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TO:

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

Contract No. W-7405-eng-48

ERRATA June 14, 1962
All recipients of UCRL-10057 |

FROM: Technical Information Division

SUBJECT: UCRL-10057, "Acoustic Spark Chamber'" by Bogdan C. Maglié

and Frederick A. Kirsten, dated May 2, 1962.

Page Line From Reads . Should Read
i 2 - Dbottom _‘ oo éhree probes per gap ..'s two probes pe':.r gap
4 i0 bottom o . 0.5% atm _ 1% atm
5 1 top of weak shock waves’l  of such shock waves
5 9-10 top . ‘shock-wave riée-time. ¢ een sl.fzock"-wave with a
o rige time...
5 7 bottom o 1v 0.7V
6 8 top . delete comma after "seen" |
6 9 top delete comma after Hwaves'
7 10 top .e. takes careof ... . ... registers...
10 '3 top 30 <6 <180 o 30 <6 <150
10 8 top Section 7. . Section 8.
10 - 16 top ~ See attached cheet
17
18 .
12 Replace with attached gheet
14 To Reference 5, add: "These crystals have been made aéco_rding._
~ to our specifications in size and shape.”™ - o
15, Table I Delete the last line: 4 190 several 4 2.1

and 4 in the'legend.
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recorded on a magnetic tape, this time would go down to 10 msec in the

resent setup.
P P

With two tracks in the chamber, one needs six probes per gap to

determine uniquely the spark positions with the present electronics, whose

 virtue is its extreme simplicity.

The recovery of a probe is also 10 msec (ai;d can probabljr be reduced
with better acoustic impedance matbhiggt);this means that within a 0.1-sec

Bevatron pulse, ten two-track events per pulse, or 20 tracks per pulse can

be accepted, when six probes per gap and the present simple electronics
design areused; ”However.” éen tracks per pﬁlae is a sufficient rate for many
experiments and this can be accomplished with only two probes per gap. In
order to handle moz:ééhaﬁ tv}o evén’w.per 16 mesec, a different désign of
the probes {no z~inging) and more complicated electronics is needed.

‘There have been proéoé‘ed several spark-chamber data-reduction
systems -~ optical, electrical or eléqtzi'onic -- either as an alternate or as

an improvement to the photogzaphic method. 8-12

At this time, it does not
secem feasible to discuss the properéiesof our ay-stem‘ in comparison with

these prdpos‘ed systemss; since, to our knowledge, ‘operé.ting' chambers based
on other than photographic or acoustic systems have not been made and tested

under running conditions.
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Page 10, Line 16, from bottom: The two sentences, beginning with:

"Their result on 8..." should be replaced by the following text:

They obtained a one-dimensional resolution of 4 mm at an average
c’iisftance of about 10 cm (1 part in 2.5) | This implies a rise time of the

order of 10 psec in contrast to 1 psec (or less) that can be inferred from

1,

2,
the early works, from numerous shock-wa.ve measurements in plasma

~discharges, and fy.cm our measurements, Smce. in order to design a two-
. dimensional acoustic sy...tem which has a resolution that can competeé with

that of tl:e phomgraphxc mechod, a one-dlmenmonal resolutxon at lea.st one

order of magmtuda better tha,n that obtamed by Fulbright and Kchler is

reqmred, their test has undoubtedly left open the quest:on of the feasib111ty |

- ,of the acoustic spark chamber. Nevertheless, it is proba.bly the first

congcious attempt to locate sparks by sonic waves. Similar work was

'subseqt.ently d;one by thtehead, 7 who measured the varia.t:oms of the '
_amplitude of sonic waves wath dmtance by means of a piezoelectric crystal

"and confirmed the earlier resultéa obtained by a lessg-advanced technique.
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ACOUS‘I’IC SPARK CHAMBER
Bogdan C.: Maglié and iF‘mae’ricﬂc;Asmﬁrsten ,
Lawronce Radiation Laboratory

“University of California
Berkeley, California

_ May 2, 1962 ‘_ -

' Abstract .

