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F O R E W O R D 

, 4 The processing of the visual information_contained in bubble-chamber 
and spark chamber photographs is an-essential part of these detecting 
techniques, and the instruments needed for suCh processing are rapidly I 
-growing in importance. This growth presented the organizers of the 1962 
Instrumentation Conference, held at CERN on July 16-18, with a problem whidh 
their immediate predecessors (at Berk§%ey, in 1960) had already had to face: 
how to provide an adequate discussion forum for this specializéd subject 
while keeping a balanced view of its place in the instrumentatiOn field as a 
Whole. Following the Berkeley precedent, it was decided to supplement the 
sessions of the Conference devoted to data handling by an additional day of 
discussions, which would be open to all those specially interested in these 
techniques. 

-The meeting was organized, on informal lines, by the Data Handling 
Division of CERN (Dr. L. Kowarski acting.for the Division as a whole, 
Mr. M. Bénot and Mr. B. Elliott as scientific secretaries, and Mrs. G. Andreossi 
as executive secretary). 

Communications and discussions were invited on the three following 
topics: 

1. Present state and prospects of semi-autbmatic devices for 
the processing of bubble pictures: the Rough-Powell system 
(CERN, Berkeley, Brookhaven and Harwell), the Scanning and 

Measuring Projector (Berkeley), the Precision Encoding and 
Pattern Recognition device ( M . I . T . ) ,  e t c .  

2. Ideas and reports on similar devices for spark pictures. 

3. New developments in programming for the systems currently used 
(digitizing projector) and for those about to be used. 

In the course of the Meeting 19 communications were presented and 
many of them were followed by lively discussions. Since the Meeting was meant 
to be a discussion platform rather than a publication medium, and since the 
authors of communications were not bound by any formal rules, the accuracy 
with which individual communications could be reported in the present Preceedings 
had to depend on the efforts put in by their respective authors. Some of the 
speakers (not the majority) had prepared formal papers which could be presented 
in the usual way and were ready for inclusion in the Proceedings. One paper 
was written after the meeting. other speakers based the presentation and the 
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subsequent discussion on papers which had been previously released as 
laboratory reports, or — a day or two before our Meeting - at the Instru— 
mentation Conference: in these latter cases the presentation at the Meeting, 
with its freer timetable and more specialized audience, gave an opportunity 
for a more detailed treatment of the subject matter than was possible at 
the Conference. In a few cases the editors were left with ho document other 
than a tape recording of the spoken communication and they made an attempt, 
findex their OWn responsibility, to summarize its contents. 0f the total 
volfime of communications which were presented at the Meeting only abouxjone— 
half appears here in a completely written~up form; the rest is répresented 
by summaries, bibliographical references and discuSsions. (In the list of _ 
communlcatlons Which immediately follows this ForeWord, P stands for 
"submitted paper", R for "referénce", S for "summary“ and T for "conden- 
sed transcript"). ~ ”" 

The figures and pictures appear at _the end of each cdrresponding 
paper and, although no Captions were provided by the authors, the references 
and the context may be hoped to establish an unambiguous connection. 
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influence of ionisatiop loss 
and coulomb scattering 'on the“ geometrical 

reconstruction of tracks in bubble chambers 

R. 3601;, S. Shapira 

(CERN) 

' This paper describes results obtained by geometrical reconstruction 

of tracks created artificially by a programme, in simulating the behaviour 

of tracks in a bubble chamber. 

1. The programme for artificial track constrqibn (ATO) u"ses a 

number of parameters as starting information. Those are: 

$7,, = initial point co-ordinates 

Xox-{fg = initial dipping and azimuthal angles _ 

¢ ,f?___=' initial momentum, particle mass 

AL = step length for successive points (chovszen 179,, .be 0.5 mm). 

Furthermore, the Quantities necessary to transform space co-ordinates 

into film co—ord1nates,_a range—energy table, a coulomb scattering 

constant K and a r. m.s .  measurement error (.3 x are prescribed. 

The results quoted below werexrobrtained using the datafqr  the Saclay 

81 cm3hydrogen bubble '- chamber with three cameras. 

Tracks are constructéd according to thé following formulae, until 

a prescribed length L of. the track has been constructed. 

a a “> L T . 
(1) xx} = X ‘>_ 1 + 3 "  + ilk, > ‘ i . . 1 J 1  

o I L ._ . ‘ n where... la) In}; — A L  . cos} Q... 1 sin L( \3_ 1 

sin?! 0... 1 
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"S inWo— 1 r‘ 
1b) 2:23: -(_ AL cos> -_12)/2,o 0 - 1 ) , : m 3 f  o-  1 

(2) 9 9 = 0 P «HAL (N 92-; "random number out of a normal 
A 9 distribution with width = 1) 

413) ”“75"?2’5 = S\) ' 24"  ' . .: (So =, random number between .Z‘Oand l )  
(4) , R) = PFZENP o -"1)"__ Ag (PF, RF momentumeranéé cofiféisiién) 

(5) )9. = >\)— 1 *7 9.0 C°§¥il . ; 

(6) PA) : =  ‘9‘”. 1 + 9:; sifiKD+ [SI-cos) o-  1/(0\)_ l 

( 7 )  (9 P g  COS >\\)/¢3H 

In these formulae X represents the space co-ordinates for  a point, 

A and LF are the dipaniaziniuthal arigléts, l/f is the projected 
curvature, A L  "the step length along the-track and 0 the step 

index. Further P = momentum, 9 = scattering angle for a step 

I (1n space), 'svcattveri’ng- constant, U = Velocity and (X — random 

2 a 

. 3 .  
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angle to give the direction of scatterlng in' space. 

This? ATC programme was linked directly into the geometry progrannne 
used at CERN, the formulae of which are described in detail in 

CERN 60-351). This programme uses the chamber geometry and the 

measured film co-ordinates to £11: a helix in space, assuming approQ 

ximately that Gaussian measurement errors have been made on the 

film. 

To studs} the systematic influence of ionisation loss on the 

reconstructed rééultg and'1 to obtain cd-rrections for them, thé"-ATC 
programme was mainly used with K = O and A 'X. = 0 ,  Le. pro- 

ducing "ideal" trajeétories. 
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The parameters varied were Po' M and L. 

(a) 

(in 

Influence on the rééonstfuctéd curvature. 

To study the 14p resulting from thg geometry programme 

the quantity Lr /L was plotted against Lfrfor equal 

sets of Po , M. L? i, defined as the length along the 

track between the starting point and the point at which 

the particle had a momentum corre5ponding to the reconstructed 

curvature. In the existing geometry and kinematics ppogram— 

mes this quantity L? /L is aSSfimed to be 0.53i Thé results 
for "ideal" trajectories showed that Lf /L can vary ‘ 

between .4 and .65 in a systematic way with generally two 

maxima,one of which is always reached when the "measured" 

length is equal to the range. The considerable deviatibns 

from Lf /L = .5 occur mainly for light particles and 

long tracks. The maximum error one can make with the 

assumption LP /L = .5 was estimated to be (SP/P = 
for the corrected' P at the starting point of the track. 

In addition the results show (Fig. 1) that both'measurement 
érrors and coulomb scattering ce .use uncertainties for L? /L 

which overrule by far the systematical deviations. 

Influence on the reconstructed azimuthal angle. 

It is.obvious that the helix assumption in.the.geometry 

prégramme-also causes a systematic gyror in.the azimuthal 
angle.,14;though this difference generally is withgn the 

uncertaintj_fpllgwing frpm, K .and= (XX, its,systematic 

_ behaviour could be studied by setting these influences 

zero. The differences between Lflo and L(fi (reconstruo. 

ted) at the starting point (particle travelling away) were 

found to be consistent (Fig. 2) 



4. 
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(fi : ’Ifange'ifimdms, "M 'ifi Gev;'1%)in radians)‘ '5 

The sign is poSitive for a track curved anti—clockwise. 

(i) “F9; the coulomb scattering the aim was to find a suitable 

(ii) 

_ formula_tg,§xpress the uncertainty of the reconstructed 

>.rgsults. If one recalls the definition of .an error matrix 

term Gi j l H6~ 6‘3 it seems easy to find_ such a matrix. 

Each Ofi. is defined with i, j referring respectively to 

1 / [ 9 '  7\ L? as the difference between the original quanr 

tifiy entered into the ATC—programme and its corresponding, 

regonstnqgtgd result. To avoid systematical influences Efie 

energy loss.was aséumed to be zero in this inveétigatign4? 

All products 0‘ 03 were formed in each event and averaged 

for a:samp1e of events with exactly the same starting condi- 

‘gtions.fi In order to get an uncertainty of rd 1Q% for the gia- 

‘ gonal glements of the average error matrix each sample had 

t6 comprise rv 100 events. The average of each samglq was 

regarded as the error matrix for the given starting conditions. 

To find a fdrfiulé consistent with thesé results, the éééfifip—iflu 

tion'was‘uSed‘fhaf the expression for the average scatfefing 

angIé hdldé'f6r ény”iistahce*'L (i.e. this angle is pfibpor; 
tiofiél to Kf‘i) and that furthermore all actual points lie 

on thé same sidé of the ideal particle~frajectory. As this 

obviouély‘leads to an overestimation of the actual ififluénce, 

*é'dbnstant~factor must be expected. With these aSSumptions 

{he expectea'befiaéiéfir is (apaft from thé influences of the 

number of measured points, which is witflifi‘ i 3%) 



(iii) 

%
 

>53
 2:

? 
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?
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C A L / L  

CW fr? 

where f = 7g%5* 

The matrices obtained by the ATC programme were consistent 

with these formulae and no systematic behaviour of the 

coefficients, C, could be observed. 

The average values are:  

each obtained with an accuracy of V“ i 3% from 50 different 
starting conditions. 

In addition the non—diagonal terms in the error matrix were 

looked at. The only element which turned out to be not 

zero Within the fluctuation inherent to the method was _,,__~m 
6‘14? 6;b. After normalisation this term seemed to be 

constant and was averaged to give 

M m  = — .31 
67/10 ‘51s 

No influence of these results from the dip angle >\ was studied, 

all numbers given refer to ?\'= O. 

1) W.G. Moorhead, "Programme for the Geometrical Reconstruction of 
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Curved Tracks in a Bubble Chamber", CERN 60-533 
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A criterion for the goodness of measurements of tracks 
in hydrogen bubble chambers2 and how to measure the 

tracks in order to make it significant 

E. Fett (CERN) 

1. IntroductiOn 

It is wellknown that the Geometry Programme used by CERN fits 

a helix to the measurements of tracks from hydrogen bubble chambérs. 

The helix is deflned by the radius of curvature, dip angle, aZimuthal 

angle and the co—ordlnates of tne starting point. The errors were 

calculated in the least squares procedure using the fact that each:.h 

measurement gives rise to one linear équation and these equations afe~ 

assumed to have the same weight. 

The new Geometry Programme, THRESH, will calculate the errors in 

a different manner. THRESH assumes that each co-ordinate given by the 

measuring devicé has a wellknown and constant errar 8 , and the error ' 

matrix is found using the method of propagation of errbrs. In other 

words: THRESH aSsumes thaf the measuremenfs are good; or afi least normal. 

This paper suggests a way of testing this assumption for each single 

measured track. 

2. Description 
-—_———-———— 

Let us, as a first approximation, assume that the actual track 
and the fitted hélix'are identical. The true measure_for the goodness 
of meaSuremefifs fiofild then bé the spread of the méésfired points (on 
the film-viéws) iléfig the réprbjebtidfis of the fifitéd helix on theSe 
film—planeé. Thus if the distance from a méasured point P1 to thé‘ 

reprojected curvé is Di , we may define. 

5327/ga 



— l2 --— 5T 

2 ..j;u_,“._..,‘ 2 

S N ;;;~—: lDl 

where N is the number of all measured points. 

3. Significance 

“ Unfortunately the actual track and the fitted helix are not 

quite.identical, iherefore 82 will not be zero even if you have-a 10q% 
efficient measuring device. Due to multiple scatter we will have a mean 

effect Si @heregwe_average over all tracks of particles with the same 

starting-condition)o If we have normal measurement errors , and_i f  

the effects are uncorrelated, the mean of.:S?i will be 

a $1 ‘— Sl + Si_.+ 82 

where‘ 322 is'due to énergy loss and systematic distortion. Thus »82‘ 

will be significaht'as a meaSure far the goodness Of measurements onlyz 

wif'3312~ + 822<£(¢§2; For IE? 5 we have 51A 70”? (is space). 

Theréfore in order to know the significance of the S test we-must, 

2 and S 2 for different particles, V 
l 2 

momenta and measured lengths. 

know the contributions of S 

4- Egltiple scattering 

Let me first diScuss the influenbe Of multiple scattéring~ 

Figure 1 shows 312 for Hf ~mesons of four different momenta as funcq': 

tion of the measured Iéngtha' It shows that the influence increases 

enormbuély if a lér er pert of the*track is measured;‘espécially for 
2 

"slow" tracks. The obvious conclusion is t ha ty thg -  S-‘ 4“test is 
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meaningless if we measure a larger fraction of "slow" tracks, wheréas we 

have no trouble of that kind for fast tracks. The question is,_consequent1y, 

whether we should measure a smaller part of "slow" tracks, for instance 

7 cm only of a 100 MeV/c pion although the range is 34 cm (in hydrogen). 

To answer this question we have to know What we lose or gain in accuracy 

of the other parameters. I have used d programme written by R. B60k1) 

to create artificially tracks of particles with specified starting con— 

ditions. 100 tracks are created for each set of starting Conditions and 

the spread of each parameter is studied. 

Figure 2 shows [5 (140 )/(1/r7 ) ( f7: radius of curvature) 
corresponding to the curves in figure 1. One sees that for a 100 MeV/c 

pion the uncertainty is 5.5% if we measure 7 cm, whereas 2.3% only 

if we measure 34 cm. Figure 3 shows the corresponding curves for thg_. " 

uncertainty of the dip: tan.9( . One sees that one gains éécurééy if 

one measures a smaller fraction of the track. The correspohding carves 

for fhé uncertainty of_the azimuthal angle look very similar to fhose 
in figure 3. ‘ ‘I I ' _:-, : ,_ . 

