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INTRODUCTION. -

The present work collects the analysis and calculations made 
to evaluate the efficiencies of pattern recognition end geometry reco~ 
struction and the measure resolution for an experiment of elementary 
particles at high energy, which the Spark-Chamber-Group of Milan is 
now running at the Serpukhov 70-GeV accelerator, in collaboration with 
a group of physicists of the Dubna Nuclear Laboratory. 

In the following chapters we describe two kinds of analyses: 

- the first one gives the dependence of the errors with which invariant 
mass and 4-momentum transfer m easurements will be performed from 
instrumental and measurements ones. The analysis is applied to events 
of two kinds, Montecarlo events and events extrapolated from a lower 
energy experiment; 

- the second analysis, complementary to the first one, gives the efficien 
cies of the reconstruction chain (pattern recognition and geometry), -
starting from the extrapolated events. 

In both cases the M.l. S. apparatus is simulated. 

Preliminary, we briefly describe the physic s of the experiment 
and the experimental set-up for a better understanding of the present 
work. 
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1. - SHORT DESC RIPTION OF THE EXPERIMENT.-

The reactions we shall study are of coherent production of bo 
sonic syst ems on nucleus, precisely: 

(1) 1t Nuc l e us ---.) 3 1t Nucleus 

(2 ) 1t Nucleus _ 51t Nuc leu s 

(3 ) - + 1t Nucleus ~ K- 1t 1t Nucleu s 

Eight different nuclei (from Be to Pb) will be used, with 40 GeV maxi 
mum e ner gy of t h e incident pa rticle. 

The events (1), (2), (3) will be a nalys ed in a great spark chamber, 
with a magnet ic field of abo ut 17 KiloGauss . Thi s chamber is constitue d 
by 50 unit s , grouped two by two, as showed i n Fig. 1 (only one unit for 
each pa ir is drawn). 
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FIG. 1 

Each plate of the units has a central window of Al (diameter 60 cm, 
thickness 57 J.L)' surrounded by a n external thickness of 3 mm AI. One cop' 
per di aphragm per unit (8 mm thick) is plac e d in the r egion around the 
central window, to detect l' originated from 1t emitted at intermediate angles. 

. th th 
In the umts from the 7 to the 14 ,the central windo ws have 

been widened to get a hi gh efficiency also for angles near to the maximum 
acceptance valu e (for systems of particles produced with high inva ria nt 
masses 1. 
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The beam is defined by a series of scintillator counters and two 
Cerenkovs; ten wire spark chambers along the beam will allow an off
-line reconstruction of the incident particles arrived in the 200-500 nsec 
interval before each trigger, between which there is the interacting 
one. 

Around the target we find , a cylindrical (F 1) and a conic (F2) cou~ 
ter, a system of lead scintillator sandwiches R1-R4' to anticoincide 
emitted at great angles or protons incoherently produced. 

Behind this system there is a lead --scintillator sandwich (G 1 -G
6

" 
,which defines an acc eptance cone of 13 0 40' and a multiwire proporfional 
chamber P, in order to count the number of pr-ongs of the produced sy.. 
stem and therefore to select events with multiplicity of fast charged pa!:, 
ticles greater than 3. 

Finally, behind the spectrometer we have the beam killer counte r 
K; the final trigger will be: 

(BK){F1F2~Ri r(Gi ) (P[n~3]) 
1 1 

where B denote s the total signal defining the beam. 

The events are photo graphed by means of two stereoscopic ca
meras with the optical axes parallel to z-axis (direction of magnetic 
'field) and symmetrical as to yz plane (see Figs. 2 and 3). 

To cover the whole length of the spectrometer, ten mirrors two 
by two stereoscopically grouped will be used; therefore the optical sy
stem is equivalent to 2 x 5 stereoscopic virtual cameras, each couple 
covering about 1 meter of length. 

For details on the experiment we refer to reference (5). 

2. - INTRINSIC RESOLUTION OF THE SPARK CHAMBER.-

2.1. - Spatial resolution.-

The main contribution to the spatial resolution that is the preci 
sion we can obtain in reconstructing a point (a spark) in the chamber -
- are the following: 

i) the spark formation mechanism; 
ii) the distorsion due to the optical apparatus (lenses, mirrors, etc" 

the quality of the film and the development process; mor eover the pr~ 
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clslOn of the apparatus for tpe automatic reading of the photographs{x). 
We shall denote all these errors with the term of "measure errors". 