Positions of the tracks produced by coamic rays in a 15-kV four-

_gap spark chamber were determined by measuring the time of flight T of the o
 izehock waves produced by sparks in érgou. A pair of acoustic probes, using ... .
' barium-titanate piezoelectric tranaducers is placed in each'gap of the spark

chamber, Times,T, jn psec for each probe,i ,are measured by a timegaérter

- and printed 2 sec after the passage of the particle through the chamber; from

these, the position and the anglo of the track was reconstructed by a program.
With the spark energy of z joula:. signals of the order of 1 V are

 obtained from the transducer. These signals are of N-wave form, with the'

rise-time of 1 psec or less. The full-width one-dimensional resolution in the
spark position is 0.33 mm up to a distance of 52 cm; and 0.41 mm at 1 meter

v (giﬂng an accuracy to 1:2,500). The full-width spatial resolution, measured

with three probes per gap is O.t_l:h 0.4 mm. The time-of-flight vp distance

| dependence is linear up to 2 meters. The recovery time of the probes is

10 psec, suggesting the possibility of handling up to ten tracks during a long-
apill accelerator pules, with three probes per 3ap§ and up to 20 with six probes

PP -
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" ACOUSTIC SPARK CHAMBER™
Bogdan C. Magli¢land FredeticKiAstKirsten

 Lawrence Radiation Laboratory
.- University of California -
‘ Borkeloy. Can:omla

May2, 1962

R Introduction el ST

At present, in spark-chamber experimonts the position and the

:'%:-f», angle of particle tracks aro obtained by measuremants made on stereo Ph°t°'1

'grapha of the: sparks. We are. repﬁrting an altarna.te method which utﬂizes :
S sound (shock waves) mher than light produced by aparka. With & pair of o
o ‘microphonea (piozoelectric probes)pié\czed betwoen each pair of spark-cha.mber
pla,tes (each gap), the tima of mght of the sound signal from the spark to the ﬁ

i , probes detcrminea unlquely tho spark coordinates, x and Yo in each gap. From

these, one can reconstruct tho poaition and the &nglﬂ °‘ the track. If this | :
approach is feasible, the procesa of taking, scanning. and measuring photo-"

o graphs bécomes unnecesaary. "The track coordinatea are obtained within

' seconds after the occurrence o! the spa.rko. in contraat to months of pictuze

5__‘ ané.lysih. They can be fed to a compmtor which. in turn. perfoms the work
| . equivalent to scanning and meaauring. ' L _ - '.
The applicability of this dea crttically depends on the resolution S

with which the shock waves can define the positions of sparks, apart £rom -
g other factors. | Wo presont here the rasulto of our &nvutigationa of one- K'
~ dimensional resolution, spatial tésolution. design, operation, poasible
~extensions, and limitations of ;.';!“,‘.?h,zf‘,“."‘."‘?‘_f?‘_‘.‘?'f apuk chamber.

ey
e
Jlmta
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" 2. Position of the Spark and the Space Resolution

E ';7 Consider the ith gap of an n-gap spark chamﬁer; Let the'timo

ta.ken by the gonic wave to travel from the spark to pienelectpic probes 1 and :
2 bet, andt __z. the velocity of aonnd in a gas. c. ‘and the distance between the 'f |
prabes. a. The spark coordinateo x and y are the poiut of lntergei:tlon of
two circlen of. radu R1 = t e and Rz » tz/c. ,whoce centera a.re at (a. 0) and -

(oo 0)2 ' 2
S ¥ "‘\," e Rzi ‘- Rli ST
R .;z

volob s
5 I

R Tate (Ru * "x ’Vz W e
where index i refers to tha gap number. We avotd the double-valuzd y :
by taking only a half-pune (y > 0) L o. by placing both probea on the same oide
ofthephte(v-o) o . .‘ L
: o 'rhe half-width oi’ the resolution in x and k¢ is obtained by dlfferentiating

| x and y. a.a a function o£ R1 and Rz. 8ince R‘l and Rz are (ndependent variables.

the half-width becomes S R PO
R T (RydR,)% # (R dR ) i S 5
i) .l_lz. 2 2 — @)
P R ‘ - . nvri“ \'., B o ak o ) N e S [P - . .._q...v.