Another point is that it is very difficult to have a "slow" 

track converging in the Geometry Programme if one measures a large 

fraction. Therefore fihé dotted curves are jusfi~extrapolat10ns. 

54 92221222222121.1292 ” 
“‘Using the same procedure I have found that for the "slbw" 

tracks in question, the contribution due to multiple scatter and its 

dependence Of the measured length is the dominant faCtor both for $2 

and for the uncertainties of the parameters. I have always fOund that 

S22<§: 812 if I use data from_the 81 cm hydrogen bubble chamber of 

Saclay; further the measurement errors of IEP 5 . d o  not change t h e .  , 

essential features of the curves in figures 2 and 3 except for measured 

lengths less than 7 cm. The_influence of the number of points meagurgd 

‘iéznégligibié;' 
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o. EOECDusions 

‘m Thus we can sum up the arguments as follows: 

A R G U M E N T S 

for 

meafifirifig 
'I“"-' - . , .  . 

Shorter parts of 'slow" traaks‘ . ‘ _ - As long as possible 

1. To make_the 32 test significant 1{ .To gain accuracy in (9 

29 To avoid a large fraction cf ncn-  
'converging tracks 

3. To gain accuracy in tanc( 

4, To éaifi accuracy in (§ 

I It seems to. me that it is desirable even for "slow" tracks to 

measure in a manner which makes the 82 test significant. 

7. Test of real tracks- 

If, now, real tracks are measured in a manner which makes the 

SZ test significant we expect the distribution of 82 to have a similar 

shape to the T{_2 distribution, but with a rather lgngfta;; gorgespon— 

ding to bad measurements. Figure 4 shows the distribution for 649 trééks 

of pions all of momenta less than 3 GeV/c. While measuring these tracks 

no attention 2was paid to the length being measured Therefore, in this case 

S —2 and 8 2  may be imporsant, thus:‘ making 82 E> A However,-the tenden- 
l 2 
cy is still clear. 

The WOlk w_th real. tracks will go on, also diffferent machines and 

operators will be compared 

1) h; Back, ""Ihfluence of ionization loss and Coulomb écattéring-on 3 
the geometrical reconstruction of tracks in bubble chambers". 
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DISCUSSION 

(Communications 1 and 2) 

ALVAREZ: You can never gain by not measuring something, so you 

should always measure the longest length possible. Then, perhaps, you 

can use a small segment of the measured track to get the angle and the 

long segment of the track to get the momentum. 

FETT: my suggestion of not measuring all the track is mainly 

relevant for a good angular result and to avoid difficulties in recons- 

truction by too large deviation from a helix. You can, of course, measure 

the full track and just use the optimum length for the reconstruction. 

Thus my results confirm the procedure which is in the Fog programme. 

ROSENFELD: Did you find any sort of correlation at the middle of 

the track? 

BOOK: In our geometry programme we do not get any data in the 

middle of the track so we did not study that. Out of the geometry programr 

me we come with a fitted set of data - curvature and two angles — which 

belong to the beginning of the track. 

TYCKO: was the magnetic field in your ATC uniform? 

BUCK: Our magnetic field was assumed constant in this test. In 

our present experiments, the variation is rather small compared to all 

other influences; it could be studied with the same programme, of course. 

SELOVE: When you generate tracks, can you say something about the 

influence of the mesh size? Ybu said you used 1/2 mm steps. 

BUCK: we have not studied this seriously. I made a short test on 

this in doubling the step size and the results were exactly the same. 

DERRICK: (Made a comment which is amplified in the Proceedings of 

the Conference on Instrumentation in a paper by C.J .B.  Hawkins). 
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Ehe programminqisystem used by 

the Alvaréz Group 

A.H. Rosenfeld, (Berkeley) 

(Note by the editors: a paper on this subject was submitted to 

the Instrumentation Conférence, held at CERN on July 16 - 18 and is included 

in the Proceedings of that Conference, to be published shortly in "Nuclear 

Instruments and Methods". The Informal Meeting of July 19 offered the author 

the opportunity for a more detailed presentation and discussion). 
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DISCUSSION ' 

(Communication 3) 

MCCORMICK: Have you done anything about trylng to get rid of 

'your bias by looking at the actual signs of the corrections in your 72 

f i t .  In other words, looking at how'_ many standard: deviations each of the 

variables shift to see whether they systematically move in one way. 

ROSENFELD: I think the reason that less work has been done, and 

that nobody worried“ about it, _. is that2 on every experiment we make three 

sets of plots - we always plot our X 2  's - which incidentally turn out 

usually _to_ be '1700 large, by only something like 20% to 30% When we cal- 

culate errors, then - mass errors — we assume, in the simplest Way, that 

all errors are too large byr, and so Wé scale everything byrE—T But:" 

it seems not .to be terrlbly serious. Then we plot also the fault markers, M.” 

which are how much the individual momenta are displaced, and W‘é have nevér 5"; 

found anything seriously systematic. 

' -x- 
MACLEOD: Can you explain to me how the time-sharing in Q is. 

operated? 

ROSENFEID: It is done in the most simple way. We let Q* have 

control with ten words or so and asilgéd’on as it is through and written 

"Control", it simply reads itself out of core and reads in whatever else 

is running under FORTRAN monitor and that churns away until we are ready 

to go again, so it is not very elegant and on each switch we waste 2 seconds. 
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'Magnetiéfifiéld and efiéréy-loés corrections 
for strongly curved tracks 

J. 2011 (Cambridge) 

This paper presents _a new solution to the problem of correcting 

for an inhomogeneous magnetic field and the energy-loss of particles in 

the bubble chamber. The spirit and context of this solution is a FANG- 

type approach to the reconstruction of the tracks in space, 

Take two stereoscopic photographs of a track and measure a 

series of points on each;f find by fihé fisual methods a string of space— 

points on the track. 

First aggroximation: Fit an ideal heli (circiefaiia ééraight line) £0 
theSe {rpoints in cartesian coordinates. .This gives a "center" of the ‘ 

track and a first approximation momentum (which may be 1mproved for slow 

tracks1));r Qpnvert the cartesian co—ordinates (xyz) into cylinder 
co—ordlfiatos (rfiz) with origin in the "center", 5 = o for the middle ‘4 
of the track. 

Second apgroximation: we wish to fit a new helix. 

x + 94gb «2:52 + 9063+ on!" fog! 

puff M3 fififi/w 

i
 H

 u 

(1) 

N
'

-
 

n.
 

For an ideal helix,the coefficients for i = 2, 3, 4 would be zero; for 

the track we want to calculate them, using our knowledge of the magnetlc 

field and the momentumrloss. 
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Here are firgy agme fQEEHlafi-in cylindrical gorgrdihafies Whiéh 

5_we shall need: ‘ “ I. 

a point: ‘?(¢) 
ll
 

: :'~_..- «_‘i 'j- .537 ‘:-~_- ,1" ‘ .I ._ .. . 2'.‘ ,'~ _..V . . . ; 

unit tangent— -¢§$PVidE3 . ,.T; :1 g: 1~ ,.11 _fl_; 
vector: n ‘ "(3) 

II
 

"-‘
E!

 
H

 H
 

. )2. I2)_—%— 5‘25 COS F = '('r2 H + z (Radip'ahglef- (4?) 

*5
 

l-‘
- m 

“
F

4
 

a
3

?
 

a:
 

[
I
 

magnetic —1 
( 3 ( 0 9 ,  unitsz, MQV/p cm ‘ (5) BZ .s: :' u s! 3;. ; 

'.~.3:"c ' . 4 an , 2 ,“1'-‘:=-.- : ' -.' ._ 3.: ::_.,,. £332; ’ .. 

The a curyature ‘ 17901.70? ls n X "a; ' (6) ~: ‘ j ~"7; 4. g“ 3‘, .- 1.1154 . . _ .. -._ {_.. ,. ,. {:.5..3'.'2""' . .' , .. m y  ‘3': .37": g “r; 

its zscogpgnent:igyprgportional td_fihé curvatfiré in yfie (iy):6r (£5) piéfie; 

The equation of motion of the particle is 

= i’x e3 (7) 

p: is the momentum; the line—element ds is takefi positive in the posi— 

tive sénse of rotation; e = : lfl the charge, -= i l for tracks 

turning like right - or left-handéd-screws. H 

M Consider figure 1: this. is a_ draw1ng of a segment of the track, I 

projected onto the xy-plane. t is its 2-dimensional tangent-vector.'l 

Through the point (r/fl) of projected track is drawn the circle r round 
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the origin and also its tangent 7fig. 

fib , the azimuthal angle of the projected tangent t is: 

'J/=g$+e—-2‘5-Q (8) 

fibre is the angle between the track and nfi. This angle 

specified the deviation 6f the frack from an Exact helix. 'l is small, 

and this is the point of the whole approach, as will be obvious in a 

minute. Except for a factor we get the curvature: 

§%. . l - fi f  f'iom (8) 
d - ‘h Am 

IE$XE)Z of.<6)_ ‘ ‘ '(9) 
E 

2 
= 6” “(may (7) 

pF3 2 
i; 5 > ”1—. 

= (r2 + r'2) 2; the factor G 23/F follows from some algebra. writing 

(9) in components and re—shuffling giVes ' 

' . V ‘_ .e éB >2 . _ 
“'95) .=‘ fig} :1 + :91? Z I_'—L~—-—e :0: Z (rIBr+ fn) (10) 

For the ideal helix the first two terms would cancel; the third téfm wéuld 

be ze;o,_it results from fihe inhomogeneous f;eld?n 

Proceed further as in FANG: take three representative points on 

the track e.g. '¢I= o the centér, fi_ ' and ¢+ dowhStiéam'and upstream; 

and calculate r‘(¢_), Q (o) and 12 /(%+ ) using the mementumrrange 

relation and the magnetic field. Fit a quadratic function 

WP yo+ 3/1 + (2:52 . “1) 
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and integrate to get 

v‘= w W 93 ~ - 
PM the definétéon 0,: “land (-25% ' ‘ 

I . M. . _ 
We hav - '3‘.:= tan q; 1% tag _-a_ very good approximation. 

A .  

Since r varies little we may take the average value ro~ of the first 

approximation and write 

=.r°1 =r° 70“} W” 53 V1¢2+3_° (2’53 (13) 

which when integrated gives (1) with 

me = 4; re (a 
,_« ‘ » K u__ (14) 

' 2 1.0 V , 
0<3 = 1/6 r0 %_ 3 %.= 1—2- n g -  :3 p .' _ _ 

A least-squares fit. to the data gives us the coeff1c1ents 390% and 9(1‘ 

The polynomial (1) in Z may be obtained in the same manner by using the 

.expresaion - 

Z“ = 863G (r'B’g "' rBr) + r’Z'G2 (i‘“+”'i'“) ' (15) 
-PFI. . 

which may be derived directly from the equation of motion (8). From the 

two expression (1) momenta and angles are easily obtained. 

1) F. Solmitz, Modifications of fitting procedures", Berkeley Memo 220. 
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Programming at the fiptherford gaboratq 

J.W. Burren 

(Rutherford Laboratory) 

SUMMARY 

Dr. Burren explained that the N.I.R.N.S. programmes were divided 

into thrée parts: 

a) An input programme to give a standard output onto magnetic 

tape frqm a number of different measuring machines. 

b) A geometry programme using the FANG first f i t ,  and the Solmitz 

helix-fitting method. This first used a K mass, and then for long tracks 

a T1 and P mass for slowing down§z The output was used as a library 

tape. 

0) A hypothesis testing andgstatistics routine, which up—dated the 

library tape with fitting results anfi gave a printed output. A hypothesis 

was specified by labelling a track at beginning and end, and by giving it 

a charge and mass. When all tracks had been specified, the programme tried 

to fit the pattern to the event, in the sequence specified (for a multi— 

vertex fit). 

The first version had been used at Oxford and Padova, and was in 

the production—debugging stage. 
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Proggammesgused.at;Mospow_ .. 

V 5. Y5. Nikiéiri 
(Academy of Science, Moscow) 

.: :,**vxzi :x% wv#fi WW7; 5:;+ ‘~ 

Dr. Nikitin igd;gated that in Russia, general trends in program— 

mifig were Very similar to those which had alréadywbeéfi aésciihéa fi§ other 

laboratofiéfi; 'The main effort at present was béihé‘diféCféa’fé%ards tfie':' 
development 6f the filtering programme for the Moscgw flying-spot device. 
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DISCUSSION 

(Commications 4, 5 and 6) 

ZOLL; Are you supposed to  type the table of mass assignments on 

a tape, or does the computer generate this tape? 

BURREN: No, you just type the hypothesis on a card and specify for 

which reel of tape or between which event numbers you wanted to try that" ' 

hypothesis; or else you type half a dozen cards because you usually want 

to test more than one hypothesis at  a time. 

‘ HUISIZER: Could you give us an idea of what it cost t9 write those 

programmes in FORTRAN, with respect to speed and memory load. . 

”EURREN;~‘WéVs£arted writing the hypothesis-tes£ing fifogfafime léét: 

JUne and we actually used the fitting part of it  before Christmas, and the 

hypothesis programme in May or June for  the first time. The geometry we 

started only about November and actually for production purposes the helix— 

fitting is not yet in, b u t  i t  has worked - I think i t  is prdbably the first 

time F.  Solmitz’ method has been programmed. That is still going on, and 

is just about finished now. 

As to the size of programme, the hypothesis-testing programme at 

the moment takes 13,000 IBM instructions and 13,000 words of store, but 

this is probably reducible by, at least 5,000, probably 10,000. When the 

fitting programme was written, we did not know how we were going to write 

the hypothesis programme and at the moment we have to d o ' a  rather messy 

dump in-between to get the data from one form ifito the other, So probably 

5 to 10,000 can be saved on that quite easily. 

The geometry is about 4,000 words of store and about 10 - 12,000 

words of programme. 
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MACLEOD: Could you explain a little how the masses are introduced 

into your programme or am I mistaken in understanding the programme does 

make a mass—dependent fit to the tracks? 