As regards point i}, there is a systematic error due to the well 
knwon effects of drift and staggering of the single spark (see e. g. refe
rence (1) p. 64-65 or ref. (2) app. l. We only recall that this error is 
due to the combined action of the . clearing field -E and the magnetic field 
-> 
B. The resulting deviation of the single spark position in the y- direc-
tion (parallel to the plates) is given by the formula: 

(4 ) o y = a + b tg ~ 

where ~ is the angle between the track and the x-axis (normal to the 
, -> -Jo 

plates) and a, b are two constants depending on E, B and other param~ 
ters (as, for example, the delay-time; see ref. cit). 

+=E1====cp,;~r===='=--=--
-~Y!= --

As the , sign of 0 y depends 
on the sign of E, we have a pca
tical method t o correct automati
c ally this systematic de ',iation: it 
is sufficient to give alternating 
signs to the clearing field in two 
near subsequant gaps (see Fig, 4) 
and to take the mean y-coordi nate 
corresponding to the appropriate 
x - po s ition, 

FIG. 4 

remain an error due onlt to the 
assume reasonably that: 

Let's suppose to have cQ)::re~ 
ted the systematic errors; it will 

random spark fluctuation in space: we'ill 

(5 ) 0=0 
y sp z sp 

The measure errors 0y meas' 0 z meas obviously cannot be evaluated fl~ 
parately from 0y SP' 0 z sp; the only error we can evaluate experimentally 
is the total one, to which 0 ymeas and 0 y sp contribute, 

(6 ) 

So we can write for the total y-error: 

o 
ymeas 

2 

(x) - The "Mark II HPD" of the CNAF of Bolo gn a will be used in the 
present experiment. 
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{the factor 1/2 taking into account that t here are two ind'ipendent me ,:" 
surements of the same spark in the two wiews - see ref. {I} p. 67}. 

{7 } 

For the z-error we have similarly: 

a=la 2 + 
z V z sp 

2 
a 

z meas 

The z-co-ordi, nate is calculated by means of the difference Y2-Yl of 
the y in the two wiews {ref. (3), p. 53 - 54}: 

{8 } z = ;. {y - y } 
2 1 

,l. is the stereosco pic factor of the optica.l system, depending on the 
geo metry of the cameras; it is given by(X} {see ref. cit. }: 

{9 } • ;. = a 
d + LI y 

In this formula a is the distance betwee!1 the fid'lcial plane and t he center 
of the ph6tograpnic cameras; d is the d:i stance between the op':ical axes 
of the stereoscopic cameras and LI y is the difference Y2-~1 above me~ 
Honed, for the c e nter of the spectrometer (see Fig. 3). 

For t-xample, in the "CERN Little Omega" chamber {I} it has 
been found ;. = 4.75, whereas for the M.1. S. spectrometer we have esti 
mated ;.~ 3.3. 

From (8), assuming equal measurements errors for Yl' Y2' we 
have: 

{I O} 

and then, from {5} and {7}: 

{11 } 
I 2 2 

az=l / a +2). 
V y sp 

2 
a ymeas 

With the q.uoted values of;', in the (11) a !::>ecomes negligible as 
Z ysp 

to 2 ;. 2 a , so that: 
ymeas 

(x-) - This simple formula is valid i n absence of refractive elements bet
ween the spectrometer and the lenses . 
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(12) a,.J!2).a 
z ymeas 

Therefore, measuring experimentally a z' 
subsequently, by means of a measurement 

we can evaluate aymeas; 
of a y ' from (6) we can find a . 

ysp 
a is determined from the differences between measured and 

fitted spafk coordinates. 

We must -notice that a , a z depend on the azimuthal angle ~ whic h 
the track forms with x-axis (Xormal to the plates). This has been found 
experimentally at CERN(I,2): 

(13 ) 

(14) 

a = 0.019 + O. 17 ¢2 (em) 
y 

a = 0.06 + 0.22 ¢2 (em) 
z 

Remembering that ¢ is very little in our :vents, we can coneen 
trate our attention in the first term of a y' The other free parameters 
are the errors on P, ). , ¢ for the incident particle, that is LI pip, LI)' , 
LI ¢. Finally the value a z can be bbtained from (12) with the appropdat e 
value of ). stereoscopic factor for M. I. S. spectrometer. 