'- '.' vwhere de and dR represent the uncartaintiea in the definition of the apark

positiona along a ntraight-line apark proba. i. e. the one-dimension reaolmion.
Asit wiu be seen. de and dR are naarly 1ndapendent of RI and R (within

1 metef). It ia reasonable to auup:o de dRz 5. so.that qu (2) bccom“ | ,
e Ef mest). @
Similarly, for the unc-ermntyrin'y.{weﬁave'""vf : e o
(:J‘ e 4GEl e

'fhe apatial mbsnﬂmion ia the area of an ampu with axon Oy and ay
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; ';___.WQ assume an approximate equality of Oy and ¢ _ to the major (whichever . . =

Y

0 is larger) and the minor axes of an ellipse; this {s true only on the average, .
‘since the orientation of the major axis depends on the position P(x, y) in the |
plane of the gap. S | L | '

From Eqs. (2') and (3) it fouowa that, in order to obtain the errors'

T oat -any point P(x, y). ax. and 0 y‘ we need only the one-dimensional resolxati.on‘,

L8 @ constant.

s, Angle of the Track :

~ With only one particle pasaing through the chamber and for a given |

zi. a pair of probea in the j,th gap yields a set of values x ®Q <t and Yi & 0'yi
fr':v A least-aquarea fit to tho straight line. dofined by equations x=b+cz and »
o - y = d + ez, determines the coefficients b, € d. ‘@ and their errors & b, ... 6e. ,

;' The’ npace a.ngle of the particle paaling through the chamber is given by

" cosd = (c + e + 1)“/" o @)
jvandthe error b}’ ‘. T - ., .
o dewcos 9cot9[c(6c)+o(5e)] e - I

We have tacitly aunmed so far that the sound aignal always originatea |
l' at the center of the spark. 'rhis is not true for elanted sparks, where the source

' point is at either tcp or bottcm end of the spark. whichever is nearer to the -

| B probe. We note that, when the only quantity of interest is the ‘angle of the

| _track. it is immaterial at which point along tho spark the sound originates, |
., a8 long as this point is the sazne tn every gap. However. U. in addition to

the angle. the knowledge of the exact position of the track is reqnired.

‘ appropriate correction program has to be written to shift the y ;oordinatea. =

upon computation of the angle 6 (by an amount proportional to &iné).
4. Properties of Shoék Waves Produced by Sparks

sparks is contained in the early works of Tdpler

Much information on properties of tné_ sonic ﬁyes produced by

linnd ‘Mcra.rla.nez." The
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‘ initial spark consists of a bright core (gas discharge), which is later sur-

rounded by a less bright aheef.- the arc, involving only vapor of the olectrodeo._-_
The amplitude of the pressure wave decreasoo approximatoly like 1/R; these -

- f;“.presaure~waw.re pulses are sharp and of a wou;-defined fhickneu of the order |

‘of a millimeter. Moat relevaot to our problem is the conclusion, from the

work of these authors, that the formation of the pressure wave follows cloaely

: in time the formation of tha spark. If this concluaion is accepted and compared
* with ther recent study of the spark-formation times by Fischer and Zorn (see
. Fig. 1), one can see that, e.g. with an 15-kV argon spark chamber, the rise

'_: time of the sonic wave of the order of 1077 sec can be easily expected. o

At this point it is neceaaary to outline some of the properties of

xhock waves in gaaoo. The work of DuMond et al. on ba.lliatic shock-wa.ves : .
S _is applicable to our situation. and we shall pa.raphrase some of the points o

: discuseed lucldly by these authors. 4 Shock-wave means a propagation of a
sudden rige of pressure, densityo temperature.- and particle velocity. Ordinary
sonic waves can be thought of ao a apecial cage of shock waves in which changea
of all theae variableo are inﬁnitesimal. The presaure elevation in a weak -

: shock wave {s of the order of 0. 5% atm (our case), while that of the audible '
~‘sound is two to three orders of magnituda smaller. The velocity of !“1'01”“'*85"‘“‘n |

" of shock-waves is amplitude-dopendent, the higher-amplitudo ragions propagate

' movre rapidly than the lower-amplitudo regions. Regiona of rarifaction

by

5 »_ (negative pressure) propagate at less than ordinary ‘sonic velocity. As seen

in Fig. 2. after a lapse of time the wave takes the form of an "Nowave" '
Its £ront propagatoa ﬁster than ordinary aound. and the excess velocity £s given