ZOLL: Well this is a bit complicated. We are using a coding 

system and a special kind of measuring procedure, Where you measure first 

all the tracks which belong to one vertex or subsidiary vertex. You punch 

a code after the last track and this tells the computer what possible hypo—- 

thesis to use, for any one of these tracks and code runs, along with the 

tracks specifying on binary digits which mass assignments need to be used. 

The mass-independent fit is calculated, then the mass-dependent iterations 

are performed before writing the results for each track. 

POWELL: Could you say a few words about the FSD device to which 

you have just referred? 

NIKITIN: It is beingbuilt mostly on the lines of your machine. 

I can give you some details about it, perhaps, but the overall design is 

very near to that you have. 
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Egeliminagx résults on pattérgggecqgnition 
at Brobkhaven 

P.V.C. Hough, (Brookhaven) 

Over the past couple of years a number of us have been working ofi 

imprbvemehts in methods for measuring bfibble'chamber-photographs. 
A challenging statement of goal by Prof; AlVarez was a million éfients per 

year. Essentially equiValent fo'this goal and challénging tb6}‘is an aim 

to extract the scientific content of the fraction of bubble chamber pic- 

tures produced at a large accelerator which any single large group might 

aspire to analyze. Presenily developing systems, whether FSD or SMP, plan 

to accomplish this by mulfipleiing the human scanning funcfion while auto— 

mating the measuring function. 

To introduce some specific numbers, the AGS at Brookhavefi may be V 

expected to produce some five million triads of photographs of one chamber 

or another each year. The bubble chamber group at Brookhaven might aspire;‘“ 

to analyze half this number. Let me assume that our. measuring and computing 

systems will be able to handle all events from this sample so as to focus 

atfiggtion on sganning. Then if you will accept 1 minute. scanning time per 

.trfigi and 500 minutes per shift (or 125, 000 minutes per shift per working 

yeéi) ten fiuman scanners can séan 1.1/4 million triads per year per shift 
or the full 2.1/2 million triads in two shifts. Thé bubble chamber group_ 

must hire some 30_ scanners to man the two shifts. This pla.fi of operation ‘ 

is in fact about that visualised at Brookhaven, but the cost and perhaps 

especially the organizational problems are considerable, so we are led to 

ask Whether machines can help put on_the scanning function as well. 
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In addition to this bubble chamber loglstics motivation, I feel 

it is reasonable to add the motlvatlon of the 1ntr1ns1c interest of the 

problem, and, as Prof. McCormick has mentloned, the usefulness of any 

concrete results for other areas of visual data processing. 

Prof. J. Pasta of Illinois spent the Summer of 1961 at Brookhaven, 

and with the aid of W.J. Beard set up some specific programming attagks’bn 

the problem 9f.track-element recognition by means ofi‘a 7030 computer which 

read raw co-ordihate data from an HPD:_ Théy wéfe joined in lafe fall by 

B. Mayr and G. Rabinowitz, and recently by B} Wergser.. 

I This group has accomplished two things which have aroused our interest 

and which are leading us to consider Seriously whether the HPD is a sultable 

input device for computer scanning as Wéli as measuring. 

The first is this. By the Spring, various combinations of the first 

four people mentioned had produced working programmes of rather similar 

nature and performancé. These programmes were tested using blnary tapes of 

raw EPD co-ordlnates from the CERN prototype, eSpécially a set of 20 photo— ' 

graphs of the BNL 20" chamber which were digifized at CERN last December v‘ 

by" B.W. Powell and R. Palmer. The 20 photographs are from the K excitation 

experlment of Samios et al.; and were Selected to contain réal and falSe:§:"” 

two—prongs in situations of varYing cOmpIexity. There Wéré 10,000 to 20, 000 

co-ordinates per picture. As a specific example, a programme Of G. Rabinowitz 

linked individual co-ordinates into track elements using only the criterion 

of "néarness" — i. e. points were asSocia ted into elements in théir lateral 

co-ordinates were nearly enough the same on adjacent or nearly adjacent ‘- 

soan lines. The programme prodessed about 3, 500 co-ordinatés pér second. 

No point was ever lost,  and the results of a pass thrdugh thé programme :was 

a collectidn of "track-elément" tabies consisting of elémentS“with say 6 or H 

more linked points and a residue of "unrecognized" data. 

Figure 1 shows the original data from one of the 20 pictures; 

figure 2 shows the "recognized" portion and figure 3 the residue. Typically, 
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10% of the original data make up the residue. While you can see some 

tracks in the residue, in all cases these tracks appear also in the reco- 

gnised portion, so a further pass of the residue for association with 

' established tracks would we believe leave just a noise pattern. 

Going back to figure 2, two defects of the recognition process are 

lostip this plot and need to be émphasised. A partiéular track-element 

table fair;y often contains pieces of two grossing tracks and so is tabur 

lated as an erroneous track—element with a kink. Secondly, fie computer 

plot hag put back togethér all the track—élements forming a track-Segment,‘ 

whereas they are just separate tables in the cdmputér. Névertheless we are 

quite encopraged by the degree 6f success of a programme fising éuch 5 single 

criterion for linking points. 

The second result of the group was the discovery of tight program? 

me loops_ which would perform linking operations while processing 15,000 

co-ordinates per second._ B. Marr and G. Rabinowitz in particular have 

been writing a programme_ using: these tight loops over the past cOuple of 

months and it is expected to get its first trials in August. The new pro- 

gramme initiates over an area of perhaps 10% of the picture at the beamr 

entry end, using only the nearness criterion as before. It then "track-' 

follows", i. 9. links new points by look—ahead with a current slope, for 

all the track-elements found in the initiation phase. As the analysis 

wave Passes down the picture new points which do not join to existing 

tracks are used in continuing attempts at initiation. Well-established 

tracks are_ collapsed into master-points which are 16—point averages so the 

whole plcture W111 fit into the core store. Again, no points are ever 

thrown away, so the residue can be studied visually and can bé subjected to 

further passes. 

Now, suppose this does some good, or even suppose it works very well, 

there remains the problem of event recognition, assuming that good track 

tables have been prepared. I think everyone agrees that While this is 
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expected to be a very 1nterest1ng problem and perhaps tricky, it will not 

require apprec1able computlng time in compa;LSon with the -first phase. 

Let‘s cbfikifihe, and suppose that event recognition works well and 

ask whether our auto—scan system will over~all be useful. As a specific 

optlmlstic example, suppose 2 seconds 7090 computing time are required for 

two stereo views and 1 second for the third, then our system scans 12 triads 

per minfite and fly our edrlier convention equalé 12 human scanners. 0n 

around—thé—clock operation we get 36 scanner-shifts. The 80" chamber film 

will go about 2% times slower, but the 7094 gets us back a factorl 11. We 

and up in this optimistic guessing game with one 7094 providing us with 

about our required 20 scanner shifts pér day to scan our 2 million triads' 

of 80" chamber film. 

Whether such a procedure is economically juStified seems doubtful. 

However,_spe01f1c circumstances may alter the economics. For example, if 

a 7094 is owned and not yet saturated around the clock, a great deal bf 20" 

chamber _film could be scanned on an "owl shift". I If a CDC 6600 existed, 

and it were 10 times faster than a 7094, and a laboratory had one it would 

seem reasonable to devote a few hours per day of it to scanning all the 

bubble chamber films. Finally, one of the fast small computers now’ bécoming 

available may be suitable for the very elementary arithmetic operations used 

in the first an; most t1me~consum1ng part of the pattern recognition pro— 

gramme.: One pf our most general and Lost basic reasons for preferring digital 

pattern recognltlon to analogue recognltlon (say of the Pless type) was the 
desire to be carrled along by advances in the computer arts once our basic 

te.chniques were establlshed These arg some specific examples of how this 
.3“: _ 

might occur. 
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_A_n automatic scanning'sy‘stem for bubble chamber_s_ 

H.S. White,'(Berkeley) 

With khe operation during 1962 at Berkeley, Brookhaven and CERN of 

the Flying Spot Digitizer (FSD) as an automatic measurement system, the most 

serious bottle—neck in bubble chamber data processing operation will be 

eliminated. The_remaining impediments to data processing seem to lie equally 

in two areas. .  One of these is the scanning of film to find events of a typé 

suitable for measurement. The other area in which a difficulty 6f achieving 

optimum data flow is experienced is that of interpretation of the numerical 

Ireéults. "The FAIR and QUEST systems have been formulated at Berkeley to 

facilitate this data interpretation problem and.as they are extended will 

serve to speed this part of the total data analysis effort so that it becomes 

commehsurate with the rates of automatic measuring and the initial productian 

of film. There remains, therefore, the serious problem of producing SCanning 

ratés commensurate with the remaifiing parts of the entire system. The system 

being described is designed to remefiy this problem. 

Total event processing is separated into sevéral phases: the abstrac— 

tion, event récognitiqn, measurement, and computation. After film has been 

developed, it i5 immediately Submitted to the abStraction phase. This has 

as its purpose the rgcbgnition of track elements within each View and the 

.abstrgctiqn gntp magnetic tape of certain basic inforfiation describing éach 

tpack segment.so_that  fufure,éccess to the scanning—type information contefit 

of the pictugg may be had in a form most efficient for computer usage. .  Thé 

first phase ends with each picture of the film havifig Been area-scanned and 

infdimation describing each track having been recorded onto magnetic tape. 

ThiS'magnetic tape is therefore a summary in extremely condensed form of the 

total scanning information available in the film. 
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A second phase is the scanning (event recognltlon process and is 

done without reference to the film. Track segments descrlbéd on the magnetic 

tape abstract are compared to scanning criteria egtablished at the time of 

execution of this phase, and the result is a magnetic tape identical in for- 

mat and content to the tape produced by the manual FSD’gqan tables and that 
is used to cqntrol the mgasurement process. 

The third phase of thé total automatic scanning and measuring pr03' “ 

cess is the measurement and numerical analysis by FSD hardware and programs- 

of  the events seleéted during the scanning phasé in exactly the same manner 

that manually-scanned events are analyzed. 

If a high-precision measuring device like the FSD is used for abstra§~ 

tion aswell as-for measuring, it is possible to combine the first agd third. 

phases of this analysis by producing during the first (abstraction) phasel 

the compressed scanning information and also a group of precision points 

describing'each track segment. In this case t11e second (computer scanning) 

.phase produces output resembling Frandkenstein measurements and the associated 

descriptors characterizing the physics information. This output is then 

processed through the usual FOG and CLOUDY analysis procedures. 

There -are several reasons that make appropriate the separation of 

track .rrcpgnition, scanning, measuring and analysis into at least two parts. 

If one were to plan complete analysis of all "interesting“ events in t h e :  

film, it is probable that the volume of data to be handled would seriously 

impede achievefient of early analysis of "most inteféétihg" evehts. 'Further— 

more, the few "most interesting" events are buried in a large sea of data, 

causing an informationrretrieval problem of considerable magnitude. 

'It seems that manual Scanning frequently follows another route from 

thié; namely, that of looking fdr "most interesting“ events to be measured 

immediately, selecting but reéerving "interesting" events for future measu~' 

rement, and noting still less interesting but more frequently occurring 

events for possible future scans of limited sections of the total film. 

This procedure is admittedly a compromise between the conflicting requirements 
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of a complete scan and a necessity for rapid identification of the most 

interesting events. HoweVer, it avoids the pitfall of having important 

results delayed by and buried in a sea of less important data. 

The automatic scanning system is designed to facilitate this épprbaéh 

without paying the cost of re-examinatibn of the film for each new scanning 

purpose. 'The abstraction pass is comparatively slow and expensive, Eut does 

not need to be repeated for each new scanning purpose. Rather, the abstrac- 

tion pass is made in such a way as to optimizé the storage of information 

required by the scanning function so that it is feasible to "scan" for a class 

of events within data described on an abstract tape and efficiently to select 

those eVents for speedy analysis and measurement. 

Furthermore, separation of the abstraction and scanning phase allows 

a cheap rescan with revised scanning criteria. .Frequently one finds it 

.desirable to revise scanning criteria on the basis of information acquired 

using earlier criteria, and therefore the resulté of manual scanning are 

frequently diviifid-into separate groups of data which must be independenfiiyin 

treated to eliminate known scanning biases, With separated automatic scanning, 

one merely rescans using the new Criteria, and thus has one consistent group. 

The problem of maintaining consistent scanning standards is, of course, removed 

by use of a computer in this application. 

-I believe an earlier stability will be achieved in the abstraction 

programs than in the scanning programs. It is in the area of scanning that I 

would anticipate the greatest modification of program abilities. The separa- 

-tion of scanning from abstraction enables a continuous improvement of scanpingh ' 

program-ability_without making obsolete the expensive results of the initiéi: 

area search of the film. 

Severai independent approaches have been made to the problem 6f track 

repognition, Oné suéh approach by Irwin Pless at M.I.T. incorporates spédial 

hardware built by Digital Equipment Cdrporation into a device called the Pre- 

cision Encoder and Pattern Recognition device (PEER). Another approach 

initiated by John Pasta of Brookhaven National Laboratory and the University 

5327/ga 



- 36 - " ~- 

of Illinois uses‘a'cbmp‘uiei- 'progxéainvih bdnjunbtion with the‘v'FSD effectively'_ 
to simulate the PEPR hardware. ith“of-these approaches begin with an uu-, 

scanned section of film ahd prbdhée inside the computer memory a list of 

track elements found within that frame. For economical reasons there may be 

very significant preferences for one technique as Compared with the other. 

