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Page Line Fro1n Reads Should Read 

iii 2 bottom three probes per gap I two probes per gap ... . .. 
4 10 bottom 0.5 o/o atm lo/o atm 

5 1 top of weak shock waves of such shock waves 

5 9-10 top ... shock-wave rise-time •• ••• shock-wave with a 
rise time ••• 

5 7 bottom 1 v 0.7 v 
6 8 top delete con1.ma after "seen" 

6 9 top delete comma after "waves" 

7 10 top . .. . takes care of ••• ... registers ••• 

10 3 ~op 30 < e < 1so 30 < 8 < 150 

10 8 top Sectio;.1. 7. Section 8. 

!0 16 top See attached sheet 
17 
18 

12 Replace with at-tached sheet 

14 To Reference 5, add: "These crystals have been made according 

15. 

~o out• specifications in size and shape. 11 ·· · 

Table I Delete the laat lixie: 4 
and 4 in tb.e~legend • 

190 several 4 2.1 
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recorded on a magnetic tape, this time would go down to 10 msec in the 

p1·esent setup. 

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 recovel·y of a probe is also 10 msec (and can probably be reduced 

with better acoustic impedance matchin.g:);this means that within a 0.1-sec 

Bevatron pulse, fe.n two-track events per pulse, or 20 tracks per pulae can 

be accepted, when six probes per gap and the present simple electronics 

design a:re used. Howeve1·, ten tracks per pulse is a sufficient rate for many 

expe:ri:ments and this can be accomplished with only two probes per gap. In 

order to handle mo2.·e than two events per 10 msec, a different design of 

the probes (no ringing) and mo1.·e complicated electronics is needed. 

There have been propos<3d several spai.•k:..chamber data-reduction 

systems· ... - optical, electl·ical or electronic ... - either as an alternate or as 

an improvement to the photog:raphic'method. 8 •
12 

At this time, it does not 

seem feasible to discuss the properties of our system in comparison with 

these proposed systems, eince, to our knowledge. operating chambers .based 

on other than photographiC' or acousti~ systems have not been made and tested 

under running conditions. 
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Page lOg Line 16, from bottom: The two se.ntences, beginning with: 

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

They obtained a one .. dimensional resolution of 4 mm at an average 
. . . ' . 

dista...'lce of about 10 em (1 part in 25). This implies a ris~ time of the 

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

the early works,], 2 !rom numerous. shock-wave measurements in plasma 

· discharges» and from our measurements~ Since, in order to design a two .. 

dim.e11Sional acoustic syst~m which ha'S a resolution that can COmpete with 

that of the photographic method, a oile~dimensional res~lution at least one' 

order of,magnitude better than that obtaii1ed by Fulbright and KQhler is 

requiredo their test has undoubtedly left open the question o'f the feasibility 
•' I 

of the acoustic spark chamber. Nevertheless, it is probably the. first 

conscious attempt to locate sparks by sonic waves. Similar work was 
.·. . '7 .. . .• . .· .. · ·.. ' 

subsequently done by Whitehead, who measured the variations of the 

. runplitude of sonic waves ;with distance by r.aeans of a piezoelectric crystal 

·and confirmed the earlier results2 obtained by a less-advanced technique. 
··.·:.; ., \ -· 

I ' •{ 

• , ,I' 
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Abstract 

ACOUSTIC ,SPAB.K ·CHAMBER. 

Boactan C. Magli<! aDd. Fl-,ederJ.dlt~Aetlinrsten 

Lawrence Radiation Laboratoaoy 
Urdvesoalty of Califos-rda 

Berkeley, Califomla 

May z. 1962. 
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... 

Poaitiona of the tracka pr~ucod by coamic rays in&· 15-kV fo':'r- ·. 

gap spark chamber wore d.etermineci by measuring the time of fliaht T of the 
.,:·. -~ '(. \.'! . 

;'(: .. shock wavea procluce4 by eparka in A,rgon. A palr of acoustic probes, using.,.:;:;·:·-> 

barium-titanate piezoelectJ'lc tranac!ucera la placed. in each gap of the apark 

chamber. Time a, T1 }A .,.aec tor each probe, f. ,a,e meaaurecl by a ti~e,.aorter 

· an4 printed. 2. aec after the puaage of the particle through the chamber; from 

these, the position and. the angle of the track was re~onstructecl by a program.· 

With the apark eneray of 2. joules, eignals of the order of 1 V are 

obtained. from the transducer. Theee algnala are ol N -wave form, with the 

riae-time of 1 .,.sec or 1•••· The full·wi4th one-ciimenaional reaolutlon in the 

spark poaltlon la 0.33 mm up to a d.istance of 52. em: I.D.d 0.41 mm at 1 meter 

(giving~ accuracy to 1:2.,500). The lull·wid.th apatialreaolution, measured. 

with three probe a per aap la 0.8. 0.4 mm. The time-of-flight u d.lstance 

dependence la Unear up to a uuttere. ·ne recovery time of the probea is 
. . 

10 ~~oeec, augae•Uns the posalbUlty ol hancUin& up to ten trac:ka 4urlng a long• 

apW acce1eratol' JNl••• · with tlu••• pl'obee pel' aap; &Dei ap to ~0 with abc probe a 
.. ,., ' .· -.' . 