D-C _ ytl1 "Pi"Po S N
- TC s Tpy o (©

- ‘which with.pl = 1,0l and y = 1.67 .(argon‘) becomes 0.2%. -
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The tMcknoes A (rise time) of weak shock waves, which determines -
E thevt-im'e resolution, is proportiona.l fo the distance traveled by the wave. This
'~ means that in an acouatic epark chamber. tho apatial resolution. becomes worse
. for remote sparks. | | |

The spatial resolution of a good spark chamber using the photographic

S - method is 20 = 1 mm (full width). The one-dimensional resolution is 26 = 0.7 mm,

+* The time resolution required ior obtaining such space resolution is equal to l/ C. :

e where C is the velocity of sound. For argon at room temperature, we have -

’ S c=33x%x10° mm/sec and At/6 = 3 p.soc/mm.u Thus, even with a shock-wave

: _ rise time At = 1 psed, f. 6., one-tenth as Iast as the spark formation time, one
. can expect 26 s 0,33 mml (The expected resolution. 8 is 7, 20, and 300%
'f?.."f';"pooger for air, neon, and holium. reapectively.) : |

" 5, Plezoelectric Probes

K The design of the acoustic probe is shown in Fig. 3.. The shock waves

" 'are transmitted from the gap of the spark chamber to an external piezoelectric

: trangducer through a gonic wave guide. The guide 19 a solid-pyrex rod, 4 mm

| in diameter, and 19 cm long. | Ito receiving‘ond is hemispherically shaped; the
'..‘_"other end ig flat and is platinum-coated. ‘I’he tra’nsducér is a Hisc of barium
.:%i.z;titanates 1 mm thick and 5 mm in diameter, silver-coated on both iaces. V It
- is pressed against the flat pla.tﬁnized end of the wave guide. Acoustic contact
- with it is achieved through an. Apiezon grease. The response of the transducor'
to pressure elevation is about 140 v per bar. #nd the typical output signal in
our,experimema wasg 1 v (p1 = 0.005 bar). We chose to take negative signal
_l from the back end of the transducer, ‘which is held in a lead damper. The
whole‘ system == wave guide, tranasducer and lead damper -~ is acoustically
isclated by O-rings and rubber washers. The bellows allows alignment of the |
| probe from outside the chamber. | .
‘The _shockv-wave aignalo. taken from the transducer without aoy 2
amplification, are seen in Fig. 4 a and b. ' The rise time is about 1 péoc. e

R 4




"_‘ringing {s of no importance. S
-Igf:"_b Spark Chamber =~

each spark had an energy of about 2 joules.

the gaps.

b UCRL-10057

and its length is probably due to the inertia of the transducer rather than the

;i-j-‘gactual shock v&ave; At farther distances beiween the spark and the probe,
o "_‘the'.’ampllitude decreased. A thrave-atage a‘mplivfierv was used; thus the signal.
appears inverted in Fig., 4. Neverthéless. the formation of the N wave B
;. ‘can be followed from g_.' b & fand pértiéulé;rly 4 " The noise whick appea.t;e a
. after the main N-wave signal in Fig. 4d is due to various reflections inside
| the guide and the lead damper, because our design does not afford adequate
acoustic ""‘"a'téhi‘vlg-v' As Wﬁl be _seen; in vthe'x_:ext ..pa“'ragx'ébhé.:' in our ‘mea.sui"eyl
 ment of the time of flight of the shoc"ﬁ'waves;‘“omy thefxieadmg edge of the
| ’Q'fif’llsigna.l from the transducers ma.tters, the probe 13. for our practical purpoaes.l'

| "deaf" right after the arrival oi the leading edge of the signal. and the later

R T A ST

‘The chamber, shown in Fig. 5, consists of five 1-in. -thick plates

j."""v}'"separa.ted bya 1/ 4-in. ga.p. | 'I‘hese plates are ma.de by stretching 3-mil =
o E"ljraJ.mr:rxim.um foil over aluminum picture fra.mea. A pulse of 15 ky from the pre-‘
. spa.rker was applied to altern’ate plates whenever a cosmic ray produced a ‘
: triple coincidence betweenvscihtillatvion counters '(‘one”oxi' top of the spark-
o chamber box, two below). The middle counter was small to allow investigations
" of different regions of the chamber by "éimiﬁg" the cosmic rays in the desired
" direction. The chamber is filled with 1 atm of argon. - There is no cxearin'g
' field. The capacitance d:scharged through the chamber was 0.04 p.f. so that