However, hardware of each is presently feasible for the production Of such 

scanning data and either of them could be used in a prototype systém.‘ 

Flexibility must remain to employ thé .most economically advantageous one 

when production volume becomes large 

One'féatfiré bf the FSD approach is that ionization may be measured 

as well as geometric position; since film.images are searched by a dense 

serial scan using a small round spot as probe. It is possible to detect and 

measure gaps in tracks as well as to sense individual bubbles. This ioniza- 

tion information is considered a major input to the scanning systém. However, 

it is not necessary that numerical values of lonlzatlon parameters be éxtreme— 

1y precise. What is wanted is something that simulates the human scanner' 5 

Iability to separate the tracks inio catégbfiies by inspéétion.l 

The function of the abstraction program is therefore to in terrogate_ 

the photographic image in such a.manner as-tO'detect-all track elements con»- 

tained within the picture. The term "track element" denotes a short segment 

of track perhaps 1 mm in length on the film that is the basic output of the 

track search operation. The term "track segment" is usad to denote the lon— 

gest assemblage of the track elemen£s that can be achieved Without resorting 

to stereo kinematics or reconstructlon. ThUS a track segment normally results 

from linking many track elements togethér and fhis linking process is termina- 

ted only by the dccfirrence of a vertex br kink 6r elsé the disappearance of 

the track. Such a disappearance is attributed to eitLei the physidal end of 

the track or to a long gap or obstruction through which the track may not 

safely be extrapolated withéut resorting to the bther views. The abstraction 

phase outputs data associated with track segments and thus performs the linkage 

of track elements together into segments. The abstraction program is therefore 

truLy the track recognition program. 
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A It is anticipated that for each track in each view three 36-bit words 

of information are to be written onto the abstraction tape. These words are 

‘12-bit X—Y coordinates for the two ends and the mid—point of a track segment 

(72-bits) as well as a collection of additional data edited together into 

the third 36—bit word. This third word includes the classification of the 

track by ionization (3—bits), linkage at each end (4—bits), signand qeter- 

minancy of curvature (2—bits), length, (3-bits), initial direction .(6-bits), 

end. direction (6-bits), and curvature (6-bits). 

If one assumes that each frame contains 25 track segments and that ' 

three views of a triad are scanned, 225 words are obtained for each stereo ‘w 

triad. This number seems typical of many pictures in large chambers. Presen£ 

computer technology allows 10,000 to 20,000 such triads to be recorded oh one 

reel of magnetic tape. Thus oné or two good days Of Bevatron operation are 

abstracteq‘dfito one reel of magnetic tape that can be completely searched by 

an IBM 7096 in ten minutes (aSSuming the search can be performed at twice 

tape reading-speed). The abstraction process is therefore an extremely 

efficient one from the viewpoint of information accessibility to the compgter. 

The separation of abstractidn from other operations allows a différént 

and much more convenient organization of programs to handle a variety of film 

formats including several views on one film as well as one View on each film.‘ 

By separating the framg-by-frame track-recognition and afistraction phase from 

the triadnbyAtriad scanning phase, it is possible to abstract indepepfientiy 

the several views of one triad and thus hardware may be used which accépts 

Ionly one piece-of film at a time. There is no loss of efficiency in ha§ing 

only one unit_of hardware available to transport film and in using this hard- 

ware to read separately in time the pieces of film containing thefistereo views. 

Much advanced thinking and progEém development of this phase of acti; 

vity has been done at Brookhaven NatiOnal Laboratory; and it is our intene 

‘tion to capitalize upon developments being made there. Present development 

5327/ga 

--H.Z. 



_ 38 ,m-- 

has demonstrated the feasibility of the traék recognitidn bhase with exist— 

ing'techniques, 

The'scénning phase program assumes as its input one tape containing 

the reSfiits Of the track search and abstraction having all views merged 

togefhér. This program searches for vertices of a given nature, tracks Of 

given length, orlentatlon, momentum or ionization and may réquire that 

the-vertex be linked in some pre-specified manner to other verticés in the 

picture. Positional criteria may also be imposed to limit events to those A 

contained within a fiducial volume. In general, these are the parameters 

that are observed by the human scanner to provide the basis of his scanning 

decision. 

Further'thought pfocesses’occuring within the human scanner‘s mind 

may be grouped into two categories. One of'these consists of applying pres; 

defined eVent types t o - the  data at-hand to test the hypothesis that,these;1 

data fit a given event type; The second category of scanner-thought§inc;udes; 

reasoning about thoSe éVents.Which fail to fit previouslykdefined criteria: w 

or which "seem worth considering further". This divisionrmaking process in 

4the scanner's mind is subjective; in the cémputer it is dbjéctive."0ne might 

operate in such a manner that all expected occurrences in the film are dés— 

cribed to the program, and fhen ask that all vertices be identified with one 

or more such descrlptlons or élse reportéd as exceptiohs. In this way fre— 

quently~occurr1ng exceptions may be added to the repertoire of conflguratlons 

known to the scanning program so that exceptions Would become less frequent. 

The proCess is then restarted with the new criteria. Thus it is possible 

efficiently to Combine a person eXercising réasoning ability with the computer 

program exercising objective Classification ability in- -such a way- -tha£ constant 

}mprqv§ment of the system is achieved. ‘_ 

M'This'éepaia£ion of scanning from abStraéfioh allows multiple passésl 

through the scanning program. Since approximatély 2,000 pictufés ban'be' 
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"scanned" per minute with an IBM 7090, scanning of entire runs 6? 200 000 

pictures can be donezin- perhaps'three'hours. The scanning prOCess is a ~ 

efficient even when used to search far a small subset of the total- data-. 

Some scanninghtype experiments may.be performed on this tapé‘Withautswgz~ 

~ further measurement. Calibration of scanning proceduresficafi reasOnably be 

~.made over-the entire experiment.--Events of One-particular type may be 

selected in one pass or events of several tapes may be equalltell.se1ectéd. 

-Thus.the scanning procedure is flexible to meet the needs of Scanfiihg~and 

priority,of.in$erest. vIt is possible-to sample portions of the data just 

'as manual scanning is done in a.selective way over part of thezfilm.~ 
‘\ 

~.-- When scannlng and prec151on measuring phases are éepara£ed, t.he 

output of the scanning operation is a tape that has the same physic_al 

format and some logical content as the output tape from the present FSD 

scanning table. nSufficient information for road coordinates is?dontained 

in the abstracted data; The Scanning program has the ability téiidentify 

tracks, to assign events to given lists of data; $0 specify‘EESSeSIandgv 

’“yin.general,jtd perform all.bf the functions preSently performefliby human 

scanners with the FSD scan table;‘ This output tape-cOntains”Sufficient 

information to allow completely automatic meaSurement by the FSD system as 

it is presently being developed. The tape produced in the scanning process 

may be merged with tapes produced by a manual process so that occasional 

manual intervention will gradually replace completely manual operation. 

When scanning and precision measuring phases are combined, the abstrac- 

tion tape is produced in the same format as before but also an additional 

tape is produced containing perhaps 10 précision points for each track segh 

ment in each View. The scanning phase program then edits the contents of 

this precision tape into a format suitable for input to the FOG—CLOUDY 

analysis program. 
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” In the future, additional media other than bubble chambers will be 

used as particle detectors." It ”is" likely that these other devices will have 
resolution comparable to thaf of bubble chambers and that the kind of infor~ 

nation uSed will approach that presently used in bubble chambers. Early 

experiments with these deVides will probably record data on photographic 

film as is cdnventional in bubble chambers; However, because of very diffe— 

rent data rates and slight differences in resolution, it mAy be feasible £0 

have immediate transmissiOn of data from the device to the éOmputer; Develop- 

ment of a scanning procedhre along the lines of this proposal will pave the 

way for this pOssibility in two ways. Experience will'have been gottefi with 
the techniques of specifying criteria. Large data rates will have_been 

handled, so as to give exfierience with thé problems occfirring in extgemgly 

large scale data analysis. 

"This program could be adapted to the réquireménfs of a direct transfer 

syStem by producing two tapes during the real—time (simultaneous With-accele— 

rator operation) abstraction phase in the same manner as described for thé 

operation from film with a high precision scanning deVice. This would prdvide 

a linkage during tfie transition from experiments to be recorded on film to 

those not to be recorded on film. 
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(Communications 7 and 8) 

ROSENFELD: I do not think that Rough quite does justice to the point 

that he is making, Without mentioning that he replaces our investment of 

$40 - 50,000.00 in maintenance and in digitised scan tables for each scanner. 

At first this business of recognising track segments on everything 

seemed a little shocking, but if one is shocked by the idea of devoting lots 

of 7090 time or 6600 time to doing this on everything that is exposed, at 

least one should recognise that once roads are made on data one is really 

interested in, then if one can put that on tape, one very quickly generates 

a magnificently—useful track—segment or road library which one can then go 

back and use for other experiments without having to go all the way back to 

the beginning of the tedious system. 

MCCORMICK: One comment I would like to make is on the use of 

magnetic tape as a storage device. It Seems that a very minor investment in 

a filmrreading device would be probably much more effective storage. After 

all, the bubble chamber film is already ideally stored, it is not going to 

be changed, it does not get rubbed out in the light, and with a minor scanner 

attached to that you have a film—tape transport which seems much more appro- 

priate to this area. 

WHITE: This is certainly true, I see the Bough-Powell device as a 

film-tape transport, but there is the problem of converting the information 

content as it comes out of the film through that tape—transport into date 

the computer can easily deal with, and the magnetic tape is really a reser- 

voir in which the results of this process are stored and one does not have 

to re-do it each time a new scanning pass is made. 
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Results obtained with the Spiral Reader 

L.W. Alvarez, (Berkeley) ' 

SUMMARY 

The Spiral Reader was originally conceived by B. McCormick, and was 

developed under his direction until he left for the University of Illinois. 

At that time, the responsibility was transferred to J.A.G.  Russell, with 

the mechanical design divided between J. Franck and F. Plunder, and the 

electrohic design divided between T. Taussig and J. Salvador. The filter 

programme was originally written by D. Innes who has been joined by W. Graziano. 

Since J. Russell left for Brookhaven, J. Salvador has been in charge of the 

programme, and has brought the machine to its present state. 

(Prof. Alvarez showed some slides of the Spiral Reader giving general 

details and results of scanning different track configurations). 

The first figure shows the scanning table designed by J. Franck. 0n 

figure 2 one can see the back end of the machine, showing the housing that 

holds the rotating device that makes the spiral scan. Figure 3 is lodking.-i- 

into the spiral device which now has a periscope which moves up and down and 

rotates around (designed by F. Plunder). In the upper part of figures 4 and 

5 the data that goes onto magnetic tape is shown i.e. this is What the Spiral 

Reader sees. The magnetic tape is then fed into a 709, later of course the 

7090, Where the filtering operation takes place and in the lower part of the 

figures one sees the results after filtering. 
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Figure 2 
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On—line aspects of SMP 

’JLN. Snyder , 

I (University Of Illinois) 

Note by the editors: this paper is a condensed transcript from magnetic 
tape, which has not been revised by the speaker. 

In Prof. Hulsizer' s presentation at the Instrumentation Conference 3? 

~he barely had time, in describing the SMP system, to do more than describe N» 

the device itself. The complete system, however, encompasses not only the- V 

device, but also the onrline aspects of a computer. Inkthe following, refe—’ 

rences will be made to the 7090, since this computer is the most familiar one, 

but this chbiqe is in no way crucial: any computer with a fast  data channel 

and iniérruptiogacilities would suffice. Let us cOnsider briefly the inter- 

ruption faciiitiés and the method in which several SMP's may be connected to 

a 7090. Abéut fen éMP's will satuiaté a 7090, an estimate which is probably 

quite conservative. Theée are Connected fhrdugh a multiplexer-to the direct 

data chéhnel. The multiplexer is simply a rotary switch, which goes around 

fast enough to sample each SMP output within that interval of time for which 

a given co—ordinate measurement.will remain in the output register of an SMP. 

If ever a 7090 has f0 handle so many SMP‘s that this could not be achieved, 

then buffering would become necessary. 

In addition to this each SMP is provided with a typewriter. :It is_ 

rather unconventional to use the 10 available sense lines in, and the 10 - ,  

available sense lines out to operate these typewriters. Most on-line- applica- 

tions of 7090’s tend to use the Direct Data buses for this kind of operation. 

.There have to be again twO multiplexing boxes, one which contains an input, 

and one which distributes the output, from each typewriter. Four of the. ten 

sense lines can be used to select any of 16 typewriters.' The other 6.then. 
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suffice to tranémit aflconventional'lfiMjchgracterjwhichvisfléncoded in 6 bits. 

let us see now the set oprogrammes that will be used to operate 

the system. These can be divided into several.parts, of which we shall 

mainly‘discuss the executive routine, but three other categories of routines~ 

are also present. One ;5 a filter programme: fhis .type qf_programme and 

the techniQues used have become quite familiar. They aré'figéa-ifi all secohd 

generation machines and; I believe; hark back to the really ancient air- 

traffic control problem which started in 1952; There is a group which we 

shall for the momefit Call "Short routines", and see later What type-of 

routine-‘fiould be entered into that category;‘ and then there is.the firadi—. 

tional kinematic-and“spatial:reconstruction routines - FANG and KICK_or-as it 

is now called PAKAGE. -At.Berkeley this runs to about 28;000 words which is 
' probably too long. It eculd probably be pruned a little; especially it.. 

could have its eVent type sub—programmes removed and stored tempérarily on 

tapé, which would probably free enough of the memory to allow all four of 

these routines to be in a 32,000 word memory at the same time. Even if-yhig 

is not true, there would be very little degradation of the system by gtoring 

fhe'éppropriate parts of PAKAGE on a magnetic tape. These need be,d§11eg,; 

forth only once per event that is processed, and hence, the time delay ir_1_E 

-calling them forth would not be serious. Events will be processed On each 

‘SMP in a period of“§bout one-to five minutes (depending on which generation 

SMP you are talking about) and wilcontinue to improve. 

We return now to the executive routine which also contaihs ail of 

the time sharing and interruption facilities-which such a system must have. 

The routine actually Consists of several loops. The first loop we will 

label "examine-each SE? in turn, round-robin fashion, asking if filtering 

‘ of the data frdm that SMP is necessary". It is implicit here that all SMP'S 

féed1fheir data down a éommon line into a common "circular buffer". Thisfl 

term means a list of words which is in the memory and which is successively 

filled by'thése co-ordinate observations. Each observation when it-appears 

5327/ga 



_ 47 _ 

on one of these lines_will autométibally be giVen a label indicating which 

table it originated from. ' ' l ‘ 

This bfiffer will gradually fill up with interleaved measurements 

from the mixéd SMP'S and when the data has filled fihe buffer it automatically 

starts overwriting the starting point in this circular buffer. 'How the buffer 
'is7emptied is, of course, the duty of the processing routines. But the main- 

executive programme which is a big loop with three‘minor loops therein lodks 

as follows: first loop is simply to examine each SMP in turn in sequence and 

ask: "ié‘fhere a complete track from that SMP in the buffer? If not, go on- 
to thé nexf SMP. If so, filter that information out of the buffer thereby 
freeihéfiélfidrfiibn of the buffer, clean that-informatibn up, put it in a separate 
bank fiheie complete tracks (sorted by SMP table) are recorded. 