.. , .. 

.· 
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ACOUSTIC SPARK CHAMBER.* . 
" .•.. , . ~; ..... , 

Boad.azl C. Magli~tancl Frede:Hck7:k.rtlU!rsten 

.Lawrence IlacUatlon Labozoatory· 
· · t.hdveraity of callfonWt. 

BeJ.~keloy, Ca.11£onla · · 

,••,.:· ... ". ·;, ': · .. · .. : 
.· Way~. 196a . 

~·.! ; ' ·• I '· ~ ' '' . ~ ' i : . . . 

• ! ·• 
. '" •' 

· 1. Introduction .. ,\ 
' . ) ' ;· .. ~ . . 

··'. 

· ; :'. angler of particle tracb are obtained by measurements· made on stereo photo• 

grapha of the '.&park&. · We are aoep<>rtlng azi alternate' method which utWzes' 

. sound (shock waves) rathe.r than light pzoodueed. hy sparks~ With a pail" of 

micl'ophones (piezoelectl'lc probei)p}a:ded between each pair of epark-chambel' 

, platea .(each aap), ··the time of IUght of. the soun4 eianal from the spark to the 
... 

. . probes. determine a 'uniquely th,, apark coordinatea, K and y~ in: each gap. Fr~m 

· ·.· .. these, one can reconatl"lict the position and th~ angle of the track. tithis .··. 
. • l~ . 

'' · approach la feaaihle, the pl'oee•s of tald.ng, · l~anaing, . and meaaurina photo~ . ··· '".;. ·.·m. 
. . . \ ~ .. 

graphs D8comea wmecesaary. · The tl'ack cool'Ginatea &l"e obtainec! within 
. '. 

. . 0 

seconds ·aaer the occul"ence of the a~:rka, iD contrast to montha of picture 
'~ ";•I ' 

analysis. They can be fed to a computer which. iA turn, performs the wol'k . 
. ', • . .': _:,;~:~·; _ _.: ..• ·.~· • .' •• '~ ... ~ $ -~-

equivalu.t to scannf.nl and measuring• . . ,_.. . 

The applicability of this idea. cl'lticaUy depencla on the resolution 

with which the emock wave• can dellne the posit:lona ·of sparks, apart &om · 

othel' .factors. We p1"eeeat here the results of o\ll" investigations of one­

d.lmenalOD&l reaolutloza. epatlal reaolUtlon. ·. •de sip. operation, pos1ible 

extens1oua, ancl Umitatt.ou of aucb aA ••acouatlc:n Sp&J'k chambea-. 
i. : -~- ! ' ·: ' -~ ~ ' ' ' i '· . . . . 

• ·' • ... : • •• : ·, •• (1. ~ ( • • ·, \ 

';;1'-' ·,: ' t ! • I 

•. : ;·,l ."- :: •. 1''':<':'' •·• . 
' ; ~ : . 

. ·. ' : . t-~ . • ' 
.. ' 

,. '· . 

,. '\: ' 

.• 

. ---.-:. --·~·-- · ...... ·-· --·· 
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Z. Position of the Spark and the S,ece Resolution 

-'. · . 
Consider the ith gap of an n-gap apar1t chambeJ', Let the time -

. taken 'by the aonic wave to travel frorn the 8J)&rk to ¢~~~1f::f'~ pro 'be a 1 and 
; ',I : '.,o ·,; 

~ · Z be 11 and!z• the velocity of aounc!.~ a·saa,.~_. ·aDd the distance 'between the 

· :probes, !:: The apa:rk coordiutea x aDc1 y are the point of inte~:~~~ion of .·. 

; ~-:two eire~~· of _radii a1 ~ t(,c ~ ·aa.~ ~~~~~ ... ~~~· .c:e~ra. ~·at .<•• 0) ~~.·· .... , . 
. . · (0,0): ., ., . ', !: ,. ' ,.· 

: . , . ·-~ 'D.., R'* -. ,.. ·;j .... ,,-:·i·. \-?_.·~.· •. ;.~-! l.:·~·::·. · .. ·-~.:~ ;-··· . ... :.·.: ··~ .· ·,'';· .. u;,.:,, ··· · '-zt • u· · .. ·· 
; • '. i: xl• \; ',: za. .. ~ .. ; <'; ~ ;;~.{;}·.··,·,.·'·. : ..... :,'. ; ..... :.<<'{;.;: ...... ~.!: ,; .: ' 

• ·,1 

: ·.· 
.. (1) 

• · •• :.~/ ~. i • ( • • ' ~ •• : ' ' . . . . : .. · . ~: .... · '· .•. ,. ' 
'' I :' I, • I • ~· :,..' ,_'i• ' • 

' ' . . . ' 

' < ;-'. ) •', . ;_ \ ' . ~. .''( . • . .: ,i -~: ·. ' ·.' ·.. \, . · ·.· '•; ... · .' < i .. '.' ,-: .·:· i,_ 
....... 

I ,I·'' 

; , 
1 

! "' '•', ' ,: 0
' '• ·~ ', : ·~ ·, • ' • '; .: : 't, .l • ' • :· ' :' ' ' , ') ;'' l ! 