H

Nines-acoustic probes are mounted through the left side wall of

" the chamber box. Gaps 1, 2, and 4 (counting from bottom up) have two probese

Gap 3 ‘had three probes in order to measure the experimenta.l errors (see

- Section 10).  The receiving ends of the _Pyrex_wa.ve. gmdea are 3/4 in. inside |
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‘ - On the right side wall, at the height of ga.p 3, there {8 a sparker
(called the ""calibration spark'). It consists of two tungsten wirea 1/4 in. apart,
-_:-__ :‘é'qand can be pulsed with 15 k¥ from the thyratron. Its importance is three-fold
. (a) The ratio of the time of flight from the calibration spark to any of
“the érobes in air to the time of flight in argon, gi\tea directly the velocity

" .. “of the shock-wave in argon in the instantaneous temperature and other physico-

chemical conditions. The velocity of sound in air is well-known from the Tl’.’ R

'ope (see Section 9).

(b) The velocity of sound changee with temperature:é at a rate of 0.17‘4%
ﬁ_!per C. Periodic sparking from the calibra.tion spark takes care of these
changes in the course of the experiment. 80 tha.t the temperature inside the

chamber doea not have to be controlled. - R
B (c) The probe separation a. .can be determlned by using Eq. (1), sinoe N |

ox is known, better than with the finest ruler. .

A Electronlcs | N

| - The principle of our meaaurement of the time-of-flight of sonic _

7":‘. waves can be described as iollows. ‘At time t = O (the occurrence of the spark),

: o 2-Mc oscillator starts foeding the sca.ler.'\ After a time lapse t = T, the a

shock wave arrives at the probe, producing a signal at the transducer, which

| in turn stops the oscillator. ’I‘hus. the number of counts on the scaler is

B equal to the time-of-flight, T, in units of usec/2.

e Actually, T contains also the time of travel through the wave guide,.:

| At, a known quantity (of the order 30 psec) which always has t.p be subtracted

from T in order to get the time at which the wave reached the tip of the probe.:
Where poseible, the electronic system used to measure and record

~ the acoustic time delays in th.is chamber was assembled uaing exiating pieces

~ of Lawrence Radiation Laboratory standard countlng equipment. The equipment

included tranaiatorlzocl logic modules. 5-Mc 'laboratory scalera with electrical
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4

_read-out, and a scaler print-out. These items were interconnected as shown

'in the block diagram of Fig. 6.

| Basically. the time dalays were meagured by countmg clock pulaes

';_:during the im:erval between the apark in the chamber and the arrival of the oo
' ':acoustic wave at the tranaducor. Ten idem’.ical channels capable of recording

. the informatlcn irom ten transducera were provxded (only nine are actually used)

Refer to Fig. 6 ' "Start. " a signa.l from the main spark gap, is used

WL e

«}_'n_b-as the l:ime reference. and trzggere a ‘28~ p.aec monostable delay. Delay 1. At
| the end of the 28~p.aec dclay period, Delay 1 genera.tes a pulae which sets the
-:’:_"'ﬂip-flop in each chmmel -- ten ﬂip-flopa ln all. The resulting voltage levels
fz'om the flip-flops open the ten "a.nd" ga.tes. which thereupon begin paasing 7-' :

3 '1 the“clock pulses to the acalcrs. When a transducer recéives an acoustic wave-

: =..];H?'£ront. the resulting volta.ge impulse trips the discriminator. which is biased

to reject noisc pulses. The output of the dlacriminator passes through the "Or"

o spondlng transducer:

| -"L':;H:.:.sate and resets the corresponding ﬂip-ﬂop. . This stoPG the clock Pul"“ h‘t"

i '?-i*the 3ca.ler of that charmel. - B

At the end of a suitable Merval. each scaler containg a number. from

'V‘which one can determine the acoustic time delay from the spark to the corre- "

ooy A._‘;._‘v-v

K = (0.5 Nk + za) = 0. s usec,

where Tk ia thc propagatiou time oi the acoustic wave £rom the spark to the kth

“transducer, and Nk is the_ count etored in the kth scalet.

