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ABSTRACT 

A new type of Gridded spark counter is described. The 

normal Chan;;-Rosenbl'Lun type ccmnt:e1.· is prc..,-:i.oed with a grid 

'\;ei.iv:c0n t~oE. source o.nd the ano<le. 

Investigati.ons were made on the counting charac·t;er1.stir:f'l 

in relation to their ie~ on grid voltage, as well as, 

grid-to--c,tb.ode and anode-to-cathode spacing. Also the 

countin['; :>:"ate was exmilined when the alpha-source was moved 

per:pend5_c,lla.r to the cathode. 

The satisfactory profile of the counting plateaux and 

the st,cng: de:pe!'ld.6lnee of their levels on the adabted grid 

voltage is ovident. 

of ths stea<iy ccn·ui.:" 0\lJ_:c·.~·lt sv• ,. ''w .ti.on &nd hence the sen-

poin:t:o of the rletecti.c ,; T·_,Ju.:." : .• , r; be-" :•.chieved. 

A mathemc.tical treatomcnt o:f tlJ.e working characteristics 

is given, and the different related mechanism of the detector 

is explained. 
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.Also 1 this system was used to det;ermine the extrapolated 

number - distance range for Po210 alpha-p~rticles in air, and 

the reFmlt is 0ompAr<1ble to a t>.;oc,_1 n>>alJ,m~, ionization chamber. 
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The detectors for nuclear radiations which were available 

to e~ly investigato~s in the field of radioactivity were 

affected by the level of technology of the period. As new 
• 

techni~ues and instrumentations have become available, a series 

of radiation detectors has been developed using different fun­

damencaJ. methods, of which the theory and technology supyly 

the foundation to allow of a unified presentation. 

The principle on which is based the detection of particles 

in nuclear experiments is the fact that a charged particle 

passing through matter leaves along its path a string of ion­

ized or excited atoms or molecules which can be detected and 

counted. Neutral particles produce directly neither ionizat­

ion nor excitation, but neutrons and gamma-rays in passing 

thTGugh matter occasionally e;ive rise to a charged secondary 

9article with considerable energy. In the case of neutrons 

these energetic secondaries are recoil nuclei produced by 

collisions or disintegration products emitted when a neutron 

is captured. Gamma-rays produce secondary electrons by photo­

electric and compton effeots or by pair production and heavy 

charged :particles as, for instance, protons by nuclear photo­

electric effect. By recording ionization or excitation o~· t':e:;e 



.,.,,,. ,;::ci·ocl":er;sful, sLnce its J.o.t;eca.ct:con with matter is ex-­

Cl.'emely small. 

The ionization caused by the passage of a charged parH cl." 

through <>- suitable material is measured by the detectors. If 

an electric field is maintained across the material, the ions 

will be set in motion and the ionization current can be detected. 

Ionization chambers and crystal counters work on this principle. 

The ionization current which can be obtained by the passage of 

a sin~le particle through matter is usually quite small, and it 

has to be amplified considerably by suitable electronic arrange­

;;leilt:s oe:(u>c the cuJ.orent can be measured. Another method of 

obtaining this amplification is used in proportional cour:tars, 

Gei:;er·-i.!uller counters and spark counters. In the Geiger Muller 

coLmtc·:' the ionizing particle causes an increase of the already 

existinr:: (do.rk) current; and thereby initiates a corona discharge. 

Th0 particle in the spark counter initiates a spark. In these 

iastruments the primary ionization products are so highly 

accelerated by an external electric field that they produce 

secondary ionization by collision with other atoms of the 

gaseous volume of the counter. In the Geiger Muller counter 
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a considerable conti·ibution to the ionization arises from 

photoelectrons ejected by photons which accompany the process 

of collision or recombination. Since the total number of ion 

pairs produced in an ionization chamber is proportional to the 

energy loss of the particle within the chamber, the time inte5ral 

of the current pulse or total charge collected on one of the 

electrode is a measure of this energy loss. This is also true 

of a proportional counter. In a Geiger-Milller counter, the 

time integral of the current pulse is almost entirely independent 

of the amount of primary ionization and no information on the 

energy loss of the primary particle can be obtained from the 

pulse size. 