'2.2. - Errors on the particle moment a due to the spatial resolution.-

The errors on the co-ordi nates (1/ Q, )., ¢) of a particle (which 
characterize its momentum), simply propagate from the errors a y' a z. 

Here we only give the final results in form of error matrix 
on (1 I Q , ). '¢) (for details see ref. (3), p. 45-48): 

8 a 2 as a z 
( 

s 
) 0 -32 

2 2 3 3 
L cos ). 

2 
Leos ). 

4 a 
(18 ) 0 ( z ) 0 

L cos). 

as Uz 
4 a 2 

-32 0 ( s ) 
3 3 Leos .A. 

L cos ). 

where a is the error on sagitta of the track projected :In the xy-plane 
and it isS given by(4): 

(19 ) 
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(N is the number of measurable s parks). In (18) L denotes the length 
of measurable track. 

2.3. - Errors on the particle momenta due to the multiple scattering 
in the chamber. -

These errors, independent from the pl'evious ones, will be 
added quad ratic a lly to the measure ones to give the total errors on 
the momentum. 

(20) 

where: 

The matrix errors on (1 / Q, ;. , ~) is (ref. (3), p.49-51): 

4 
3 

K 
4 

Lc os ,1. 

o 

K 

o 

KL 
3 

o 

K 
3 

6 cos ,1. 

o 

KL 
2 

6 cos ;. 

K = --.l C with C = O. 021 / YL:o 
2 P~ 

L = radiation l ength of the ch amber (in cm) 
o 

p = particle momentum (in GeV /e ). 

2.4. - Simulation program.-

The pro gram used to evaluate the experimental errors o n M31C 
and 4-momentum transfer to the nucleus (in reactions (1), (2), (3)), s im~ 

l ates the experimental apparatus as described in the flow diagram of 
Fig. 5(x). Fo r details see ref. (3), p. 58-75 . 

As fas as the input events a re concerned, two kinds h ave been us e d: 

(x) - This program is a modifi ed and improved version (for M . 1. S. a pparatus) 
of a program kindly given us at CERN from L. Mandelli and ,adapted 
for the Univac Computer from M. Fioeca. 
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i) events entirely simulated with Montecarlo method. 
ii) events transformed at the required energy (40 GeV) from e 'vents 

of a previous experience at lower energy (15 GeV). These events have 
the same mass - distribution of the 15'- GeV ones, but they are more for 
ward peaked. because in the previous experiment the events were already 
cut with an acceptance cone of 22 0

; this corresponds, at 40 GeV, to an 
acceptance cone of about 8°. 

n;l>UT 
part.icj.e l.:o::.e!,,:'.:a 
on t:.L:.cS;1lctic t:l;:C 

Ch:::. ~':.bcr l"\T.'. :!cccnS"";!"UC':l;l '";:~~ t::.·ac'..:.s 
gc=o::.etr-J -I (c.:r~i~d=lC:Ll ~lice::J) in 

. the chn:..:.bcr 

rad. 
1ength 
of' the 
cbP-=ber 

I 
r.~"'-~.0~r=e~"-_=·'~"a=~o-orc1r.:::.

"tes (!;': O:.;lC $}:~-;':s C~ be 
iO'lorcd 1:[" any c:or.::'i tion .<) 
nrc not *'ati s :-i"c"'c"-'.L.. __ --' --- j-

I Lv tl U 8. t e S J:' ~ G. ~ ,.u"'r;c~"o"lr.c"'<"'r"~"'c;-;r.'"'1 
_1enrtth 0..': c. . T.".l:::oF:" of: ~-::a:J::3 , .. 

no 

Transfo::":.:s ~==o::-s on lip ,1. t¢I' 
in errors en (j:l 11) ,p I 'U) • 

'.".. : :, .': ~ .. Y:? ... . 