Delay 1 is provided to prevent premature resetting of the flip-flops
because of electrical noise generated by the aoark gap and the spark chamber.

v I accomplishes this by delaying the setting of the ﬂip-ﬂopa until this electrical

- ;;zinolso has disappeared. - | o e

Sometimes a transducen*may not produce a signal of sufficient

1 voltage to trlp the diacriminator. For this reason. a second monostable delay,
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Delay 2, is provided, which delivers a second reset pulse to all ten flip-flops

2 msac after the start pulse. The only action of this s*econd. reget pulse is to

' reset any flip-flops that have not prevxously been reset by their transducer. -

" Since 2 msec is longer than the longest possible acoustic delay in our gha.mber. :
 7 it is readily apparent which scalers contain invahd counts, -
v . Delay ?. also dalivers a print command to the scaler print-out. 'I'he*"
'_:print-out then producea a printed record, on paper tape. of the count stored
xn each scaler, ' The printing process consume& about Z sec, after which the .
' ‘scalera are reset, and the system is ready to record another spark-chamber
Cevemt. | | R :

The present system. ‘with its read-out time of 2 sec, is not suited

" for recording apark-chamber events at the rate at which the chambers themselves

A 'v_'can operata. A system usmg a magnetic-core buifer atom has been proposed.

- o ".It would record the data £rom a. spark cha.mber having 100 transducers onto

a magnetic tape in lesa than 0.3 sec.

8. Angular Reaponse of Piezoelectnc Probes

A knowledge of the responae of our gonic probea to the sound eignal
. asa iunction of the angle of inc:.dence is esaentzal to our method. We havg o
'used a movable spark gap in air, cons:.stiug of two 10-mil tungsten wiz_rgs ) )

- 0.25 in. ap#rt. for these meagurements. s'pax»‘ks' ;re fproducéd by 15-kV
‘thyratron pulses, and the mea#ﬁrémen&s have bee‘vn done on a large table :
covered with the graph paper. . . | |

. As seenin Fig. 7, the amplitude of the signal from the transducer-
: “has its peak 4t 6=00 deg a.nd dacreases to about one-half of its maximum value |
" at 0 and 180 deg. This va.riation is qualitatively consiatent with the change of -
~ the effective area of the hemispheral tip of the probe upon which the plane
| wave impinges in this angular interva.l. and its effecta can be easily removed

by an appropriate a.mplifxcatmn.
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The upper portion of Fig. 5 shows that, within our experimental
errors, the time-of-flight measurements of the shock wave is independent of
. the angle of incidence 6, at least in the angular range 30 deg <0 <180 deg.
Since we have not uged-a turntable in these a.ngular diatnbution meaeurements.
. our knowledge of the distance at various angles is not better than 0.5 mm.

o 2. One-mmensional Resolutxon

We hava meaaured the one-d1menoiona1 resolution. 25. in air with f
' 'the movable spark gap. descnbed in Section 7 At ea.ch &stance R. the : .
distribution of the time of fhght of the somc sxgnal. 'I‘. has been plotted in 'v
"l'f' units of 1/2 psec. The reeults are ahovm in Fig. 8a and in Table I. The
resolutmn decreaeles as the dxstance increasea. but even at 1 021 meter it is 1,
| -2 6= 0 41 mm, giving an accuracy of 1 pa.rt in 2.550. As seen in Fig. 99. the '.
resolution is even better when the sound passes between the plates of the
'_.:"_apa.rk chamber. In the course of this work. we have lea.rned of the attempta
= made by Fulbnght and ‘{ohleré to locate the spark position in a self-quenching
counter. (one-dxmensional device) by means of a piezoelectrxc transducer. 'I'heir
_result on Sis also listed in Table L Sixmla.r results bave been obtained by
Whitehead. T S | |
| As a check of the reliability of our measuring system. we have plotted |
"the time T vs distance R, which is expected to be a straight line. Figures pE
and iObehow the experimental points for varxoos probos and distances up to

2 meters. The errors are equal or smaller than the size of the lpointe. The’

E‘:&a»SlOPQ of the straight line determines the aound Velocity. C. Note that the . . ..

fi‘i?é,line doea not extrapolate to T=0atR=0. 'I‘his has to go with the delay of -

i about 2.8 psec (Sectxon 7 ) in the "sta.rt" of our clock {Z Mc oaculator).