The most recently developed detector, the scintillation 

counter makes use of the fluorescence radiation emitted v1hen a 

charged particle passes through certain rn.aterials. Tho obsGl'­

vation of the fluorescence was done visually or recorded by 

photocells. 

In the cloud chamber the presence of ions is recorded by 

direct observation. Condensation of a suitable vapour takes 

place preferentially on an electric charge, and this results in 

~he formation of a visible drop of liguid around each ion present 

durin_; the period o:i: condensation. 
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Part three des~ribes th& gridded ~ingle wire spark counter. 

The working; characteristics is represented and its mechanism is 

st;uuied. The; control function of the grid on both the corona 

current and counting characteristics is clearly demonstrated. 

'i'he different prameters of the counter are $tudied in dct;ail. 

Part four deaJ.s with the gridded double-wire anode -~ounter 

characteristics. It has been _proved that gridded system iB).cu ,-es 

.the efficiency, as well as, produces a homogeneous sensitive 

volume throughout the whole volume of the multi-wire counters. 

Part Five gives a short review about the range of alpha­

particles in air and the experimental results determined by the 

author for the extrapolated number - distanc~ range of Po210 

alpha - particles in air. 

il:'c the end, there is an appendix includin:o; an account of 

the statistjcal observational data, dead time determination and 

c·nrrec:;:con of l;he data. 

It has to be noticed that al.l data r-epresented in this 

thesis was corrected for dead time of the detector. 



PART ONE 

1.1. GENERAL SURVEY OF l'BEVIOUS WORK ON SPARK COUNTERS :-

Since the earu experiments ot Greinacher (;5), made nearly 

30 years ago, it has been ~own that a useful device capable 

of counting ionizing particles or quanta could be made by pass­

ing such radiation through the sensitive region of an electrode 

gap. The n<:l.Dle "Spark Counter" was proposed and subsequent 

papers by the same author(3, 4 ) described in general terms the 

properties of various types of electrodes and various geometry 

arrangements. Later •!lore detailed investigations were pubJ ish.~"'. 

by other workers(5-8). In all these counters a dischar~e is 

initiated in air at atmospheric pressure :from a point (or sphe..:c 

of small radius of curvature) electrode on to a metal plate 

(mostly), at a distance of about 1 mm. The point is maintai~~n 

at a positive potential of about ;5000 V vdth respect to the 

plate and the discharJe is limited by a high resistance. This 

type of counter, although sensitive to ~aroma-rays, ultra-violet 

photons as well as to alpha and beta particles, su:Efers from 

the following disadvantage. 

(1) The absence of any forill of plateau, unless very partie'' 

ltir electrode systems were used(7). 
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(2) Operatic~ was extremely sensitive to the surface condit­

ions of the metal electrodes. 

(}) A very high background of accidental sparks. 

(~) Instability , i.e. one ionizing particle may give more 

than one spark. 

Recently Laborie and Blanc(9) succeeded to improve the 

characterist~cs o~ this detector such that it becomes very 

similar to other tY.[les of spark counters. However, their system 

has even certain superiority over other countera inherent in 

its geometry. 

(1) Its self-capacity beins very small, the detector gives a 

faster response. 

(2) Unl~e in the case of wire counters, efficiency is in­

dependent of particle incident direction. 

(3) Its sensitive volume, that of a solid of revolution around 

the ~s of symmetry of the detector amounts to a few 

cubic mm, being very clearly defined, permits realization 

of accurate telescopic devices. 

( '+) Oxi<les during the spark is not of _;;reat sisnifioanoe. 