Sto::-e~ c.:.c 
l::.isto~_-:.:: 

error3 c.."1C 
o1;her C.U:lr;
titics fo::, 

- ec.ch " ev{:nt~ 

(~2.de b;.
su"c"() 

etc. 
Ca1.culutes erro=~ on the r.,!. 
~uired ~~~~-co~bi~~tions r-----~~-
(:f: COL l':J~")a..r.c on the 4-t:o;.lCZ!. ! 
tu..:l trar. slcr to tb.e nucle'..1s, I 
by ~c~~~ of tbe error ~ror~ 
&ation. 

, FIG. 5: - Flow-d~agram of the program. 

N. B. - In this pr-ogram we don't care about pattern reco gnition problem, 
but the only condition in order that the track is reconstructed is that it 
has seven sparks at least. On the contrary, in chap'c er 3 the pattern r!:, 
cognition techni que - as it will be used in the real events - is completely 
developed. 

2.4. - Res ults of the program.-

We have pedormed the analysis with different groups of experi
mental parameters , that is 0Y' Ll pip, Ll A, Ll 9. The results on the real 
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transformed events are identical to those obtained on Montecarlo ge .,e 
r ated events at the same produced invariant mass M 3 11: ' We have m a de 
the distributio!1s of the error ,1 M311: on the pcoduced mass M3 11: and of 
the erro r ,1 t 0!1 the tetra-momentum transfer at different mas s and 
with different val ues for 0y, ,1 pip, ,1;' , . ,1~. 

We s ho w now same distributions of the errors on M311: and t for 
parameter s ' values which seem to be at pt'esent the best for M . I. S . 
chamber of Se rpuko v, that i s : 

o (~= 0) = 0.03 
Y 

(cm), 
LIP 
-- = 

p 0.003, 
A -5 

LI;'=LJ ~= 10 (rad ) 

M311: is a l ways given in G eV Ic 2 , LI M3 11: in M eV Ic2 , t and ,1 t in 
(GeV Ic )2, when not specified . 

Figs . 6, 7, 8, 9 are for r eal transformed events, the firs t two 
with M311: <. 1. 4, the sec o nd t wo with M311: ~ 1. 4. t i s always L. 0.2. 

We see that in the first case we have : 

,1 M3 =20:!:7, 11: LI t = 0.006 +0.00 1 

In the the second: 

t:, M = 24 + 9, 
311: - llt = 0 . 012 + 0. 004 

In Figs. 10 and 11 t h e Li. M3 11: and L'l. t distributions for Montec arlo 
gener ated events at M3 11: = 1. 2 GeV I c 2 . 

We h ave : 

=20:!:8 , A t = 0.00 5 + 0.0004 

We give the results for, other mass values: 

M311: = 1. 6 Ll M3 11: =2 3.0+ 10 ht = 0.010+ 0.001 

M311: = 2.2 t, M 311: = 29 + 10 /';t = 0 . 02 + O. 004 

M 3 11:=3 .0 11 M3 = 4 1 +16 ht = 0.044+ 0.013 

6t 
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We notice that the best percentual error, (b. M/M· 100), is 1. 3% and 
that we obtain this value around 1\j[3 n = 2.2 GeV /c 2 • 

From the comparison of all distributions we c an infer that (see 
Table I and II): 

1) The mean error !J. M 3 n depend,s mainly on a . Increasing a y 
of 0.01, Ll M3 n increases of about 5 MeV /c 2 at 1. 2 GeV;c 2 and about 
8 MeV /c 2 at 3 GeV /c 2, that is a variation of 20 - 25%. 

2) The mean error tJ t does not depend on A). and tJ. ~ for l'J.). 

and !::. ~ l ess than' 1 mrad. 

,ft depends slowly on Ll P /p; for instance if 11 P /p goes from 
10- 6 to 0.003, !J. t changes from 0.005 to 0.007. We remember that 
at Serpukov the value O. 003 for L\ P /p is the error on the beam avail a 
ble a priori from the beam design and that the use of wire spark cham 
bers along the beam can reduc e this ' error. 

The mean er..:::'r !J. t depends on a y in such a wa? that if a y 
increases of 0.01, Ll. t increases of 0.001 at 1. 2 GeV /c (20%) and of 
0.005 at 3 GeV /c 2 (10%). 