1 
~I • \ , , I > i :. ~ , , , 

1
• I + : : ·, •• -

~:: where index l refera to the gap number: .Wet avoW the c!ouble~valWtd y . 
~:·.· i• • , ' ~ '. ; ' t' :. ,• I : ::. ·: ,,, 

1 _i·: ' • ''. :i 1 <• ' :, ,·\ : '. • ·,: . ' :, • .·' 1 i \ ' ' > ., o ' :' <), 

, ·· by taking only a halt-plane (y > 0) i. •· 'by placlq both probes on the s~e alae 
·.:···. :. · •• : .~ •••. t ~.:. ·, ·.~·-~ ·.; .. : ••• ;·:,· •';: ';., .·: ;.: • ~.:,;;\:~·;'. ;,!·; ··i.·.~--.:.: ,(,;'•· '. :,·· . .. ~· i ............ . 

::· of the plate (y • 0). · · · ', : · · · 
• 1 ! . • : , , : :', ;. t ' · ' ', ' : : ~ ' ... , . ' :• '. , , • : , ' I .< ~~ ' • : • , • , ,, , • , •• • , \ I ', ' 

The half-width of the reaoludon in x &Del y is obtaincad by c:Ufferentiating 
·.:: : . . ' :: . . . . :. ·. '· .. ': : i' ', : :. '.' •. 't :':".(:· !' '. ·: ' .:··. '' .· :· '·,· . : ','. • .. 

x and y. aa a funcUon o~ R1 and R1• ~*•. a1:~ R2 .~~"• mdepell4e~. variable a, 
· tlie',.ha:u-~dth becomes · . ' . · · ··. .·· , :, :".··· · :;,., ·· , .. ,; '·' ' · · · ., ... , ·· · ·'·" · · 

•·· ' · · (R dR ,a + (R eta ,a ~: ' · · .-. · · · ' .. · 
era. 1 1 a z > · 

; 
; .. :. X · . Z · ' a . . ~' 

.. <'.' 

' .. ·;.· 
. " • • t • . ' . ' ~ ' 

. : (2.) 
' .. ' •.. •1: 

;;~\'·'~~ere c!R1 and 4R1 represent the unce~af.n~~~ .in.the definition of the spark _, ,,[,;·.,.;;-,~. 
positi~na along a atralght:·Une apa~k pro~ •. l. e. the one-dimension resoltnioi. 

"' ' . 
As it will be seen, 4R1 and. clRi are. nearly IA4ependent of R1 ~ R~ (withbi 

·1 meter).. It ia_ reaaoua'ble to ae~ume . u
1 

• 4Ra •. 6, · ao that ::Eq. · (1) become• .· .· _., '· .. 

.... . ·. ~.· 2. .... · ·(.!..)1 . (a~ '.• ... ·a1 . ) ·.• • . . . ~. . .-, . ; , . . . . . . , ( z• ) . 
. · . :·,. "1 . 4'. . < . : . at . . .. u . . . .. . . . . . .. ·' · , 

Similarly~ for the UD.C:el't&intyln y, we have' ··. · 

ct~ • (*J (a~ (1- i-)z u~l (~ ~)1-. (3) 

' . the spatial ~;sn1J!ntion la the &l'e~ of AA eUlpae .with axe• C'1x aacl fly. 

' .. 

'j; 
1
.• ' I I ' 

.-......;.... ----------------~ .. k-~::....: .......... ~----·--·· ................. ---.-~ ..... ~ ............ do_ .... _.:_,_ ............. _ ..... .._~ ... -·-..... -· ••• -· 
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. )Ve assume _an approximate equality of u x and t1 y to the major (whichever ,· ... 

·. u is larger) and the minor axes of an ellipse: this b true only on the averaae,. 

since the orientation of the major axis depends on the position P(x, y) tn the 
) '. ·-
plane of the gap. 

From Eqs. (11 ) ancl· (3) it 'follows that, ill order to obtain the errors 

· at ·any point !(x. y), t1 ~ and t1 't we need only the one-dimensional J'ea.olution_: 

, 6, a constant. 
·,1, . 

' •'. 

· 3. Angle of the Track : ,; 

With only one Particle passing thl'ough the chamber and for a ai,:,~~. 

·,.. z1, .a pair of probe~ in.the ~gap yields a. ae.t o~ values xi • O'xi and Yt *(I Ji•. 
.A l~ast•equares fit to the atratght line •. deflaed by equations x • b + .cz and ·. 

i;.,.!' .. 

. :. y ~. d +' ez, determhlea ·the coet'ficients ·~. c• c.t, · e ancl their error• 6 b, ••• 6e • 

. Tho· apace &DJle ot the pa:rtlclo paaaiaa through the: clWnber ia aiven by· 

. - . . · . . l '' Z .. · ·1/Z ' ' 
· · ,: . ·. · · cos9 = (c . + e. :t 1) .-· ·, · ':: . 

. ,·>t·:•.;;':.<'}, . ' ' 
. . ' ·~: .. , . \ ' : 

(4) 
,. 