In 19~5 Chang and Rosenblum(lO) introduced spark counter 

which is sensitive only to heavily ionizing particles such as 
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counter i..s operated in a:i.r and COIUiists o:f an anode which is 

a thin wire of about 0 .l mm diameter stretched parallel to and 

at a distance of a few mill~eters from a flat metal plate. If 

a d,c, voltage of the order of few kilovolts is applied to the 

system so that a faint corona glow is visible around the anode, 

then the passage of the ionizing particle through the sensitive 

volw~e of the counter produces a visible spark w~ch can be 

quenched by a resistance-capacity network. The sensitive volume 

o:t: tl1e counter is confined to the corona region around the anode 

which has a diameter of about 0.5 mm. 

However, Fayne(ll) showed that this system becomes sensitive 

to protons and beta-rays when operated in air at twice atmospheric 

pressure or in carbon dioxide at atmosphic pressure. The counter 

then suffers from the disadvantage of not havinG a long plateau. 

Pidd and MadanskyC12 •13) in 1949 constructed a parallel 

plate spark counter to px·ovide a u.ni:fom sensitive avalanche vol· v • 

for the detection of ionizing radiation. The counter avoids the 

random delay errors inherent iP- counters with oy11ndrioal 

geollietry. The main advantages of this counter over other 

detectors lies in its speed of response, It was possible to 
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improve the time characteristic(l4) of the parallel plate 

spark couc:t~r and a reSQl tin.g ti.m.e could be achieved r: S ~ ::c 

low aa lo-10 sec. 

Conner(l6) ~ 1951 and others(l7,lB) replaced the flat 

utallic cathode by a rod of a few millimeter diameter. The 

~a•· o~ the two types of counter appear to be very 

similar. The wire rod counter does not appear to present any 

a~tages above the wire-plate counter. 

To improve the sensitivity of the spark counter Connor(lG) 

and then Andreeschchev and Isaev(l9) in 1955 replaced the flat 

cathode by a cathode containing a sellli..cylindircal cavity with 

the anode wire stretched along the axis of the cavity. 

Pulsing ttle counter voltage seems to be a possible method 

of improVing the efficiency and counting characteristics. The 

principle of pulsing is based upon the fact that if the voltage 

across a ~k gap is raised somewhat above spark potential, 

no discharge occurs unless electrons are present between the 

electrodes. The technique of pulsing has been used S"'.cn"'"''":Lnl.l:v 
by Henning(20) in 1957 and others(2l-28) to improve the Harking 

];lrope.rtl.es of both parallel - plateC20-25,28) and multi wireC25-27) 
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spark coc\Ilters. In p<:nallel-pL,t,~ :.:em1etries, the spar4 occUl'S 

in the neighbourhood of the :x1rticle track(ZO,Zl,Z9), and with 

noble gas fillings, tri:e,e;e1·ed parallel - plate detectors reco1'<i 

the pasaage of more tnan one simultaneous particle(29-3l). 

The main weakness of the chang and Rosenblum spark counter 

lies in its small sensitve volume. Attempts have been made to 

increase the sensitive volume by increasing the number of wi~;:o::; 

and placing them as close together as possible and applying 

d.c. voltage between the wi.res and the metal plate. These 

att;em:pts have met with partial success only. Chang and 

nosenblum(l.O) found considerable interaction between the wires 

which leads to multiple sparks. El~adi and Aly(3Z) found that 

;:ml";;i-, :'.r·e counters have satisf;:;.ctory ;>roperties only if the 

nili•lbcr of the wires is less than about 6 and the distance bet­

ween the wires is about 5 =· ::onnor(33) showed that tl1e eff-

iciency of a multi-wire counter consistin:_; of 22 wires is aboFt 

22% • Another weakness o:f mul ti-v:ire counters is the non-unifor"' 

counting J:'esponse ol the dif:f:er·ent wires of the counter. 

II; was recently shown by r&ata and Aragald. (34.) 1961 that 

the response becomes uniform if resistors are connected in seripg 

with ea0h wire(34-36 ). Singh and SahaC57) 1961 found a similUl 

improvement when the flat cathode was replaced by a cathode 