', .inserted to accounx fot the passage of the sonic wavee through the guide. This
delay is never exactly equal to the actual passage time At. ‘I‘he difference '

of these two times, §t, has to be mea_sured for each probe; it is a constant



g ?___;jand P

«1ll- o ‘ UCRL-10057
" of the probe and is subtracted fxrom the observed time T in the computer
":program | |
: 10 Spatia.l Resolutmn G, O'Y"
According to Eqs. (2' ) and (3), thé spatia.l resiolution‘o is’ |

g _f._'vj‘deterrr‘xmed once the one-dxmensional resolutzon §is known. However. .
.i'_.:‘{.-jlimperfections in the system are bound to exmt. and a direct measurement °f
.‘Ao and o v is req\nred in order to check the va.l.ues obta.ined with the formulae. -
- _This is done by using three Probeﬁ per gap. - 1 the Pmbee are numbered L2 :
and 3, each pau- wiu determine the spark po:.nts. Plztxlz. Vlz)' 3(x 13 Yy 3).

23"‘23' V23h
'_ ;can be determined from'

Then. the average expenmental panal resolution. .!3; '_

20, TRl iR mygl) e
20, = 3 {iygp-yysl By gl (8)'_'.'_

With three probes on the measuring table and with the movable apark gap. the
:values of 0' and O‘Y that we obtained are shovm in 'I‘able II. he reaulta obtamed _
" 'mside the spark chamber under operating condztione ara ahovm in Fig. I*It ‘
; The upper portion shows an example of 16 aparks on l-cmz area. The
'triangles are drawn through three points PIZ’ Pl 3. ‘and P23 .l Most of them |
~ le within an area smaller than 1 mmz.‘ “The 1ower portxon ahovm the distribution

 of ¢° p' accordmg to Eqs. 7 and 8. for 75 sparka.- Thé avorage is o= 0 4,

S givings©

 Z0%P =0.84£0.2mm.

'11. Extensions and Limitations of the Acoustic Spark Chamber .

‘With the above déscribed'sysfem, ‘which uses nine probes, the
‘spark coordinates are prmted 2 sec after passa.ge of the partlcle through the

o chamber. If the printer were replaced by a aystem in which the data. are
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.~ recorded on é magnetic tape, this time %dd g? down to 10 msec in the
;}.;.{i.ﬁﬁ._”bl;“esant setup. &
. With two tracks in the chamber, me needs six probes per gap to
- 'de’tc;rmihfe‘uniquely the spark positions__l with the present electronics, whose -
f,‘fii;j}_,vzrtue is its extreme slmphcxty. A R

The recovery of a probe is also 10 msec (and can proba.bly be reduced

iAwith better acoustic zmpedance ma.tchmg). thia means that within a 0. l-sec

;;E.,A:.,'Bevatrcn pulse..-ten two-track events per.puls.e. or 20 tracks per pulse .-
_.;:afm be :'ac'cepté&; 'when six probes per gép arici‘ the present simple électionics -
i’,"?.*"i_,design are used 'I‘hm 13 smfxcient for’ many expemments. However, in order
: to ha.ndle more than two events per 10 msec. a dszerent design of the probea N
(no ringmg) and more’ complicated electronics is needed | ' |
o ) . There have been propoaed several spark-chamb°r data—reductxonl
:-';-i:'.?:syatema - optica.l. electrzcal or electronic - exther as an alternate or as

8. 9. 10. ll 12

an improvement to the photograph;c method. It does not seem

feasible to us, at this time. to discuss the properties of our system in

comparison with these proposed systems, L
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Table I. One-dimensional resgolution 25 at various distances R, measured
in air. Measgurements 1 through 4 refer to: (1) movable spark gap on the
: measuring table; (2) calibration epark‘in spark chamber at 6 = 90 deg

" incidence; (3) the.same at 8 = 35 degi {4) reféxf‘ézgrgce_é.

| | Measurement Distance R .Remolution _ Percent
| (mam)  At{psec) = 2&{mm) resolution
S 121 0.9   0.33 | 0.273 |
221 - 0.9 033 0150
- 321 0.9 - 033 0.105
21 . 09 033 0.078
521 09 033 0.065
Y621 L1s 0.4l 0.066
1021 LIS 0.4l 0.04
o 2021 L70 0,60 0.03
2 281 06 o021 0.073
e 200 . 09 033 0119

4 190 ‘several 4 2
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Table II. Average'experimehtal gpatial resolution obtained with three

o probes. Resolutions 0 and Uy are not given separately.