We have seen also what changes if we take events with magnetic 
field equal to 12 KG (previous value 17 KG) at the same values of the 
other parameters. 

lIM3 improves of about 3 MeV /e 2 at low mass (M3 n.( 1. 6 GeV / c 2 ) 
and increases of about 3 MeV /c 2 around M3 n = 3 GeV /c 2 . 

.1 t increases of about 20% and 10% around 1. 2 GeV /c 2 and 3 
GeV /c 2 respectively. 

As we'll see later the pattern recognition efficiency improves 
of 1 % (this efficiency improvement is greater for 5 prongs events of 
course) . With the set of parameters seen above and H = 12 KG (Montecarlo 
events) we have: 

t1 M3 n = 17 + 5 L\. t = 0.006 + 0.0009 

J1M3n = 45 + 20 LIt = 0.049 + 0.014 

3. - EFFICIENCY OF PATTERN RECOG NITION AND GEOMETRY RE
CONSTRUCTION PROGRAMS.-

3.1.- Descript io.,., of the p.rograms related with the simulation of events 
and their reconstruc tion. -

The D. D. division of CERN has set up a series of programs for 

6 " 
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the off -line analys i s of spark chamber events taken by the Omega (x), that 
is simulations of events, pattern recognition, momentum evaluation, event 
display p~ograms and so 0.!1. These programs are strictly related with the 
basic features and the particular data acquisition of the Omega system. 

We have modified and improved these pro grams in order to relate 
them with the particularities of lVI . 1. S. chamber of Dubna-Serpukhov (see 
Chapter 1). 

On account of space we can' t give here an exhaustive description 
of these programs (see for this the lVIanuals editcd by CERN) or all the 
modifications made on the official vers ion (for which we refer to future 
papers ). 

We have used the programs SIlVIlVIEGA and PLUlVIEGA in order to 
simulate events produc ed by the lVI.1. S. chamber; the input of SIlVIlVIEGA 
are the kinematical data of the events (vertices , momenta and charge 
of particles etc). The program generates tracks in space with the pro 
per curvature and lengths ; PLUlVIEGA uses the output of SIlVIlVIEGA (co
-ord:inates of points on tracks in t h e chamber gaps) , introduces some 
physical effects (staggering - (see p. 5 ), nois e , efficiency etc.} and 
gives an output in a format suitable for input in the reconstruction pr~ 
gram ROMEO. 

ROlVIEO is the program for recognition and geometrical reco.!1-
struction of spark chamber events taken by the Omega. We have cha n-
ged it in order to reconstruct events taken by the lVI . 1. S . chamber o .f Serp'!!. 
khov. 

Shortly we can say that ROlVIEO consists of five modules: the first 
o.:1e reads control cards and c ale ulates some secondary constants; the 
second is the fiducial mark O:1e; the third :i s the pattern recognition one, 
which recognizes events and sends tracks to the fouth module, the ge~ 
metry one, which computes the geometrical parameters of the tracks . 
The last module writes a summary of the analysed event. 

3.2. - Simulated events.-

We have used ior the simulation 100 events of coherent production 
on nucleus (Be), taken by a previous experi ment at 15 GeV ; they have been 
transformed at 40 GeV (see p. 9 ) and are 3-prongs event s of find .1t -Be-.> .1t Be. 

Since we don't know with p.recision the who:e magnetic field of 
the Dubna chamber, we have used the Omega one, increasing its dimen 
sion, not being substantial differences in shape and intensity. 

Thetrue magnetic field would give ri se to some pro blems is 

(x) - Omega is the big magnetic spark chamber working at CERN from 1970. 

6b 



reconstruction of vertex : this point must be further on investigated. 

For the staggering constants we have used the value 0,1 cm, 
while, in order to determine the spark position fluctuation, we have 
used the formula (see p. ) : 

a =0.022+0.17¢2 
fluct 

(cm) 

13. 

We have introduced an efficiency of rivelation of correlated sparks 
(that is the same sparks missing in the two views) of 85 0/0 , as p~elimi
narly measured by the physicists of Dubna in the first tests on the chamber . 