Circulating around this loop has highest priority, of course, because 

as is probably obvious we must empty the buffer as quickly as possible. While 

ydu are not doing that you go around another loop which asks if there are any 

short processes that need to be carried out. Circulation around here means: 

”examine each 8MP once in round—robifi process for either any short processes 

- that need to be carried out for that SMP; if none, try the next SM? and so 

on. Now What do we mean by "a short process"? Each SMwill have a separate 

buffer — a separate area of storage in Whidh tracks for that SMP are being 

built up as an event is being processed. Before one goes into the complete 

kinematic analysis of the complete event, but on a track level as each track 

comes in, there are certain things that have to be done for each track. In 

particular, it must be optically corrected both for the camera lens of the 

chamber and for the second lens through which the SMP projects. This has to 

be done once for each track so you get around to it quite frequently. Finally, 

at lowest priority, you can run around a loop, asking once for each SMP in 

sequence, if the tracks necessary to process a complete event have yet been 

accumulated from that SMP. If the answer is yes, then proceed to do the 

conventional things which we all know about-FANG, KICK and so forth, and then 

back to the beginning. 
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This sequence is smooth enough, but it is complicated by all of 

the 1nterrupt procedures. There is no interruption necessary to handle . 

the direct data connection. The buffer is circular, and if the 7090 can be 

giVen the order at 8 in the morning to connect and put into action the direct 

data connection, that suffices for the entire day. The only intéfruptions 

will be those connected with cOmmunications, operator to computei and computer 

to operator. For.example, a key stroke on a typewriter, The end of an ansfier 

which the operator has provided the computer in response to some question; 

is very naturally indicated by a period, and so forth. Or the end of the 

questidn.thafi the computer is giving the operator, can probably be reccgnised 

by a Question mark and special characters appearing 0; these six lines we;E H 

:jspoke.about.‘ Any key stroke on the typewriter will cause an interruptign.and 

you will go into a routine which now must take action. It examines what 

character has appeared on the six lines. This can be one of many kinds. For 

exampie;'fhis'could be simply the return of some character o f ' a  mesSage, a 
lé t te r ' for  example that the bpérator is typing in "yes", or something, as the 

respofise'td é queétionQu This véry complicated testing sequence will recognise 

that this is the intermediate stagé in the acquisition of some response f rom:  

the'opeiaforj'afid if that be the case simply store it and go on further. v:on 

the other hand the computer is tYping a message to the operator, the typewriter 

takes a few milliSeconds to tYpe the characters. 
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§§§213§4222a11£L§M£ 

R. Hulsizer, (Berkeley) 

(Note by the editors: a paper on thié subject was submitted to 

the Instrumentafion Conference, held at CERN on July 16 — l8 and is included 

in the Proceedings of that Conference, to be published shortly in PNuclear 

Instruments and Methods". The Informal Meetim- of July 19 bffe're'ci' the 
author the opportunity for a more detailed presentation and discussion). 

5327/ga 



- 50 — ‘ 

DISCUSSION 

(Communicatigpstg, _10 and g1.) _ ; 

ROSENFELD: Snyder talked abgut the time—sharing problems. It looks 

hard for a place like Berkeley where we have plenty of PAKAGE to do just 

to run yesterday's PAKAGE from the FSD with the same SMP to fill in the 

spare time. 

SNYDER: That would be fine if you could shorten PAKAGE a llttle so 

that the SMP executive programme can be in there at the Isame time. _ ,.. 

AINAREZE The Berkeley HPD has a memory of its own, so that We do a 5* 

not have to take Snyder S way out 
_:’,r; . . ;  

WHITE: 128 18—bit words is all the memory we have. 

E%RKER: How about drums, can they be emptied rapidly enough to make 

typewriter times? 

SNYDER: Unfortunately the 7090 does not have a drum, but the new 

Illinois computer, for example, will have a _ d r u m  with 7 usec transfer time. 

This would be a very fine computer for it. The best you can do on a 7090 

is 90 kc/s character rate. 

TYCKO: Are discs commercially available for 7090 and how do they 

compare with the tapes? 

SNYDER: 9O kc/s character rate-exactly the same. The only advantage 

being fheir better access. It is not serial, you do not have to wait two 

minutes to rewind the tape. 

HULSIZER: I do not thin the typewriter handling is a problem, the 

thing is that the programmes to handle the typewriter characters can be brief 

enough so that they do not use up an appreciable fraction of the memory and 

can be left in as part of an executive system. It is the filtering and par- 

ticularly PAKAGE that is going to rob another user of his memory space. 
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POWELL: I would like to ask three small questions. Firstly, do 

you have any comments to make on closely—spaced roughly—parallel tracks 

as to how you might measure them? Secondly, how do you expect to handle 

fiducial marks and short tracks such as the E3 '8 for instance? And 

lastly, do you see any difficulty with tracks which-are obtained With a 

rathér cold chamber, that is to say-when there are many gaps and perhaps 

when the bubble diameter is rather smaller then you usually have in the 

72 inch chamber? 

AINAREZ: The last question first. All of the testing of the SMP to 

date has. been made on the worst film that we could find. About the fiduciaISy 

we have two plans - one that will be in on the first model and that is we 

will bring the three fiducials into the centre of the chamber so you can 

juét measure them like that; we are using the ones whiéh you and your friends 

prevailed upon us to put on a 72 inch film. 

.HUISIZER: We have not yet followed any closely parallel tracks. We 

have had our filtering running for about a month. we have béen able to 

distinguish small kinks in the tracks, 5° écatter and hégg ground the kink, 

and we have followed tracks through intersections wheEé ofhef tracks have ‘ 

come right through at small angles, but we have not. actually taken any beam 

tracks that ran parallel for the whole length of thé chamber and tried to 

hang on to both of them, which would be the acid test .  

AINAREZ: In later models we will build something that is automatic 

measurement of all the fiducials. You just put a little cross of fibres, 

take the fibres to 2 photo-diodes and these things sit at the four corners 

of the projection screen where the fiducials are going to be approximately. 

'Then you take the Whole thing, put a wedge over the lens — you just rotate 

the thing around so that the whole picture stays parallel to itself and the 

track will cross twice to give you a nice solid signal. You find the posi— 

tion of the fiducials from the difference in phase of the two signals. 

POWELL: What do you think the shortest track length you can measure 

would be? 
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ALVAREZ; I think We Would do as we do at present - let the computer 

calculaté it by tracklng back. ‘ 

_HULSIZER: The filter routine is experimental - it is in FORTRAN 50‘ 

we can understand it, but it would go in machine language when we have it 

working well. 

>SNYDER:I One cofiment having to do with the parallel track problefi, 

and one about the short track problem. The filter routine will discover; 

it is in trouble'if in the buffer.it extracts all of those points from one 

SMP and suddenly finds two tracks. Being on line it can then branch toJa 

special error script which calls upon the operator "please mark the track 

that you are interested in", which the operator can do with a CIOSS‘haif.7 

'i*Thénfit-has a firm point to start With. The computer Can do the same fihihg 

for the short track. " I ' ' ' ‘ 

AINAREZ: The same general technique has been used in the filter 

programme for the Spiral Reader, We now have a programme called CRUTCH 

rwhich allows the operator to mark a point'on tracks. ‘It is even nicer on 

the SMP becauSe you only use the CRUTCH when it turns out that the filter 

is haVing trouble. With-the Spiral Reader you do not know that it is 

hafing trouble until you feed the tapes in the next day; but the SMP can 

ask you for this help at that particular moment. 
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II. AFTERNOON SESSION 

Chairman: Y. Goldschmidt—Clermont 

5327/ga 



~55~_ 

Multiple slit rotating analyser 

G; Brautti, (Trieste) 

The HERA is a device of intermediate speed and precision, which may 

allow to.small.laboratories a.reasonably fast analysis of some type of 

bubble chamber events Without the need of a large on—line computer. The 

mechanical part of it is shown in figure 1. 

The vertex of the event may be centered on the center of a continuously 

rotating disc. This holds a slit, under which are located 12 equally spaced 

photocells. Each time the shadow of a track falls on the cell, one obtains 

a pulse. The position at which a pulse appears is digitized by counting 

with é fifiétbdiede the pulses from a graduatibn drawn on a suitable tréhsparent 

disc connéctéd to the rotating part. ‘Thé‘sensitivity Of the digitizer is now 

6480 div/Z‘fi ' rad, which Wiil soon‘be increased to 19440 div/21f rad. 

Pulses from the photocells are shown in.figure 2: 2a shows the out~ 

put of the outer cell, and 2b the output of a cell near the center of the 

event, where one oscilloscope sweep coriespondS'to a complete revolution; 

20 shows a pulse corresponding to a single track. 

A straight radial index (not shown in figure 1) may be superimposed 

on the rotating disc 31d orientated by hand. This gives coincident pulses 

from the photocells, and may be used as a reference direction or to measure 

the line of flight of a neutral particle. 

The first method of using the pulses is shown in figure 3. The center 

of the pulses has been found simply by differentiation, taking the reset pulse 

of the discriminator as the center time. The pulse from the adder corresponds 

to the index position, and with the circuit shown the polar coordinates of the 

twelve points on the first track crossed by the slit after the index position 

are measured. 
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A faster type of analysis will.be,probably‘used in_the future, 

with the circuit shown in figure 4. .After  amplification and discrimina- 

tion the pulses will be memorised in twelve shift—registers, using the 

pulses from the graduation as shift—pulses. 

w a curved track coming out of the center of the disc gives 

approximately equallytspaced pulses in the photocells, so that a track of 

well determined Curvature may be detected by a delayed coincidence system. 

This is obtained by summing the pulses in the sense wires through 

the shift registers cares, assnhematically shown in the figures. A "high" 

pulsé in a Sense wire determines so both the angle and curvature of the 

track. 

Some tests were made to check the precision obtainable by plotting 

the measured angle versus the cell distance from the center for single 

tracks. ‘Those  preliminar? tests gave a r . m . s .  deviation of 8 microns on_ 

the film, most of which seem to be due to the lack of noise filters in 

the amplifiers, and to. the.reduced sensitivity of the digitizer. 

~;Th9 main expected features 9f the device are summarized in Table I. 

A 
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MULTIPLE SLIT ROTATING ANALYSER 

First mode of operation Second mode of operation 

Cost 3000 dollars 5000 dollars 

Speed (for 6-prong stars) 5 events/hour 30 events/hour 

Output ‘ Punched tape 

Information output 12 points on each projected angle and 
track and each View curvature of each track 

Digitizer sensitivity ’ 1/3078 radians 1/3078 radians 

Precision of track centering Better than 5 microns r.m.s .  on the film 

Operations required Vertex centering Vértex centering 
track choice 

Table 1 
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RHODA: A proposed Rapid Hand-Operated Digitizihg Apparatus 
‘ for the measurement of track chamber photbgraphs 

O.R. Frisch, (Cambridge) 

1. Introduction 

This apparatus has been inspired by the "shaky table? of Luis Alvarez 

and has thesg points in common with it; it uses a prqjector to throfi'é pic- 

ture of the film down onto a horizontal table, a lattice of accurate "bench 

marksflfifiqémeasure against, and it does not ask the operator to make accurate 

settinggg ”It is simple and cheap afid.fiéedé nQ computer on line; it should 

be adéunate as the_befich marks and quite fast though it requires a little 

mofé skill and thought in use. 

2. General description (Figure 1) 

The part handled hy the operator is a flat rofind box, white on top, 

about 10 cm in diameter. It is slid along the’piojéétion table fintil the 

track wanted falls on it, and then adju§fiéd ufitil the track lies between 
the two red lines R and is about paraiie; to fhem, with the point whose 

cooraifiates are wanted on the centre line. That setting can be done quite 

fast as it need not be accurate . .  The'operé%0% then presses a pedal; this’ 

causes the sliding piece S to travel abouf’I‘cm (as Shawn by fhe'arfow) 

in about half a second and then quickly back again. A photocell under the 

scanning slit A records the dip in brightness as A crosses the track 

image; the distance the slit A ’has f0 travel to the middle of the track is 

digitized (see later). 

In addition we need the accurate location of the box, and the angle °( 

between the X-axis and the direction in which the sliding piece moved. A 

simple coded disc can give us fix to i 0.70 (8 bits) which is good enough. The 

apgroximate position of the box is obtained by two fUrther coded discs which 

measuée the angles between the arms of a simple elbow linkage by which the 

box is connected to the table. ~Such a system has been built by Adair and 15‘ 

known to give quite good accuracy, certainly the 1 %-mm which we need here. 
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The accurate position of the box is obtained by reference to a 

lattice of precisely positioned bench marks. A raster of clear "polka dots"‘ 

(about 0.1 mm in diameter, with a lattice constant of about 0.5 mm) on a 
coloured, say yellow, background is clamped against the track film and pro- 

jected together with it. The photocell behind the slit A is protected by 

a yellow filter so that the dots don't affect it; but there are two mofe 

slits B and 'C On the movable slide, and the photocells behind them are_ 

protécted by a blue filter so that they receive no light unless the slit 

B (dr- 0) moves over a dot.  B and C are of such length and are staggered 

so that neither‘dan pass two dots at once (which might cause ambiguous signals), 
yet one or the othér is bound to cross a dot within the 1 cm travel of the 

sliding piece 3 Which carries all the slits; The sigfial from the photocell 

behind B (or c) is used to digitize the distance“ '5 :has to travel to the 

nearest dot;  if both B and C produce signals thé better signal is selected 

(see below). 

3. Details 

Let us assume 10-fold magnification for the projec£or,Lwfiich should 

be enough for the crude settings required. The projected dotS'are then 

1 mm i§.diameter, 5 mm apart. The tracks will look about 0.2 mm wide,; 

Slit A: should have about that Same width, 0.2 mm,j Its length might be‘ r" 

5 mm; with that length a misalignment by 2° (easily avoided) or a radius 

of cqrvature of 15 mm (on the table) will not worsen the signal much. 