. ., 
.. •··. 1 

.: ·and the error by 
•> 1 'I'' ·'. ,. ' ; . z .... ' . ' ... . . 
· dB • cos 8 cot8 [ c:(6 c)·+ e(6 e)]. 

_. ·~·.;~ · .... 

'·.: (5) 

We have tacitly assumed so far that the sound signal always originate• 

at the center of the spark. This is not tl'ue .for slanted sparks, where the source 
. . . . . . 

.·.point ia at either top or bottom end o£.the apark, whichevel' ill nearer, to the.·.· 

probe. We note that, when the oDly quantity ot interest is the angle of the 
~ .~ .. . 

. . . 

track, it is Immaterial at which point along_ the spark the sound originates, ·.·· 

aa long as this point ia the same tn,.every gap. However, U, · in addition to · • · · ·. · 

the angle, the knowledae of the exact position of the track ia l'equired, an 

· appropriate correction program has to be written to &hUt the y coordinatea, 
t I • ' ' 

upon computation of the angle 9 (by an amount proportional to ain9). 

4 •. Properties of Shock Waves Produced by Searke · 

Much information on properties of the sonic waves produced by 
: ' ' 

Gp&l'kala contained in the early WOI'ke of.Topl~r1.and :McFarlane1• The 
- . ' . ~ . ' . . 

' .. ~ 
. '; .·: ' I, , .. 

..... ____ ~ .... ~-·. ··- '_......., ___ ,__.. __ ---- ...... -~--~---~---~--·· . ..,.. . -~---· __ _....,_, ..... -~.-.....,--............ --·· ........ --~~ ·- ..,,_ -- ··-~ ---~·- . ,.__,., _____ '"' .. ~ ...... ~.-- - - -·~ . 
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initial spark consists ~fa bright core (gas discharge), which is later sur• 

rounded by a leas bright sheet, the arc, involving only vapor of the electrodes. 

, The amplitude of the pressure wave decreases approximately like 1/R; these 

pressure-wave pulses are sharp and of a well-defined thickness of the order 

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

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

in time the formation of the spark. U this conclusion is accepted and compared 

, with the recent study, of the spark-formation times by Fischer and Zorn 3 (see 

:' , Fig. 1), one can see that, e.g. with an 15-kV argon spark chamber, the rile 
... ·,. 

, , time of the sonic wave of the order of 10•7 sec can be eaaUy expected. 

At this point it il necessary to outline some of the properties of 
. . .·~ . ' . ... ' . . .. . ., . 

, , ~ock wave a in gases. The work of DuMond et at. on ballistic _shock-waves. 
·. ·::· 

.is applicable to our aituation, ancl we shall paraphrase some of the points 
4 . . . 

ii,;. discussed lucidly by these authors. Shock-wave means a propagation of a 
. ' 

.'. . sudden rise of pressure, density, tempe_rature, and particle velocity. Ordinary 

' sonic waves can be thought of as a special case of shock waves in which ch&ngea 

of all these variablea are inflniteslmal. The pressure elevation in a weak 
.··'-: 

shock wave is of the order of 0.5% atm (our case), while that of the audible 

sound is two to three orders of magnitude smaller. The velocity of propagation 

· of shock-waves is amplitude-dependent; the higher-amplitude regions 'propagate 

more rapidly than the lower-amplitude regions. Regions of rarifaction . 

(negative pressure) propagate at· less thaz:{o~dinary:sonic velo~ity. As s.een 

in Fig • . z. after a lapse o1 tlme the wave takes the form of an ''N-wave". 
·,·· 

Its fro~. propagates laster than o:rciiDary eound, . and the excess velocity is given 

by 

D·C • y+l 
-,:- "Tv • (6) 

' .. 

which with p1 • 1.01 and y • 1.67 (argon) becomes 0.%%~, . 

' .. 
·'.':. 

---·--------~-·- .. ·-·-----·-·-·-'-----.. -. -----·-----·-·""""' - .. •· ~--~-··· -~·- ·- ·- ~-~~ ....... -- ·- ....... :...,._ ____ -- -- -~-· 
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The thickness ). (rise time) of weak shock waves, which determines ·· · ... 

the time resolution, is proportional to the distance traveled by the wave. This 

means that in an acoustic spark chamber, the spatial resolution becomes worse 

for remote sparks. 

The spatial resolution of a good spark chamber using the photographic 

· .method is Z.q = lpun (full width). The one;..climensional resolution is 2.6 = 0. 7 mm~ 

·' The time resolution required for obtaining such space resolution is equal to 1/C, 
where C is the velocity of sound. For argon at room temperature, we have 

C = 3.3 X 105 mm/sec and At/6 = 3 fJ.Sec/mm. · ThUS; even with a shock-wave 

riSe time At= 1 fJ.SOC, ·i.e.; one-t.enth as fast as the spark formation time, one 

.. ·.·.-.. · can expect ·. 2.6 :ri 0.33 mml (The expected resolution, 6, is 7, · 2.0, ·and 300o/o 

·.,. · P~!:er for air1 neon, and helium, respectively. ) ·· 

· 5. . Piezoeleetdc Probes 

~ . 