Finally we have introduced backsround sparks in each wiew, in 
the set of 50 gaps of the chamber. We have simulated at random 15 
sparks in the whole chamber: this doesn't rise to any p ~oblem i n t he re 
construction. 

3.3. - Analysis of the results.-

3.3.1.- Efficiency in the reconstruction.-

Here we only consider the efficiency of pattern reco gnitio n and 
geometry, in the maximum volume of the chamber (therefore including 
the portions of plates with a greater thickness of copper and aluminium 
(see Chap. 1 and Fig. 1). 

Here we have tested t hat multiple scattering affects little the re 
constructed track parameters and errors (see after ). 

All the events are fitted by pattern recognition, that is we have 
an efficiency of track reconstructio n of 100 0/0. This happens s inc e the 
pattern recognition module finds sparks e naugh to reconstruct the track
- also in the case of s l ow particles - in spite of simulated i nefficiency. 
The simulated sparks background doesn't give r i se to any problem, as 
already mentioned. because the sparks, being at random, are. easily 
eliminated by the spark-following and complementation process; moreo 
ver the topolo gy of our events is particul arly simple. 

We have made t he same analysis with the Montecarlo events, 
obtaining: 

M3.rc = 1. 6 P.R. Efficiency = 960/0 

M3.rc = 2.4 P.R. Efficiency = 940/0 

In the first case using H = 12KG we have 

69 
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P. R. Efficiency = 97% 

(we notice an increasing of 1% of efficiency by lowering from 17 to l~ KG 
the field H). 

3.3.2.- The geometry efficiency .-

As re gards this poi nt, we have an efficiency of :2 - 4 % lower 
th a n the correspoCldi n g pattern reco gnition one; this efficiency is very 
sensible to the magn etic field around the target(J<) . If th e magnetic field 
around the target is enough different from the one simulated 'oy us (which 
is the Omega one ), then the geometry efficiency could be very different. 
The extrapolation to the vertex i s very good also bee a use the spark error 
is very small. 

The s parks simulated by us are, as above mentione d, single 
sparks, with 40 -6 01' mean dimensions in t he hypothesis th at the HPD 
can find their center with an a pproximation o f 3-4 1' . Obviousl y, if on 
the contrary the d:imensions of the sparks were drastically lar ger, or 
if if there were frequently double or multiple sparks (i n case of bad rlln 
ning of the chamber )(O), this analysis should be made again: in this case 
the effiencies and track parameters' errOl'S should be greatly de terio
rated. 

In Fig. 12 and 13 we give the distributions of percentual errors 
on track momentum, separating the ones with p> 0 (charge +), from 
those ones with p < 0 (wharge - ), with and without multiple sc atterin g. 

The distributions are gaussian in side the statistic al errors : the 
refore no systematic errors seem to appear. 

The multi pIe sc attering spreads the di stributions a little, 

In Fig. 14 the di stributions on ¢i - ¢out are given: they are very 
peaked gaussian distributions, c entered around the origin. The multipl e 
scattering affects these errors ve r y little, 

In Fig. 15 the analogous deviatio':l ). i - ). out with and without mu! 
tiple scattering, are given, for)' i > 0 and). i < O. We ':lote a certain 
asymmetry in the histo grams at very low). . This is explained by the 
big errors in ). in the reconstruction program. All the same has been 
o btained with Monte Carlo genel"ate d events, 

(x) We recall that the distance of the t arget fr om the first gap is 
about 58 cm. 

(0) - This effect is actually not simulated in our pl'ograms . 

7 l' 
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N. a (~:o) /l}.: }.~ 1L~ 
Y P 

RUN (em) (rad) 

1 0.05 10-7 10- 6 

2 0.04 10- 7 10- 6 

3 0.03 10- 7 10- 6 

4 0.02 10- 7 0.003 

5 0.03 10- 7 O. 003 

6 0.03 10- 6 0.003 

7 0.03 10- 5 0.003 

8 0.03 10- 4 0.003 

9 0.03 10- 3 0.003 

10 0.02 10- 5 0.003 

111 0.04 10- 5 0.003 

12 0.05 10- 5 0.003 

13 0.0 10- 5 0.003 

14 0.03 10- 5 0.003 

15 0.05 10- 5 0.003 

RUN J4 : RUN 7 + H : 12 (KG) 