The signal — light intensity through A, as a function of the dis- 

tance :A has traveiled — wili look somewhat like figure 2, and we requiré 

the distance lg to the cents“ of the track, accurate to 0.02 mm (i.e., 2}1 

on the film). It is easy to set to i % mm, hence 6 bits of information are 
enough. To get that information I propose to square the signal (see fig. 2) 

I and use it to gate a clock signal ( c ) ,  generated by a magnetic pickup, from 

a tape attached to the sliding piece S. The clock signal will be transmitted 

atfull freguency until the gate opens, then at half frequency until thé gate 

closes again, and then no more; in that way the total number of pulses 
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transmitted is a measure of the distance to the middle of the track. That 

number is converted into digital form (binary or decimal) by electronics 

outside the box and finally punched on.tape. 

Slits B and C are 3.5 mm long and stagggred with an overlap 

(Fig; 3) of 1 mm; hence neither can touch two dots at once, ‘but one of them 

must traverse a whole dot before long, giving a standard signal (3a). Sub— 

~standard signals (when only the end of a slit passes over a do t ,  or when 

a dot is partly obscured _by a track or a smudge) will be rejected by the 

electroniés; if both slits produce standard signals the one from slit C. . 
will be rejected._ If- both signals are substandard the operator will receive 

an acoustic signal, telling him to try another point along the track; this 

should not happen often. The signals will be squared and digitized in much 

the same way as those from slit A. The gate that halves the rate of Ithe__ 

clock signals must not operate before the photocell has been in darkness 

(the slit may have been on a. dot when it started to move, and that dot must 

of course _be disregarded), and both trains of pulses must be counted and 

the numbers stored, before one of them is rejected (or both) as being substann 

dard. Probably a signal can be accepted_ if it has the correct number of half- 

rate pulses, corresponding to the full width of the dot, though one might 

think up other tests. ‘ 

The longest travel needed will be about 3 mm  (see Fig. 3), so about 

‘9 bits of 1nformatlon are required ‘ one further bit must be punched to tell 

“the computer whether the signal came from slit B or C. 

So éach time the pedal is prééééd tfie f0116Wihg data Will be panched 
"6fi fhé tape;> the'"éib0w éngIeS"; ifidicatihg the afibbifiafe CbbrdinateS”'X 

and Y of‘the'c‘éntre df‘the b‘oi,‘ ac‘curaf‘e to about: 17m (say 10 bi’és each‘ 
if an area of not quite a square metré'ié to be coVered36nfthé table)§ fthe 

angle 0(; the distance g_ by which S had to travel before the slit A 

passed the centre of the track; the distance § _ ( o r  59 by which S had 

to travel before the slit B (or C) passed the centre of the nearest dot; 
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and-one more digit whichiis 1‘ if‘ b“ and o ~=11“ ‘c 'is punched. That'” 
makes 44 bits in all, On 5-hble tape, with each number reCordéd as a Separa- 

te row of holes, each row with a' parity check we need 15 rews. 

‘That, and thé'néed for a Special computation to obtain the aééurate 
coordinates, is the price we pay for gétting accurate flgures by a stepwise, 

roundabout prOcedure from fairly crude' and hence cheap equipment. HOWever, 

both the reading of the extra rows (ideally, 8 rows would be enough t6 

record the accurate odordinateé) and the special computation shduld add less 
than a seéqhd ' fo  the time takén for each event. The computer would firsf 

vcomputé X4 andx Y from thé recdrded "éibofi" angles, and then thé éoofdinétes 

of the fiifipoint of slit B: (or C) after it has travelled the distance b 

(or _) in the direction0('. Knowing the coordinates of all the raSter dots, 

it will identify the one nearest to the computed point and will use its 

accuraté'éoordinates to correéf~ X and HY by moving the point (X, :Y) in 

the directidn p<§ from that it will then compute the coordinates of the 

midpoint of Slit A on crossing the track. Those coordinates will corres— 

lipond to a point that lies acéuratély on the track, but tse position along 

is uncertain by about 5-mm ;  usua11y that won't matter. 

To measure a point (e.g. an endpoint) that cannot be identified by 

the photocell behind A one will set that point as accurately as possible 

on the mark M and then press a button that causes the fixed distance AM 

to be punched as the value of a. To eliminate the uncertainty aeroSs p< one 

turns the box by-about 900 and repeats. Fiducial'marks in thé shape of a V 

cross can be measured accurately by letting afiécan over two arms of the 

crosggi The computer pnramme.can see to it that two successive meésurements, 

clgsg_§ggether and with the OC'S. about ortfiggonal, get cogbined to give a>v 

point that is accurate in both directions. 
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4. Eistory and acknowledgment 

The first proposal for RHODA was made in July 1961, rather in a 

hurry. A "wash board" was to be used instead of Optical bench marks; 

that would have been hard to make and would no doubt have corrugated the 

soul of the operator. "Polka dots" were suggested in April 1962, thrown 

onto the table by a separate projector. Alan Oxley then suggested that a 

coloured raster should be embodied in the film guide and the film clamped 

against it, eliminating differential distortion and unsteadiness. At first 

I thought of a box with no mechanical constraints, containing a transmitter 

to send out its information, running on dry batteries, and with its posi- 

tion roughly digitized by servo-operated light beams. That could be done 

and would be very pleasant to use but is more expensive and has been dropped 

for the time being. 
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Digitized measuring projector for the 

analysis of spark chamber photographs 

L.T. Kerth, (Berkeley) 

(Note by the editors: the subject matter of Dr. Kerth's communication 

is contained in the report UCRLrlOZSl of May 25, 1962 by J .C. Hodges, D. Keefe, 

L.T. Kerth, J.J. Thresher and WA. Wenzel). ' 

_ — — — ~ — m  
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A point position diggtizer based on 

maggetic induction 

R. Chase, (Brookhaven) 

»Dr._Chase described a device which could be moved freely'over a 

photograph standing on a.mesh of.1024 wires. An operator would just desa : 

cribe a track with the instrument, and the position woul&.automatically'-wv 

be digitised by the position of the curser in the mesh. Preliminary 

tests with a mesh of 16 Wires had given encouraging results, and the work 

was proceeding. 
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W 
(Communications 12;‘l51w14‘3n4715)=7w*~v 

ALVAREZ: Frisch's machine seems to.havg all of the electronics, 

mechanical parts, and optical parts of the SMP so I think it will cost 

about the same amount and have about the same amount of complexity. It 

seems to have three digitiseis; 2 coarse digitisers and 1 fine digitiser. 

It has all-of the attributes of an SMP so i think it is a fine machine but 

I do ndfi Sée how it is going to-SaVé any money; or how it is going to be“ 
.__.., _,. . smallér' x'ofi' Simpler . ‘ 

__,H FRISCE; _W61l it dpes no; need the big plate with_the accurately: 

drilled marks. Instead it uses a raster which, I hope, can be.repr9duced > 
photographically by contact printing and would be cheaper. All the digi— 

tisers used, record each of them separately only a moderate number of bits ,  

say ten bits in each direction. It does not need a computer on line. It 

grinds out its result on the tape and so it can be used by small laboratories 

which have limited access to a computer but would not have a computer on 

hand all the time. 

ALVAREZ: I think there is a feeling around that an SMP can only 

work on line. It can certainly work on tape. This, however, robs us of 

the error correction. Certainly thegabcuracy of the digitisers is the 

same in both directions as far as I can see. >The problems are the same, 

the methods of solution are basically the same, they seem to be to be 

different manifestations of the same basic philosophy and I do not see how 

the electronics can be very much cheaper. Perhaps they can. 

ROSENFELD: The two devices are very similar, so if you decided to 

put one on line you would probably decide to put the other on line. The 

real difference is the place you put the bench marks. Frisch's idea of 

putting them at the back of the film sounds very attractive, on the other 

hand one does then have to go to two different colours and filters; -whereas 

in the Alvarez system you just mill the thing and that is done. 
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PARKER: Has Kerth tested his lens using Bureau of Standards cards 

or some similar device? 

KERTH: We frequently use a different lens in the camera because 

eaéh experiment demands_a different magnification. We accept at the labora- 

tory only lenses with a fairly high standard, we have in several cases taken 

lenses on trial and selected the best ones. 

PARKER: The film we use can easily resolve.two lines microns apart. I 

am sure that one can get better films but we have found many quite expensive 

lenses that could not even resolve lines 30 or 40 microns apart, the sorf of 

errors you are quoting are usually due to astigmatism, and we have to test 

each lens we get independent of cost.  

KERTH: Good lenses are available, but the distortions that we have 

had trouble with between the projector and the screen usually occur in mirrors, 

now I also realise it is quite possible to mount mirrors of almost any size as 

accurately as you like providing you are willing to take the time and trouble 

in the design stage, and as I tried to indicate we were in a hurry for this 

device and that is mainly the reason why we felt thaf we wanted not to have to 

worry about any more distortions in the optical system than necessary. I think 

in the next machines that we may build.it is quite possible that we will pro- 

bably still digitise.on the film but certainly we will not be so reticent to' 

use mirrors, in that we will have time to do a more«careful job on the design 

and supported mirrors, and so forth. 

MCCORMICK: Has Kerth had any experience in measuring the spark 

chamber film on a Frankenstein device ( fo r  example taking two points on each 

part) and does this compare in time with the other approach in accuracy? 

KERTH: In either system the movement of the film to the fiducial 

line takes the adjustment of two co—ordinates. At present, it is manually 

operated, but in the next version it may be possible to have it zero on the 

track itself. In our case in this one operation you get all of the sparks 

in all of the tracks whereas in the other case you would have to take two 
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co-ordinates per Spark fdr say 10 spérks, we hafé not fried it because we 

felt confident that it was quite a bit slower. 

PARKER: Is this 1/4 Of a degree which you quote for the samé person 

just moving the curser away and back or is it rééily putting the film on 

another time and having another person measure it.‘ 

KERTH: The film was actually not taken from the machine. These 

events that Were dOne were evehts that occurred at various filaces during a 

run. -The scanflér measured a couple of times at each place on several days - 

I think a total of five scanners measured these events. 

MACLEOD: How long does it take to read out the X and Y—co-ordinatesf 

to precision of 1 in 1024? 

y . CHASE: .The time scale is determined primarily by the inductance 

represented by the orthogonal wire rays and by the~power that you can make 

available by the pulsing_transistors. In our prototype we find we can make 

our decision on each bit in 20 microseconds, and we allow something like 

lOO_microéeconds settling time between pulses in order that we do not get 

paralysis problems with our amplifier, so that with 22 pulses of.lOO'micro—‘ ' 

seconds spacing it takes us about 2.2 milliseconds for digitising. In 2.2 

milliseconds the scanner can not move the curser very far. 
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Hardware development at the Rutherford 

Laboratogy 

B. Burren, (Harwell) 

SUMMARY 

B. Burren talked of the development of a flying-line device which 

would scan with a line of dimensions 1 mm X 20‘» ,  giving about 30 scans 

per mm. The information resulting would be much less than with the HPD, 

though in other hardware aspects, the machine would be very similar. 

Encouraging results had been obtained on tests ,  and photographs were 

shown of the sort of signals produced. 

The programming problem was formidable but some use could be made 

of present prOgrammes and techniques. 

5327/ga 



- 73 _ 

"Chloe" 
A system for the automatic handling of 

spark.pictures 
* 

J.W. Butler, (Argonne) 

1. Foreword 

The system to be described was conceived by Donald Hodges and myself 

in the early part of 1961, and has since been designed and constructed by 

an engineering group led by Hodges with software assistance by Richard 

Royston. Substantial support and encouragement were provided by the High 

Energy Physiés Division of the Laboratory, particularly by Roger Hildebrand. 

The equipment is now operating but has not been put through the usual tidying 

up and debugging process necessary to produce a productive system. 

2. Introduction 

The evolution of this particular design was guided by three circum— ‘ 

stances which obtained at about mid-1961. 

Firstly, advances in cathode ray tube and fiber optics technology 

were occurring at a rate such that we could confidently expect suitablé 

tubes to be available by the time they were needed. A firm decision was 

therefore made to concentrate our efforts in this area and avoid considera— 

tion of various types of mechanical scanning schemes. The correctness of 

this decision has been borne out ,  since good tubes are now obtainable from 2 

several manufactures. 

Work performed under the auspices of the U.S.  Atomic Energy Commission. 
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-!', we are new writing a program which will énable us td‘atfémpt‘ffie' 
processing of data from an actual spark chamber experiment, but not enough 

L'!‘ 
has béen done to jUStify discussion at this time. 

6. Ackngwledgggnts. 

It is a pleasure to acknowledge the contributions of Robert Conderohe 

to the CRT czrcuit development and the able assistance of Richard webmann a” 

in design and construction of the entire system. 

1) Arthui'Rébertég'lhfiéviéw of Scientific-Ifisfrfifienfs" '32, 531 (1961) 

2) Advanced Scientific Instruments, I n c . , :  Minneapolis, Minnesota. 

3) Private communication from L. Leipuner (BNL) to Arthur Roberts (ANL), 
VAugust 1961. 
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A description of the PRU device 

13.3. McCormick, (Urbana, 111.) 

(Note by the editors: a paper on this subject was submitted to 

the Instrumentation Conference, held at CERN on July 16 - 18 and is included 

in the Proceedings of that Conference, to be published shortly in "Nuclear 

Instruments and Methods". The Informal Meeting of July 19 offered the 

author the opportunity for  a more detailed presentation and discussion). 
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A scheme fo r  automatic Erocessing of bubble chamber 

and Spark chambergphotographs ‘ . , 

A.R. Edmonds, (London) 

The report which follows is 5 briéf account of the present State of 

work which has been carried out at Imperial College over the last eighteen 

months. It is a sequel to two previous reports (May and November 1961)_ 

by the present author. I 

As to the state of the projecti .detailed design and drawing of the 
mechanical and optical parts were started sdme time ago; and experiments to 

test some aspects of the mechanical design are at present being made. A large 

part of the work has been a study of the properties of commercial computing 

and data processing equipment with respect to the track measuring problem. 

