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PHYSICS 

Simultaneous Application of Townsend 
and Streamer Theory 

RECENTLY oonduotivity ourrent measurements up 
to the sparking potential have been oarried out in 
hydrooarbon gases whioh can be interpreted if it is 
assumed that Townsend and streamer prooesses aot 
simultaneously. 

A sample measurement for isopentane is shown in 
Fig. 1. At E/p = 300 V. om.-l/mm. meroury, p = 3 
mm. meroury, the d.o. ionization ourrent was meas
lIred, by suooessive reduotion of i o, over more than 
eight decades of amplifioation, without any sign of a 
deviation from the normal ex.slope, up to the sparking 
voltage of 990 V. which ocourred at d = 1·1 om. The 
last slope was obtained with 10 eleotrons leaving the 
oathode per seoond and this type of measurement has 
often been repeated and oonfirmed. 
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.Fig. 1. lonlzation current, i, as a f!lnc,tion of gap d~stance, d, show
ing large multiplication possible lU .. opentane without apparent 
deviation from a normal a slope. Spark occurred at 990 V., 
<l = 1'1 cm.; E/p = 300 V. cm.-' mm. Hg-', p = 3 mm. ~g, 
a = 17'9 cm.-'. -0-0, Experimental.curve; --- estim
ated a curve, Richter (ref. 1); -.-.-., estimated a curyc, Heylen ; 

X - X - X , calculated values according to equatlOn (3) 

By monitoring the pulse shape or the ionio com
ponent of individual avalanohes, It has been ob
served' that the number of oharge oarriers (n) 
increases leas than exp(exx) if n surpasses N = 10·. 
The spaoe charge field o~ the posit.ive. io~s is held 
responsible for the reduc~IOn of the IOnIZatIOn of ~he 
advancing eleotrons and IS comparable to the apphed 
field; we are thus entering the streamer regime. It 
was found (for ether, a gas exhibiting an extremely 
low y ooeffioient) that for n';?N, Townsend's ex 
coeffioient oould be expressed as : 

IX(n) = ex (1 - Bin n/N) (1) 

in whioh B = 0·065. From this, the charge multi
plioation factor was evaluated as : 

x - XN = 

1 { 1 _ B~ In(1 - B In n/N) - I} (2) 
~ I-BInn/N 

in whichN = exp(cxxN)' The reduction from the normal 
ex slope, aooording to equation (2), is shown in Fig. 1 
(dashed line), and does not agree with the observed 
data. The discrepanoy oan be cleared up if it is 

assumed that Townsend's seoondary meohanism is 
operating simultaneously with the streamer inducing 
space oharge reduction of Townsend's primary 
process. This can be taken into account bv usinO' the 
generalized Townsend equation : ." 

x 

exp( f exdcr ) 
'ix = io -----"--,. 

l-y (exp( f exdx) - 1) . 
in which exp( 1 exxd) can be found from Fig. 1 (dashed . -

line). An estimate of y can be obtained by making 
equation (3) fit the experimental curve. Thus, for 
y = 4·3 X 10-8 , a normal ex slope would be recorded 
up to d = 0·9; for longer gaps, an upcurving would 
ocour and the Townsend oriterion for breakdown 
would be reached at d = 0 '98, which is not in agree
ment with experiment. 

From previous work" it has been surmized that 
for normal hydrooarbons, little space oharge dis
tortion ocours until n >- N = 10', and from Richter's 
datal an equally good fit to ex(n) oan be obtained for 
B = 0 ·2. Substitution of this value into equation (2) 
yields the ourve as shown in Fig. 1 (dot·dashed.line). 
Combining this with equation (3) yields 'Y = 10-8 ; 

the oaloulated values are shown (x). It is observed 
that no apparent deviation from a normal cx slope 
occurs to within 5 per cent of the sparking distance, 
at which a faster than usual Townsend upcurving 
takes place. 
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The Nitrous Oxide Dosimeter 
NITROUS oxide has been proposedl as a suitable 

material for the dosimetry of ionizing radiations over 
wide temperature- and pressure-ranges and with a 
wide variety of types of radiation. The basis for the 
yields quoted in ref. 1 was the measurement of 
radiation flux using ionization chambers or ferrous 
sulphate solutions. We have investigated the radio
lysis of nitrous oxide and have compared the results 
of absolute measurements based on tritium as an 
internal source with measurements based on ferrous 
or eerie sulphate dosimetry, using cobalt-60 y-ray!; 
or 4-MeV. X-rays as external sources. 

It has been found that good agreement between 
the two methods is obtained provided the irradiations 
are done in vessels with internal diameters greater 
than about 15-20 mm. As the internal diameter 
deoreases, the yields of all products, based on ferrous 
dosimetry, increase in a manner reminiscent of the 
increase in G(Fe3+) from the ferrous suJphate dosi
meter in vessels of a few millimetres diameter2

,'. 
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