Measurement '~ Average distance Average resolution
: from center probe *
R{mm) ' 20 {mm)
% ol - 200 . 0.59%0.2
A ) 200 0.8 0.4

3Measurements on the table, with movable gap, in air,

 PMeasurements in the argon-filled spark chamber with cosmic rays.

o mo— —
—— sane t—
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L Figure Legends

L Fig. 1. Experimental values of the spark formation time in argon and

in argon and alcohol as a function of the applied voltage for gap lengths
" d\ 0.062, 0.26, and 0,52 in. (fro:n Figcher and Zorn, reference 3).
‘f‘ig. 2. Formation of N-waves. The ordinates are (P - PO), where P0 is

the atmospheric preasure {from DuMond et al, reference 4).

S Fzg. 3. Design of the acoustm probe and its spai:ial relation to the apark

chamber. (1) Pyrex wave-guide; (2) O- rmgs, {3) ring made of paper tape
for setting the wave -guide pomtion, (4) platinum coating; (5) barium-
titanate traneducer, (6) electrodes for the veltage szgnal from the
tran@ducere. (7) Iead damper, (8) rubber damper. {9) alummum screwz
(10) lucite jacket. (11) stamless steel bellows. (12) wall of the sPark- |
N . chamber box; (13) spark-chamber plates. i -
‘ Fig 4, Photographs of the oscilloscope s:races of mgnala taken :frozﬁ transducera
| of the acoustic probe‘ (a) dzrect mgnal vnthout ampliﬁcation at
R T 2cm; (b) the game at R * 4 cmj {c) shape of the amplifxed and inverted
signals at R = 28 cm (expa.nded), (d) the appearam:e of the shock-wave
| ~ signalas it arrived from a distance of about 30 cm. The "rmgmg" of
the probe behind the first N-wave lasta 10 msecs (e) the signal seen in |
| (d). after the discriminator —pulse- shaper circuﬁ:. This is the "stop"v
sxlgnal, which turns oﬁ the oscillatoz, as'\,s,een;n_- (f_), {g) én?d {h) aré |
examples of signals from two probes placéd in one-. gap of the spark
chamber. 'Probe 2 in {(h) éh@ws an e:;aniple of electromagnetic pickup
at about 100 pusec which sometimes can trigger the "stop" signal and
- confuse the measurement, | ‘ | | |
Fig. 5. ' {2) Photograph of tl';e.épark chambez. The acoustic probes are
séen at the left (s‘eé section'é); {b) and {c) show examples of the sparks

due to cosrmic rays.
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Fig. 6. Block diagram of electronics (see section 7). ’ .-
Fig. 7. Angular response of acoustic probes. The lower part of the figure
~ shows the angular distriﬁution of the volﬁage amplitude of the pulses
- taken from the tranéducer, while the uppezr part shows the angular |

distribution ofy ﬁhe time of ﬂight.- : |
Fig. 8. (o} One-dimensional resolution at various dzstances R. Here N

is the number of sparka.
| Fig e One-&imeﬁsibnal regolution iﬁside the chambef. measured with

the caliﬁré.tion spark, at constant R but two different angles of incidence, |

- Upper portien.; 0 = 90 deg; lower, @ = .35 deg. Here N is the number of

‘azvaarks. . | |
Fig. 1. {2) Time of flight T vs distance R for two probes.

(b) Time of ﬂight vs distance R obtained {rom the data in Fig. 8{:} -
Fig, llo Exéerimental spatial resolution inside spark-chamber gap No. 3,
o obtained with three probés. The upper portion shows an example of

| 16 gparks dn'a 1-cm? aréa. The corn‘e‘rslof the triangles are the spark

position as "seen" By diﬁerem pairs of probes (pairs 1-2, 1-3, and 2-3);

the lower portion showa the distributmn of o*P accordmg to Eqs. A7)

and (8) for 75 sparks. '
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