1. Stugz of the system' 

The curreni assumption is made thafi fhe'film proceSsing éysfem may 

be taken to consist of three connected parts, viz: (i). the hfiman scanner 
equipped with a suitable picture-projection device and posSibij with‘facili4 

tieé_for rough measurement of events, (ii) an autométic hadfiine fihich' ‘ 

measures selected events sufficiently accurately accofding t6 the instrbctions 

of the computer and scanner, (iii) a computer which selects the relefant 

information from the Output of the measuring machine and pceéses i t  in 

various ways for  spatial reconstruction, kinematical fitting, e t c . .  

'It is immediately evident that one of the-objects  of research must 

be to decrease haterially the extent of human intervention i.e. to lighten 

the task of the scanhe r , ' i f l no t ' t o  eliminate this stage in suitable 

ciicumstances. 
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The properties of the computer requlred in this system are parti- 

cularly important. Wé must consider the size and speed of a éomputer which 

may be expected to cope with thé various processes in'vblved at a satisfac- 

tory rate; something of the .order of several events a minute is generally 

accepted as desirable. The follbi-Iing discussion. fakes into account condi- 

tions prevailing in the United Kingdom; however, it is hoped that some, at 

least, of the conclusions may have a wider relevance, 

Plara are being made by the bubble chamber group at the Rutherford- 

Laboratory, Harwell, to use a HoughéPowell' type 219:7.s‘uring machine with the' 

output fed directly to a Ferranti Orion computer. In approximate terms the 

Orion is equivalent in speed to the 709, although it has many more advanced 

features . 

It has been known for some time that the 7090 rather than the 709" 
(a factor of about six slower) matches the natural speed of the Hough-Powell 
syst'em. The Brookhaven group, led. by R . P .  Shutt, havé' reached this conclusion. 

They already have an IBM 7090, and up to two shifts per day can be allocated 

solely to bubble chamber work. They plan to use most of the time with a 

Hough-Powell input during 1963. Is has already been agreed, howefréf, f0 

replace the 7090 by a 7094 Which is somewhat faster (probably a faCtor of 

1.5 to 2). Embryonic plans are being discussed for a much larger and fastér I 

computer. if pattern recognition problems gre to be tackled in the future,’ 

then it is essential thaf a very large computer ba parélof the overall measu- 

rement system. 

It is pertinent to inquire if any time on a very much. faster machine 

than Orion 'is likely to be available in the U.K. . The only attractive pos— 

sibility appears to be Atlas. The present author has sfudied the technical 

problems involved in connecting a measuring machine to one or other of the 

three Atla as machines (Manchester, London, N. I H.151, S., . Consultations have . 
been held with Atlas experts at Manchester University and with FerrantJ. Ltd“ 

It appears that the supervisor programme being supplied with the normal Atlas 

operates in such a way that all the data for a given computation must have 
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been read into the computer and stored on magnetic tape before the computation 

in question can start. ‘With this System it is clearly impossible for the 

computer to cantrol the measuring machine in any manner; for example, it 

could not require more careful measurement of the coordinates from oné 

pérticular scanning line after having made a first study of the data. It is, 

of cOfirée, possible but very inconvenient to alter the Atlas supervisor pro— 

gramme whiéh is located in the fixed store. One then discovers, hpfiéver, 

that Atlas in its present form is unable to accept input from any-ékternal 

device other than at a rather slow rate*). Ferranti Ltd have stated. 

informally, that a fast rate of input of 105 to 106 bits per second might 

be attained by the addition to Atlas of a special unit resembling the present 

magnetic tape ppordinator. This special purpose unit might cost afiout 

£ 250,000 and would take several years to develoy. Facing this rather-unr 

promising situation led the author to consider the possibility of carrying; 

out the first stage of processing information in a special data-handling 

device which would prepare a suitable output, preferably paper tape, which 

would become an inpfit for Atlas to handle the bulk of the calculation, namely; 

geometr§, kinematics and sorting of events using its time Sharing'facilitiéé; 

,For example, if the device is capable of selecting the measurements relating 

to the event of interest and processing the track coordinates so that each. 
track may be represented by a smoothed set of points, a typical event may be 

encoded as rather less than 10,000 bits. This amount of informatipn would 

be output'by a Creed type 3000 fast paperatape punch in a few secofidg, and read 

infb Aflas‘ihra similar time.” Although transfer of information to Axlas via - 
maghetié rather than pébér tape would haVe obvious operational advantages, 
the abbié argument shows that it is not essential; a magnetic tape deck and 

___-_-+g,__p_- 
* , 

) Since the date when this paper was presented further study of this problem 

by Ferranti has yielded a solution which will permit a high data rate for 

direct input at a significantly lower cost. - Editors. 
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associated electronics might cost-around ; 20,000.  It should also be noted 

that the,paper tape scheme referred to would have_built-in err r detectingv.l 

and correcting facilities. 

‘The dataLProéeésing unit would hafié £0 satisfy a humbér of'réQfiiféfients 

for the combined system to be equivalent to computers such as the IBM 7090 

or 7094. The most important of these is that rapid input of information from 

the measuring machine should be possible, preferably in such a manner that 

normal computation is not impeded. The memory of the device must be large 

enough to accomodate both the proceSsing programme and input and output buffer 

stores. To keep the size of the memory (and hence the cost of the device) 

to a minimum the operating speed must be very high; ~otherWise there will be a 

need for ufidue amounts of buffer storage. Finally the cost of the déVice.must 

be small compared wifh that of ohe of the usual large computers. “ 

A.number of small computing devices intended for real—time data p:Q_ 

-cessing have been developed in the last few years in the U.S.A. and in the 

U.K. and these have been considered with the above.application in mind,¢ 

Several such machines are currently available in modést versions 
I 

(4 ~ 8000 words of core istore) t prices of the order of g 50 000; more 

than one of them seems a likely candidate for the job. 
, :9HA 

”Although the originél imfiulse to consider ‘a small inté‘rmedi’at-e data 

processing unit aroSe from the problems of wdrking with Atlms, if is ibssible 

that such a philosophy may havé advantages eVen with large computers With less 

restricted facilities for rapid input and output of data. A small relatively 

cheap device may more easily be monopolized by a development programme, and 

in any case such machines are specially designed for real time finiti46héhfieiu 

Operation. 
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associated electronics might cost-around a 20,000._ It should also be noted 

that the,paper tape scheme referred to would have built-in error detectipg__l 

and correcting facilities. 

I.Tfierdata:pro§eééing unit would haVé £0 satisfy a humbér of'rEQfiiiéfients 

for the combined system to be equivalent to computers such as the IBM 7090 

or 7094. The most important of these is that rapid input of information from 

the measuring machine should be possible, preferably in such a manner that 

normal computation is not impeded. The memory of the device must be large 

enough to accomodate both the procéSsing programme and input and output buffer 

stores. To keep the size of the memory (and hence the cost of the device) 

to a minimum the operating speed must be very high; otherwiSe there' will be a 

need for undue amounts of buffer storage. Finally the cost of the déVice.must 

be email compared wifh that of ohe of the usual large computers.‘ 

A.number of small computing devices intended for real-time data pgq' 

-cessing have been developed in the last few years in the U.S.A.  and in the 

U . K .  and these have been considered with the above.application in mindfp 

Several such machines are currently-available in modést versions 

(4 ~ 8000 words of core store) u.t prices of the order of i 501,000; more 
than one of them seems a likely candidate for the job. " 

z : 3-- 

‘Although the original imfiulse to consider 'a small inté‘rmediate data 
processing unit arose from the problems of wdrking with Atlas, ii is bbssible 

that such a philOSOphy may havé advantages eVen with large computers With less 

restricted facilities for rapid input and output of data. A small relatively 

cheap device may more easily be monopolized by a development programme, and 

in any case such machines are specially designed for real time finiti45héhfieiu 

operation. 
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2. Ege propgseg meggggigg machine 

A data-processing system of the type just described will impose cer— 

tain conditions:on the design of the associated measgring machine. We may 

assume that the amount of fast storage is limited and that no tape decks are 

directly available to the small computing machine. This makes it advisable 

to process all 3 or 4 views concurrently, though this is probably also an 

advantage when only one large computer is used. The measuring machine should 

be operated in such a way that it can, on command, wait for the data processor 

to digest the last block of input before attempting to measure further. The 

possibility of re—measuring would be valuable. The measuring machine should 

also be designed in such a way that it can take advantage of the sophisticated: 

control capabilities which are characteristic of these real-time computers. 

A machine with the above properties has been sketched out (figfire 1 ) , ' >  

and mechanical and optical design is well advanced. It is essentially a 

flying-spot scanner which covers the photographs line by line. The most radical 

feature is its cylindrical symmetry (figure 2); the 3 or 4 films associated 
with the different views are sucked down onto the surfaces of parallel glass 

plates each about 220 mm long. The surfaces of these plates lie on the same 

cylinder, with radius about 170 mm and axis parallel to the length of the films. 

The film carriage is designed so that 35, 50 or 70 mm film may be accomodated. 

The film transport system is expected to be similar to that now being developed 

for the Rutherford Laboratory. The films are scanned by twelve spots of light 

emitted radially by a rotor whose axis coincides with that of the cylinder on 

which the films lie. Relntive motion of the rotor and film carriage allows 

for the scanning of the whole of each frame. Condensers and photomultipliers 

are positioned behind the films to pick up the transmitted light. 

The twelve spots of light are produced by twelve radial qptical projec- 

tiOn systems. Each.of those systems consists of a pentapriSm, and adjusting 

lens and a modified microscope objective of N.A.  about 0.25. Light_from a 

collimatOr is led into the rotor through a ring of twelve portholes in the 

side, and turned through 90° by each of the pentaprisms. 
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Successive optical systems are adjusted so thé¥ tfié sfiots tiaveiuovéi 

twelve Separate lines about 20 microns apart , ' thus covering a strip of the 

films about 240 microns wide. The size of the spots produced on the-film may ;;5 

be varied down to a diffraction—limited minimum of about 2 microns. The optical 

system WaStés relatively little of the light and very high scanning Speeds= -4 a ' 

are in principle possible without much reduction of signal-to—noise ratio. ' : ‘ 

It will be seen'thafi this arrangement éf scanning spots presents a number of 

advantages when it is remembered that the intention is to measure the films 

with the rotor and films at rest with respect to relative axial motion. It 

is, for GXample, possible by programming the measurements, to select tracks 

with-parfiicular orientations to thg direction of Scan, and to deal with tradksr 

lying nearly parallel to this direction. ,Thus no measures need be takenrto : 

supply an orthogonal scanning facility, as in the Hough-Powell scheme. 

This cylindrical symmetry implies that measurement of distance across 

the-film may be replaced by measurement of instantaneous angular position of 

the rotor; This angular position moreover would have to be.measured to a very 

high degree of accuracy to secure the precision required, (of the order of 

2 microns on the film). But by careful mechanical design we can ensure that 

the rotor runs at a very.constant speed. Measurement of position is then 

replaced-by electronic measurement of time intervals, which is easily achieved 

by modern techniques. If the speed of the rotor is monitored at frequent 

intervals and the result fed into the data-processor, ;t is not ngcessary to 

require absolute precision of speed or long-term constancy. A vevy constant 

speed over short periods of time is adequate. The alternatives of mounting 

the rotor in oil or air hydrostatic bearings are at presént béing in§estigated, 

and experiments to check the constancy of speed obtainable are in progress,‘, 

Such bearings offer an additional advantage; the axis of the rotor may be 

located with a-high degree of accuracy Without the néed for unusually precise 

methods of fabrication. In spite of certain advantages of air bearings, it is 

likely that'preasurized oil hydrostatic bearings will be-chosen. ’High pressure 

oil will in any case be needed for a hydraulic ram, and the very high stiffnessrm 

obtainable with oil bearings,'often greater than 100 kg/micron,.means that it *; 
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is possible to move the rotor with respect to the main frame, rather than 

the film carriage. This offers several practical advantages. 

The philosophy of measurement associated with the use of a small data 

processor leads us to favour start-stop operation of the axial motion of the 

rotor relative to the film. 

The rotor carriage is to be mounted on linear hydrostatic or roller» 

bearings and moved back and forth by an hydraulic ram, under control of an' 

electro-hydraulic servo valve. The reiatively high accelerations (several g) 

needed for reasonably fast start-stop operation demand a counterpoise'System 

for the moving carriage (figure 3). The preliminary design work for this has 

been completed. The intention is systematically to measure all 3 or 4 films 

together, measurements being done while the rotor carriage is at rest. 0n com— 

pletion of a set of measurements, a signal from the data procesSor causes the 

rotor carriage to move on to a new position. Tie correspOnding coordinate is 

read of the counter of a linear moiré fringe grating into the data  processor. 

The maximum speed of the linear motion would be of the order of 200 mm/soc. 

3. Associated electronics 

The wdrk already done has produced a scheme which although quite feasible, 

is too complex to describe adequately in a brief report. A few features may, 

however, be of interest) One principle adopted is to convert the photomulti- 

plier outputs into digifal form at the earliest opportunity. This gives 

several advantages; stan&¢rd commercial logical packages may be used on a 

large scalé, and a great part of the system may be independent of the rate of 

operation of the measuring machine. A figure of 2 ,000  r.p.m. for the rotor 

has been considered, but it may be profitable to vary this considerably. The 

problem arises of how to carry out rapid analogue-digital conversion? The 

answer to this is probably the use of tunnel diodes. Experiments in this 

direction are in progress at Imperial College. 
I 
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”-The general scheme will have similarities to the Bough-Powell 

philosophy; however fheré are a-number of differences. Since no provision 

is made for a scan in the a.xial direction, the system must be able to deal 

with signals representlng tracks making a small angle with the line of scan. 

The small amount of core storage assumed in the data—processing device makes 

it necessary to have a highly efficient procedure for rejecting signals 

arising from unwanted tracks. It is believed that' +heue requiremcr ts are taken 

caretxfin.the proposed system. An important feature is that the digitizing, 

circuits are to be.constructed so that the system will work over a wide range 

of scanning speeds. In this way it is hoped tQJable to make a best match 

between the measuring mac1_ine ang t4e datamprocessing unit. The rate of 

processing of events will probably be limited first by the speed of operation. 