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' 

· transducer through a. sonic wave guide. The· guide is a solid-pyrex rod, 4 mm 

in diameter, and 19 em long. Ita receiving end is hemispherically shaped; the 

·other end is flat and is platinum-coated. The transducer is a disc of barium 
·. 5 . . 
titanate 1 mm thick and 5 mm in diameter, silver-coated on both faces. It 

•'; '' 

ta pressed against the flat platf;dzed end of the wave guide. Acoustic contact 

· with it is achieved through an Aplezon grease. The response of the transducer 
' ' ' . 

to pressure elevation il about 140 v per bar, and the typical output signal in 

our experbnents was 1 v (p1 = 0.005 bar) •. We chose to take negative signal 

from the back end of the transducer, which is held in a lead damper. The 

whole system-- wave guide, transducer and lead damper •• is acoustically 

isolated by 0-rings and rubber washers• · The bellowG allows alignment of the 

probe from outside the chamber. 

The shock-wave signals, taken from the tranaducer without any 

arnpWlcation, are seen in Fig. .4 a and b. · The rise time la about 1 J.L&ec, 

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

actual shock wave. At farther distances between the spark and the probe, 

the amplitude decreased. A three-stage amplifier was used; thus the signal 

.. ·. appears inverted in Fig. 4 ·c. Nevertheless, the formation of the N wave 

can be followed from a, b, c, and particularly d. The noise which appears 
_. ._ -- --

.. a!te~·the ·main N•wave signal_ in Fig. 4d is du~ to various reflecti~~s inside 

the guide and the lead damper, · beca~se our design does not ·afford adequate 

~caustic ~atching. · As will be seen, in the. next paragraphs,'. in our measure• . 

··ment of the time o£ 'flight of the shock waves, 'only the leading edge of the 

•. , . signal from the' transducers matter$; the pl'obe is, for 'our practical p~r~ses, · 

."deaf'' right after,the arrival of the leading' edge of the signal,· and the later· 

'•'! 

· ringing is of no importance.·· ' > · 
i': dJ ,.. , • '. ,, 

6. · Spark Chamber · 
,',I ·' ,,, t,·: 

·• . The chamber, :shown hi Fig. ·s, consists of five l·in. -thick plates 

. separated by· a l/4~in. . gap. : These plates are made by stretching 3-mil 

•• aluminum foil over aluminUm picture frames~ A pUlse of 15 k.Y from the pre-

. sparker was applied to alternate plates whenever a cosmic ray produced a . 

triple coincidence between scintillation counters (one on· top of the spark-
. . . ' 

chamber box, two below). The middle counter was small to allow investigations 

of different regions of the chamber by "aiming'' the cosmi~ rays in the desired 
:·.) .. , ',.. . ' : . ' . . . . . ' 

. . . direction. The chamber is filled with 1 atm of argon. . There is no clearing 

field. The capacitance discharged through the chamber was 0.04 p!, so that 

each :spark had an energy of about Z j9ules. 

N~,acoustic probes are mounted through the left.side wall of 

the chamber box. Caps 1. 2, and 4 (counting from bottom up) have two probes. 
' . . . . ' 

Ciap 3 had three probes in order to measure the experimental errors (see 

Section 1 0). . The receiving ends of the .Pyrex wave. guides are 3/4 in. inside 

the gaps. 
\' 

. \ 

..... _, ... _____ . ~--·-··-~- ..... __.......~-~~---····-- '··-
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On the right side waU, at the height of gap 3, there is a sparker 

(called the .. calibration spark"). It consists of two tungsten wires 1/4 in. apart, 

· and can be pulsed with 15 kV!rom the thyratron. Its importance is three-fold: 

(a) The ratio. of the time of flight from the calibration spark to any of 

the probes in air to the time of flight in argon, gives 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 '!' vs R 
' •1:-

· · '~'·:~lope (see Section 9). 
>,.··.·. ,.··. . 

.-' ._.,.(b) The velocity of sound changes with temperature~ at a rate of 0.17~% .·.:,:·-' .... ,- .. 

v· per °C. Periodic sparking from the caUbration spark takes care of these · 
• . • • ,.J. ,1·! ; •.. 

·.--··., 

. :·: 

; ' 

·changes in the course of the experiment, so that the temperatur~ inside the 

chamber does not have to be co~trolled. 

(c) The probe separation~ can be determined by using Eq, (1), since 

x is known, better than. with the finest ruler~ 

7. Electronics 
:· :. 

The principle of our measurement of the time-of-flight of sonic 
.;·,·r .... 

waves can be described as follows. At time t c 0 (the occurrence of the spark), 

a Z-Mc oscillator starts feeding the scaler. After a time lapse t c T, the 

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

.·in turn stops the oscillator. · Thus, the number of counts on the scaler is 

equal to the time·of .. flight, T. in units of ~sec/2.. 

),",,._;:,, Actually, T contains also the time of travel through the wave guide, .. ;···''· 

At, a known quantity (of the order 30 ~sec) which always has.~ 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 this chamber was assembled using existing pieces 

of ~wrence Radiation Laboratory standa.,-d coUnting equipment. The equipment 

included transistor~ed logic mociulee, s ... Mc laboratory scalers with electli~ 

-----~-~ ·~.,._.· ...... ~ ... -- 4""•- A,o ___ ' R -------·-- ~--· ·~· • • ,_,_ -•••• •·'·"·--··-'-
0 

-·-···- O ... 
00 

Oo •• ---- "• --~ ·-·~~-···- ,,.~ ... ~~-~-· 
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· read-out. and a scaler print-out. These items were interconnected as shown , 

in the block diagram of Fig. 6. 