RUN 15 • RUN 12 + H = 12 (KG) 

M3't'::. 1.4 

- 0.liM IlM 3" 1\13" 

31 10 

25 9 

20 7 

15 6 

20 7 

20 7 

20 7 

20 7 

20 7 

15 6 

25 9 

31 10 

6 4 

17 6 

26 8 

TABLE [ -----

113,,-". 1. 4 t,,-0.02 

t;M3 °AM 
3" 

Si aFt 

35 13 0.007 0.004 

30 11 . O. 006 0.003 

24 9 0.005 O. 003 

18 7 0.004 0.002 

24 9 O. 007 0.003 

24 9 0.0070.003 

24 9 0.007 0.003 

24 9 0.007 0.003 

24 9 0.0100.003 

18 7 0.006 0.003 

30 11 0.008 0.004 

35 13 0.009 0.004 

8 5 0.005 0.003 

22 8 0.008 0.005 

32 10 0.011 0.006 

1\13" 1 •. 4 tfO.02 

Kt a ,1t 

.0.006 0.003 

0.005 0.002 

0.004 0.002 

0.003 0.001 

0.006 0.001 

0.006 0.001 

0.006 0.001 

0.006 0.001 

0.008 0.002 

0.005 0.001 

0.007 0.002 

0.008 0.002 

0.004 0.001 

0.006 0.002 

0.008 0.003 

l\I3,,~1.4 t~0.02 

At a Ll t 

.0. Oi l 0.004 

0.009 0.004 

0.008 0.003 

0.006 0.003 

0.012 0.004 

0.011 0.004 

0.012 0.004 

0.0 12 0.004 

0.013 0.004 

0.010 0.003 

0.013 0.004 

0.014 0.005 

0.009 0.003 

0.014 0.008 

0.018 0.010 

'" ..... 
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TABLE II ----

N. o (~=o) t.J.=(J<I ~ M3n AM3 0/1 M3 At 
y p :c 

RUN (em) (rad) 

I 0.05 10- 7 10-6 "1.2 30 11 0.004 

2 0.04 10 
-7 10- 6 1.2 25 10 0. 004 

3 0.03 10- 7 10-6 1.2 20 8 0.003 

4 O. 02 10- 7 0. 003 1.2 15 7 0.002 

5 0.03 10- 7 0.00 3 1.2 20 8 O. CbS 

6 0. 03 10- 6 O. 003 1.2 ·~O 8 0.005 

7 0;03 10- 5 0.003 1.2 20 8 O. 005 

8 0.03 10- 4 0.003 1.2 20 9 0. 005 

9 O. 03 10- 3 0.003 1.2 20 9 0. 005 

10 O. 02 10- 5 0.003 1. 2 15 7 O. 005 

11 0. 04 10- 5 0.003 1.2 25 10 0.006 

12 0. 05 10. 5 0.003 1.2 30 11 0.006 

13 0.0 10- 5 0.003 1.2 5 4 0.005 

14 0.03 10- 5 O. 003 1.6 23 10 O. 010 

15 0.05 10- 5 0.003 1.6 35 14 0. 012 

16 0.03 10- 5 O. 003 2. 2 29 10 0.020 

17 O. as 10. 5 0.003 2.2 41 14 O. 024 

18 O. 03 10- 5 0.003 3.0 41 16 0.044 

19 0.05 10. 5 O. 003 3. a 55 17 O. 053 

20 O. 03 10- 5 O. 003 1.2 20 5 O. 006 

21 O. as 10- 5 0. 003 1.2 26 8 0:007 

22 O. 03 10- 5 0.003 3. a 45 20 O. 049 

23 O. as 10- 5 0. 003 3. a 57 18 0.059 
------- ---

Hun 20 = Run 7 + H = 12 (KG) 

Run 21 = Run 12 + H = 12 (KG) 

Run 22 = Run 18 + H = 12 (KG) 

Run 23 = Run 18 + Ii = 12 (KG) 

7 f' 
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0.0004 
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0.0001 

O. 0009 

0 .. 0011 

O. 004 

O. 005 

0.0 13 

0. 012 

0.0009 
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O. 014 

O. 012 
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