“ofi the film.transport and the rate of punching of paper tape: 10—20 seconds 

per-event is contemplated. This should leave plenty of computing time available 

for elementary pattern recognition operations which may eventually reduce the 

amount of preliminary information (the "rough digitizations?) to be supplied 
by the human scanner. 

The data-processing device will have another function; namely, the 

control of the hydraulic servo-system which moves thé rotor carriage in the 

axial direction. Measurements are made at rest and choice of scanning lines 

on the films (three or four at once) is-made by programme according to immeq 
diate requirements. The total flow of information intQ the device is t h u s .  

reduced to the minimum necessary. .The engineering design of the measuring 

machine will make the time lost while the rotor carriage is moving a matter 

of milliseconds; with the above scheme a hundred steps per event will pro- 

bably be adequate. _The staggering of the lenses in the rotor, mentioned 

earlier in this report, will make fine adjustments of the axial coordinate 

unnecessary o 

The recording of tfack signals while the rotor carriage is at rest 

has certain practical advantages (c.f. the Hough-Powell system). For example, 

it would be expensive to equip the data—processing device with sufficient 
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core 3%orage to be able to buffer the numbers of digitizations arising: 

under exceptional circumstances (e .g .  large numbers of beam tracks, tracks 

parallel to the scan) .  With our scheme, however, overflow of the buffer 

region may be detected,  causing entry to a special subroutine which processes 

the data already in the buffer, and carries on measurement at an appropriate 

point on the next available scan. Thus, we can save on fast storage in re- 

turn for a someWhat mere elaborate engineering design of the measurifig 

machine and poSSibly a longer time for processing exceptional cases i '  Conversely, 

proceSsing‘may-be speeded up signifiCantLy when simple patterns have to Be'dealt 

with ( e . g .  spark chamber photographs). In such.circumstances, a few'doZen 

steps of the rotor carriage may be‘adequate. 

4. »conc1u3? 

The design study already carried out demonstrates that a high speed 

film measuring system can be built Without the necessity for the measuring 

machine being on-line to a very large and expensive ge34ral purpose computer. 

The proposed scheme will be at least as fas t  as the Brookhaven Hough-Powell 

system using the IBM 7090 and probably as fast as the IBM 7094 system. It will, 

however, be much more flexible in several aspects; for example, a wide range 

of scanning speeds will be readily available and the selection of axial co- 

ordinates can be programmed efficiently. 

The proposed system should be considerably more economic that the 

Brookhaven scheme since the on—line computer is probably much less expensive 

than using part of the large IBM machine. The nae of a large computer also 

limits the way in which on uses the measuring machine because it is uneconomic 

to waste the large computer's time. It has been indicated that the time 

required for measuring 3 or perhaps 4 stereo runs of an event will not be 

longer than about 20 sec. and in simple cases may be significantly shorter. 

A few seconds - say up to 5 - of Atlas time will be needed to complete the 

remaining stages of the calculation - namely, geometry, kinematics and sorting. 
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This time, however, can be. obtained using the normal time-sharing arrange- 

ments for Atlés. 

It may also be noted that the proposed system can' undoubtedly be 

used for thé evaluation of some kinds of (spark chamber pictureé. Development. 

.work 6n this problem would also be included in the programme for the machine. 

' .. - . «In‘lthe .earl-yyearsipf the-project'a considerable amount of operating~ .- 

time‘with the measuring machine and small computer would need to be devoted 

to development work with the ,aim of reducing considerably the amount of work : ' 

to be done 0n the seaming table. Thus we envisage the system being used 6.8.1.3: 

soon as possible for some production measurements, but most of its time would 

be used for research work on the development of the technique. 
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DISCUSSION 

(Communications 16, 17, 18 and 19) 

ROSENFELD: I would like to ask McCormick when will this machine be 

ready to use? 

MdCORMIGKfi The time séale depends largely upon financial questions. 

When those are resolved I will be willing t6 quote a time. 

WEEFORD: With Dr. Butlef's systém the cathode-ray tubé is imaged 

by a lens on to the film in his scanning device and yet it is a fibre-optics 

tube. Can you say What is the purpose of the fibre-optics? 

BUTLER: We bought the fibre optics because we want to eliminate 

the lenses but we are not quite ready to face the problems Ithat go Iwith run- 

ning the film directly against the tube. 

'MACLEODz‘ Edmonds Said that it was an advantage'fo be ablé £0 measure 

stereoscopic views in parallel. Even on a large computer it is not obvious 

that this is an advantage, and on a small computer I should have thought the ' 

high data-rate would definitely counter-indicate it. 

.Secqnd;y, why does scanning the picture in bands of 12 lines remove 

the need_for  orthogonal scanning?fl Thirdly, what sort of measuring timeg‘v: 

dges he expect with this machine? -Fourthly, could he gay in‘a little nope; 

detail what kind of processing he proposes to do in the small computer before 

hand-over to the large one._ 

EDMONDS: The advantage of Wofking in stereo is primarily associated 

with cross referencing beffiéen different views, and the_possibility of 

re-measuring an event ifimediately if it faiis; Now; if you have one big 

computef and you have redorded the digitisations from eaqh of your three Views 

on three separate magnetic tapes then it is a relativei& straignt forward 

business to run these tapes back and try the whole thing againfi 
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, The small computer should deal with the problems of gating the infor— 

mation which comes in. It would select frOm the ifiput information the digi- 

tisations belonging to the tracks we wnre interested in. It would put these 

digitisations together in the sense of making lines out of_them and then 

replace these lines by numbers, possibly juSt in the form of a sequence of 

co—ordinates or chosen points along the lines. The eventual output would be 

rafiher similar to what J. Burren calls a Tape A. The main idea is t9 absorb 

the information from the measuring machine and control it. 

MACLEOD: The most advanced programming techniques for this are those 

being developéd at Brookhaven and so far they have béen ablé t6 produce a pro- 

gramme Which would just about keep rate with one méasuring machine measuring one 

View. I do not see how, with a small computer which is much less powerful 

than a 7090, you can hope to process three views simultaneously. 

EDMONDS: The small special purpose computer is designed for the job, 

it is not just a cut—down version of the 7090. Some of these machines 

have facilities for micro—programming which the 7090 does not. They are desi: 

gned especially to deal with_information in this fashion rather than todo.~ 

floatinghpoint_arithmetic. The-fact that we are measuring our three views 

all at once, does not neceqsarily.mean that the machine has to run three times 

as fast as one HPD will. We have to match the speed of this machine to the 

small éofibutér and this is sofiéthing that we will find out in due course. The 

basic reaéOn far the small computer is not that the small computer would be 

better-than ‘t‘he big’one. Rather that in Efiglafid we are faced with the likeli— 

hoédndf!having“fhrée'Atlases and one of their propertieS'is that they are very 

very bad at taking in large amounts of information.‘ We are therefore lOoking 3 

for a possibility of making use of these big machines for this kind of work, 

and the small cdmpqter is a pdssible way of doing it. There afe éfifier obvious 

advantages 6f a éméil computer é. g. if we are doing devélopment work with a 

measuring machine on a small computer we have the machine to ourselves, we 

do not have Ito share it. 

WISKOTT: What 15 the advantage of having a two micron‘flying spot? 
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EDMONDS: There is no particularity advantage at the moment. The 

main point is that because of the optical design, the spot can be chosen so 

as to be anything down to 2 microns. 

I have done some experiments on a flying-spot scanner at Imperial 

College on varying the spot size and I believe that there is some advantage 

in having a spot appreciably smaller than 10 microns, particularly in the 

case of certain types of film. my View is that the spot size shbuld be 

a variable parameter, that one should not be limited to a rather large size 

of spot as one would be with the cathodeuray tube systém, or as I believé 

one Would be with the HPD. 

WELFORD: I would like to reply more fully to the question on spot 

size; If you have a spot image which is limited by diffraction and possibly 

abberations in the lens, then for the same intensity of source, the amount 

of light you get in any siZe of spot is the same. If you decreasthe spot, 

it is formed with a larger cone. If you make your optical system able to 

give you a diffractionrlimited spot of 2 microns instead of 10, then you 

can increase your original pinhole to the equivalent of 10 and then you have 

25 times the amount of light flux that you would have had in a 10 micron 

spot which was diffractiofirlimited. 

POWELL: I believe that in England there will be a number of KDF 9 

computers. Would that be easier to operate with the advantages of a large 

computer. 

EDMONDS: The answer to that is this, and I have checked on this 

with English Electric. The KDF 9 does have an interrupt facility and one 

could use the KDF 9 reasonably conveniently for direct input. It probably 

wouldn't be as efficient at direct input and output operations as the smali. 

machine would. It would probably be not as good as a 7090 but much better 

than an Atlas. 

The drawback is that the KDF 9's on order are very cut-down versions. 

They have 8,000 words of core store and I think they have only two tape decks. 
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Thus, as they stand, they are too small to substitute for an Atlas.:1‘ 

‘ The advantage of the small machines for this applicatibn is that tfiéy_ 

are specially designed for real time working, for working with short words, 

for doing logical Operations, for in and out operations and for working in 

the interrupt mode, and they are just a cut—down version of a big computer.. 

They are very much more flexible. For example,.the RW 530 has micro—program- 

ming facilities available. This gives the customer the Option to a large 

extent, of establishing exactly What the computer does, and exactly how the 

individual instructions work. With the small machine, you pay a relatively 

Small amount of money for the parts of the machine you need and you do not 

have the rest of the equipment standing idle. 

BUTLER: One comment on the RW‘SBO. 'It is a -ve ry  interesting machine 

but I think you pay quite a steep penalty for getting this micro—programming 

facility.~ A rough analysis showed that by linking two computers together; you 

have two arithmetic units going at .once on the same problem and this is a 

fairly powerful combination. 

ROSENFELD: I would just like to know how much this A31 210 costs 

and perhaps how much some of these machines you are suggesting, the small 

special purpose machines, cost .  

BUTLER: The A81 210 with two "in—out" channels costs $117, 000. We 

do not have a tape unit but we have direct data connection into the larger 

computer. We have nothing but a typewriter and a paper tape for programme 

input.;q 

‘. MACLEOD: I would like to ask Dr. Butler what is the. scénning péttern 
developed on the scanning tube of his device, as I understand it can be _ 

varied under computer control as far as the area of film that it covers but i 

I have not properly understood whéther the computer can vary the scanning 

patterns itself. 
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BUTLER: We have arranged the scanning pattern to be simply 

left or right and then start on the next line. It costs you quite a bit in 

time to have to address each pointvtransmitting an instruction from the 

computer; we can do it if we like by just setting the upper and lower limits 

to be one different. We can hit any point We like but this is rather slow. 

MACLEOD: What is the time taken for one complete serial scan? 

BUTLER: As I said, the oscillator runs at 100 kilocycles so that 

is the time it takes to develop each spot in microseconds. 

WISKOTT: I would like to ask Dr. Butler Whether the deflection 

circuitry of his cathode—ray tube was sufficiently linear, or whether some 

calibration was always necessary. 

BUTLER: We have not measured this yet ,  so I cannot answer that 

question. 
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.Concludigg remarks 

L. Kowairéki; ' (CERN) ' 

. At the close of this one-day méeting it is appropriate, firéf of 

all, to thank all those who came and contributed, one would like to do 

something more - to summarize in a few words the gist of what we have heard 

and lgarneg 5 but this does not seem to me easy. One obvious remark is 

that the subject matter of to-day’s proceedings is not homogeneous in time.'. 

WE can already speak of a first generation — hardware which, at present, is 

in actual use; a second generation, in the state of advanced development; 

a third one, almost Wholly in the future, and even one or two~in$ermediates. 

The first.generation — the actual use of Franckensteins, Iefis and $5 

on, was mentioned in the first part of the morniné session. Thé experience 

reported was progfafiming expérience and it gave a fathgr terrifying glimpse 

of the amount of work which goes into straightenifig ofit seemingly unimportant 

details. In fact each of these details is quite éssential for the quéiity . 

of the scientific output; -this means that we shall have to hiye more.and more 

programMersi: Here, as in many other things, Berkeley shows the way and.the 

figures which Werezquoted by Rosenfeld in his paper at the Inatrumentafiion 

Conference are-instructive enough. 

In the second part of the morning session the two main contenders{ n 

or should we say‘colleagues?> __ of the second.generatipngmadgrthe;r appearance ' 

side by side. Both of them pursue the same aim v to solve tpe.prqfilem of man 

VB machine (or ,  rather, the scanning and measuring girl vs. machine) but 

> their ways of approach are diametrically opposed. HPD segregates, SMP combines; 

the first resulfs of these tfio lines of development, both of which have by now 

been well launched, will be fascinating to watch. For what a prophesy at this 

level may be wofth, I think we shall find that they both will be useful in 

their separate and even slightly diverginnays, HPD holding its own in high— 

statistics research, and SMP being particularly valuable in cases where the 

events show a more pronounced individuality. 
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Some physicists, in the recent past, felt.that they could not wait 

for the second generation to become fully operative, and endeavoured to 

improve on the first generation in a less radical way. Of this "generation 

1%", the Spiral Reader is the most advanced and the most conspicuous example; 

we heard this mérning from Alvarez about the results obtained with this device. 

Later on, Brautfi described a European variant of essentially the same 

apprbach and, as fie heard oh another occasion this afternoon, European versions 

usually are cheaper than their‘American counterparts. Kerth's proposed addi~ 

tioh to thé digitized projector technique is an interesting improvement, based 

on a sbecifib propérty of spark chamber pictures. 

The contributions of Chase and Frisch belong definitely to the second 

generation, Chase's scanning table being intended to work as a part of a 

Bough-Powell system and Friséh‘s travelling box being esSentially a European 

(we have seen what khat means) version of the SMP. Both Burren and Edmonds 

seek to decisively improve on the HPD and therefore merit the label "genera- 

tion 2%". 

' Finally, in the second part of the afternoonx we heard from Butler 

and MbCormick about pattern-recognizing machines;- a third generation is on. 

its way, and already we hear a warning. The old dream of "let the computer- 

worry" may require an entirely new kind of computers, and who shall worry 

then? 

Méfiy interesting results and ideas, some serious warnings; with 

all these in mind, we shall go on working, and-such is life. 
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