. . :f. 
Basically, the time delays were measured by counting clock pulses 

· ... during the interval between the spark in the chamber and the arrival of the 

acoustic wave at the tranaducer. Ten identical channels capable of reco:rding 

the information from ten transducers were provided (only nine are actually used).· 

Refer to Fig. 6. ''Start~ " a sigrial from the main is park gap, is, use.d 
···., 1: ·l,J.': 

as the time reference, and triggers a· 2.8-JLSec mono stable delay, Delay 1. At ·. 
· ., .;·'.• , ' I • .. , I 

·'·--~r--· 

the end of the 28·'tJ.sec delay period, Delay 1 .. geJ:?.erates a pulse which sets the 

. flip-flop in each channel .. • ten flip-flops in all~ The resUlting voltage levels 

.. . from the flip•flops open the ten. nand" gates, wh!ch thereupon begin passing · 
I' . . ' , 

>· .. ':·:'·ke c1.~ck pulses to ~he sca1e,ra> whe~ a. ·tr~siluce~·ree~tves an aco~suc wave-
:,.·.": 

1 
•. I,) , ;' 

'; >·. ' front~ the resulting voltage .'impulse trips th~ discrimiuator.· which is biased 
\ .~ .' ·: : . ' . ~ . .. 

to reject noise pulses. . The. output of the discriminator pi.t.Sses through the "Oru . ' . . ' 

·;,' :· ',' , i ·, l ··'.·.·.I '. >··: 
· gate and resets the corresponding flip-flop. ·,This stops the clock pulses into 

: ~ . 
, the scaler o£ that channel. 

. . . . 

At the end of a suitabie inter~ai. ·each scaler' contains a number, from 

which 0~ can determine th~ ac~ustic time delay from the spark to the corre- . 

· sponding transducer: 

Tk = (0.5 Nk + 28) :1: 0.5 J.L&ec, 

whe_re Tk ia the propiigation time of the acou~tic wave from the spark to the kth 

·'·:transducer, and Nk is the count stored in the kth scaler. 

Delay 1 is provided to prevent premature resetting of the flip-flops 
\ 

because of electrical noise generated by the spark gap and the spark chamber. 

It accomplishes this by delaying the setting of the flip-flops until this electrical 

-·,<noise bas disappeared. 
,. 

Sometimes a transducezt:~ay not produce a signal of s~icient 

~olt'-ge to trip the discriinina.tor. For this reason, a seco~ rnonostable delay, 
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Delay 2, is provided, which delivers a second reset pulse to all ten flip-flops 

2 msec after the start pulse. The only action of this i~<fond~ reset pulse is to 

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

Since a msec is longer than the longest possible acoustic delay in our chamber, 

it is readily apparent which scalers contain invalid counts. 

Delay 2 also delivers a. print command to the scaler print':"out. The . · 
J. '! . . . •·• . . . . . • 

. · print-out then produces a printed record, on paper tape, of the count stored 
. . 

·. :~ :. 'in each: ~caler.' The printing p:r~cess consume$ about 2. sec, a.fte·r which the 
. ·:·· 

scalers are reset, ·and the system is ready to record another spark-chamber 

.. !', ; event.·' 

·. ,. · The present system, with its rea.d-out time of Z sec, is not suited 

for recording spark-chamber events at the rate at which the chambers themselves 
' . ' . . 

'•' 

_'can operate. A system using a magnetic-core buifer etozoe has been propos~d.· 

· · · It would zoecord the data. from a spark chamber having 100 transducezos onto 
. ~ ' . 

a magnetic tape in less than 0. 3 sec. 

· 8. ·. Angular Response of Piezoelectric Probes 
{" i 

A knowledge of the response of our sonic probes to the sound signal 

as a function of the angle of incidence is essential to our method. We have. 
1 ' 

·used a movable spark gap in air, consisting of two 10-mU tungsten wires 
. ' 

. O.Z5 in. apart, for these measurements. Sparks are produced by 15-kV 
. . 

·thyratron pulses, and the measurements have been done on a large table 

covered with the graph paper. 
' 

As seen in Fig. 7 • the amplitude of the signal from the transducer · 

. has its peak al,9=~ deg and decreases to about one-hal£ of its maximum value · 

' · at 0 and 180 de g. This variation is qualitatively consist4.mt with the change of.· 

the effective area of the hemispheral tip of the probe upon which the plane 

wave impinges in this angular interval, and its effects can be easily removed 

by an appropriate amplification. · 
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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 8, at least in the angular range 30 deg < 9 < 180 de g. 

Since we have not ueed·a turntable in these angular distribution measurements, 

· our knowledge of the distance at various angles is not better than 0.5 mm. 

