right in the skétch. TFour characters are used for Y

and four for X, and the coordinates are given by

X d, 325 + €, 322 + b. 32 + a

3

Y =h, 327 + g. 322 + £, 32 + e

Thus X and Y may have values from O t» 220—1
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The multiplicity defining the number of characters to be
read between brackets, and the decoding routine which converts
these characters to binary-numbers in the computer may be readily
changed to allow other coding schemes to be used for coordinate

sequence.

Appendix 7 - Limits to storage

The limits on information which may be stored are as followss

Title 1 - reference number of up to 6 decimal digits
coordinates of up to 4 cameras
- - L monoon 6 front fiducials

- " "o v 4 bvack fiducials

- 9 refractive indices
- 8 thicknesses

8 miscellaneous constants

Title 2 - up to 10 sub-titlesTO +toT9
-l up to 10 type numbers, with a maximum total of
118 labels
TT" 2 seventeen constants
i7 3 up to a maximum of 120 entries in the range energy
table.
T4 up to a maximum of 159 serial numbers, each number

¢f up to 6 decimal digits.

Title 3 - serial number up to 7 decimal digits
- up to ten type numbers /O to /9
- up to ten sub-titles ?0 to %9
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Measurements
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measurements on

- up to a maximum

up to a maximum

up to a maximum

- 32 -

up to
of 10
of 20
of 30

up to a total maximum

4 photographs

fiducial marks on each photo
points on cach photo

tracks on each photo

of 2500 numbers may be read in

for each event (or 1250 x-y coordinate pairs).