9. One-dimensional Resolution 

We have measured the one:..dimensional resolution, 26, in air with 

the movable spark gap, described in Section 7. At each. distance R, the 

distribution of the time of flight o£ the sonic signal, T, has been plotted in 

units of 1/2. ll&ec. The results are shown in Fig. Sa and in Table I. The 
. . 

· . resolution decreases as the distance increases, but even at 1.021 meter it is 

·.i., 

2 6 = 0.4 mm, giving an accuracy of 1 part in 2,550. As t~een in .Fig. £9>', the 
' . . ·, . ~ 

' . 
resolution is even·better when the sound passes between the plates of the 

.. . 

· spark chamber. In the course of this work we have learned of the attempts 
. . 6 . .· . . . . . . ' 

made by Fulbright and Kohler to locate the spark position in a self-quenching 

counter (one-dimensional device) by means of a piezoelectric transducer. Their 

result on 6 is also listed in Table L Similar results have been obtained by 

· Whitehead. 1 

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 C:l:.Oa - . 

andtbbohow the experimental points for various probes and distances up to 

2 meters. The errors are equal or smaller than the size of the points. The · 

slope of the straight line determines the sound velocity, C. Note that the . 

:;. line does not extrapolate to T :o: 0 at R. .;; 0. This has to ~o with the delay of ···· .. ..- ··' •'·;· 

about 2.8 IJ.sec (Section 7) in the Hstart" o£ our clock (2•Mc oscillat~r), 

inserted to account for the passage of the sonic waves through the guide. This 

delay is; never exactly equal to the actual passage time .At. The 'Clif!ere~ce 

of these two times, 6t. has to be measured for each probe; it is a constant 
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of the probe and is subtracted from the observed time T in the computer 
.;:. _: 

program. 

10. Spatial Resolution ax' u ·· .Y 
According to Eqs. (2 1 ) and (3), the/ spatial resolution (].is 

:determined once the one-dimensional resolution 6 is known. However, 

.·. ~· · imperfections in the system are bound to exist, and a direct measurement of 

ax and 0' y is requi:t;"ed in ord~:r to check the values obtained ~th the formulae~ ·. 

This is done by using three probes per gap. .If the pro bee. are numbered 1, z, · 
,. \ ' ·. ' . . ' . . . . 

;'· ... and ~z3<x23~Y.23 ) •. Then, .. th~ a.verage exp~rirnental spati~l·r~solution,, ... ,\ 

... ·' ue~ •. can be det~rmined.f~om:·. :;:· .. ,· , ... ·, : , 
' ... : ··: :~-~y/.:.~,~~~-l:{/:;-: . .·· 

.. 
:., '. 

· zax exp =.· 4.,;(1xlZ~.xl31 + lxtz•Xz31 >. : :·: · . . (7) 
' ~ , I 

' .·.·. ' ' . . .' ' ~ f ''· ' . ·, . ; • ' 
'· l J. 

;''t '.·. 

1 ;". 'i· 
. . ' (8) 

''j 

,, ··with three probes. on the meas~ring 't~ble'andwith the movabi~ spark gap, the 

values of u and(] .that we obtained are shown in Table II. The results obtained 
X y , 

inside' the. spark chamber unde~ operating conditions are shown in Fig. 1w,· · 
'··, . ' ' . . •' ' ... ' ' ... ·. ' ~·' . '·: ., ' 

· The uppeJ: portion shows an 'example. of 16 sparks on 1-cm area. The 
•. 

triangles are drawn through three points P12~ ·p13, and P 23" Most. of them 
. . . . ..· . ·z. .. . - ·.. . . . . .· . . . -

lie within an area ·smaller than 1 mm.. The lower portion shows the distribution 

ofo-exp ~ accorcllng to Eqs. 7a.nd S, !o; '75 sparks. 
' ~ ' I 

The average is u = 0.4, 

'giving:' 
··.· ' ,', ' 

•' 1, .• 

r exp ·o ' 
~0' .. =q.s d:: .z mm. 

11. Extensions and Limitations of the Acoustic Spark Chamber 

.. With the above described system, .which uses nine probes, the 

spark coordinates are printed Z sec after passage of the particle through the . 
.. . ·.. . ' 

chamber. U the printer were replaced.by a system in which the data. are 
. ; .. 

'' ' 
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recorded on a magnetic tape; this time would ~.o down to 10 msec in the 
' tt 

·present setup. 

With two tracks in the ch,amber, <ltle needs six probes per gap to 

'dete'rmin~ uniquely the spark positions with the present electronics, whose 

.:··.;:virtue is its extreme simplicity. 

; The recovery of a· probe is also 10 msec (and can probably be reduced 

<<·.i_.·~th better acoua~ic _impedance ma~~,hing);' this means that within a 0.1-sec. 
'. . . . . . .: . ~ ' . ·. ,. ''•' . 

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

can be acc;epted~ 'when siX probes per ,gap anci the pres~nt .simple electronics 

·': ;: design .are used •. · This is sufficient for many ~xperiments. However, in orde~ 

.·.~ .. to ~dl~.more tha~ two events per 10 msec," a different design ~f the probes : 
'• . . 

(no ri~ging) and more ·complica~ed electronic;$ is. needed. 

There have been proposed several spark-chamber. data-reduction 

·,;' system$ ~- optic a:!, electrical or· electronic ..... either 'as an alternate or as 

,· ·.: an improvement to the photographic method. 8• 9,lO,ll, lZ It does not seem 

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

.· comparison.with thei!Se proposed systems~ 
. /.· .. 

··,, 
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Table I. One-dimensional resolution 2.6 at various distances R, measured 

in air. Measurements 1 through 4 refer to: (!)movable spark gap on the 

measuring table; (Z) calibration spark in spark chamber at 6 = 90 deg 

incidence; (3) the same at (J = 35 deg; (4) re!~l~~~ce 6. 
. ' 

Measurement 

1' 

z 
3 

4 

,. 

Distance R 

~mm) 

12.1 

2.2.1 
,..:. 

321 

421 

521 

>621. 

102.1 . 

202.1 

287 

2.87 

190 

-,: 

Resolution Percent 

At(l!:eec) Zo(m:m) 
/,· 

resolution 

0.9 0.33 0.273 

0.9. •. 0.33 . 0.150 

0.9 0.33 0.105 

0.9 0;.33 0.078 

0.9 0.33 0.065 

1.15 0.41 0.066 

1.15 0.41 0.04 

1.70 0.60 0.03 

0.6 0.2.1 0.073 

0.9 0.33 0.119 

several 4 Z.l 

.... , •. 
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'J'. 

Table n. Average experimental spatial resolution obtained with three 

. probes. Resolutions q x and CT yare not given separately. 

Measurement Average distance 
from center probe·.· 

R(mm) 

zoo 
zoo 

Average resolution 

ZO'(mm) 

0.59:: o.z 
0.8 :1:0.4 

~easurements on the table, with movable gap, in air. 

· bMeasurements in the argon-filled spark chamber with cosmic rays. 

: ; 

''. ,. 

. i ' 



-17- UCRL-10057 

... ··;. Figure Legends 

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 -·· 
~ 

· .. .. 6'. 0.06Z, 0.26, and 0.52. in. (from Fischer and Zorn, reference 3). 

::< .·, 

. . . . . ' 

Fig. z •. Formation of N-waves. The ordinates are (P1 - P 0}. where P 0 is 

the atmospheric preseure (from DuMond et a.l, reference 4). 

Fig. 3. Design of the acoustic probe and its spatial relation to the spark 

chamber. (1) Pyrex wave-guide; (Z) 0-ringa; (3) ring made o£ paper tape 

for setting the wave-guide position; (4) platinum coating; (5) barium­

titanate.tra~aducer; _. (6) electrodes forth~ voltage signal from the 

transducers; (7) lead damper; (8) rubber damper; (9) alumin~ screw; 

_ (10) lucite jacket; (11) .stainless steel bellows; (12) wall of the spark­

chamber box; (13) spark-chamber plates. 
. .. . 

.Fig. 4. Photographs of the oscilloscope traces of signals talcen from transducers 

of the acoustic probe: (a) direct signal without amplification at - . - . . . 
R. = Z em; (b) the same at R = 4 em; (c) shape of the amplified and inverted 

signals at R t:= Z8 em (expanded); ·(d) the appearance of the shock-wave 

signal as it arrived from a distance of about 30 em. The "ringing" of 
., ,_;· • • ,' .• •.L· ~: • : 

the probe behind the first N-wave lasts 10 m_sec: (e) the signal seen in 

(d), a£ter the discriminator-pulse-shaper circuit. This is the "stop" 
- - . 

signal, which turns off the oscillators as .~een in (f); (g) and .(h) are 

examples of signals from two probes placed in one gap of the spark 

chamber. Probe Z in (h) shows an example of electromagnetic pickup 

at about 100 IJ.Sec which sometimes can trigger the 11stop" signal and 

confuse the measurement. 

Fig. 5. · (a) Photograph of the spark chamber. The acoustic probes are 

seen at the lett (see section 6}; (b) and (c) show examples of the sparks 

due to cosmic rays. 
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Fig. 6. Block diagram of electronics (see section 7). 

Fig. 7. Angular response o£ acoustic probes. The lower part of the figure 

ahowe the angular distribution o£ the voltage amplitude of the pulses 

·taken from the transdu.cero while the upper part shows the angular , 

distribution of the time o£ .flight. 

Fig. 8. (<:.} One-dimensional resolution at various distances R. · Here N 

is the number of spatl,s. 

Eig. ~·~ One-dimensional resolution inside the chamber, measured with 

the calibration spark, at constant R but. two different angles o£ incidence. 

Upper portiono. 8 = 90 deg; lower, 9 = .35 deg. Here N is the number of 

sparks. 

Fig. (Q. (a) Time of flight T !!_ distance R £or two probes. 

(b) Time of flight vs distance R obtained from the data in Fig. 8{:-t }; '· -
Fig. hli, Experimental spatial resolution inside spark-chamber gap No. 3, 

obtained with three probes. The upper portion shows an example of 

16 sparks on a 1-cm Z area. The corners o! the triangles are the spark 
J 

position as "seen" by different pairs o£ probes (pairs 1-2, 1-3, and 2-3); 

the lower portion ahowa the distribution of uexp according to Eqs. (7) 

and (8) for 7 5 sparks. 
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