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• 
THE NUCLEI PRODUCED BY DISRUPTIVE DISCHARGE 

AT A WATER SURFACE* 

. .ABSTRACT 

Extremely small condensation nuclei are produced by electric discharge at a water surface. The 
nuclei are uncharged and consequently can play no part in the drop charging process of WILSON's theory 
of thunderstorms. The failure of previous observers to detect the discharge nuclei is ascribed to the 
low effective expansion ratio of the Aitken counter. 

By measuring the size and the super-saturation required for condensation on discharge nuclei it is 
shown that there is a vapour pressure deficit of between 10% and 15%. Similar measurements indicate 
that in the case of atmospheric condensation nuclei the vapour pressure deficit is about 5%. 

The Wilson ion and cloud expansion ratios are determined by means of the photo-electric nucleus 
counter. The results show that the expansion of the counter is truly adiabatic. 

INTRODUCTION 

The nature of the ionisation produced by a water drop discharging in air has been 
examined by J. J. NouN and J. G. O'KEEFFE (1932, 1933). They found that in filtered 
air only small ions are produced and that with unfiltered air the atmospheric nuclei may 
be charged up so as to have several thousand electronic charges. In a further investigation 
J. J. NoLAN and J. P. RYAN (1934) found no production of nuclei by water point discharge 
even when the water was dissipated as a fine spray. 

The original intention of the present work was to investigate the size and mobility of 
the multiply-charged nuclei produced in unfiltered air by a water point discharge. During 
the research it was found that nuclei were produced in pure air by the discharge. Accord
ingly, the course of the work was altered to an investigation of this apparent discrepancy 
with the findings of NoLAN, O'KEEFFE and RYAN. 

APpARATUS 

The discharging water-drop was mounted on the end of a fine glass tube. The drop 
was arranged centrally in a cylindrical metal vessel of depth 30 cm and of diameter 30 cm. 
The glass tube passed through an insulating plug in the bottom of the vessel and was con
nected to an adjustable water reservoir. The water level was adjusted so that a drop was 
formed on the end of the tube. The insulation was protected from water spray by a thin 
copper shield. The water-point was raised to a high potential by means of a rectifying 
unit. 

The nucleus concentration was measured by a photo-electric counter in the manner 
previously described (NoLAN P. J. and PoLLAX L. W., 1946). The diffusion coefficient 
of the nuclei was obtained by the NoLAN-GUERRINI method (NouN J. J. and GUERRINI 
V. H., 1935 NoLAN J. J., NouN P. J., and GoRMLEY P. G., 1938). The radii. of the 
nuclei were deduced from the diffusion coefficients by means of the Stokes-Cunnmgham
Millikan relation. 

* Substance of a lecture delivered to the Dublin Meteorological and Geophysical Seminar on t6th 
Apri4 1953· 
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The dimensions of the two diffusion boxes used are 
A B 

Length (1) 6o ·g 45 ·8 cm 
Breadth (b) 9 · 2 8 ·g cm 
Depth (2a) o·I05- o·3o8 cm 
No. of channels (c) II 4 
a/ (3'77 bl) 2·48 X I0- 5 I '00 X I0-4 

a/ (3 · 77 blc) 2 · 26 x zo- 6 2 ·50 :x zo- 5 

The large ion concentration was measured by means of a cylindrical ion tube. The current 
to the inner electrode of the ion tube was determined by a balance arrangement, a Lindemann 
electrometer being used as a null instrument. The concentration of uncharged nuclei 
was determined by removing all the charged nuclei by means either of a cylindrical con
denser or of the ion tube with a saturation field. 

PRELIMINARY EXPERIMENTS 

Room air was drawn across the water-point discharge through the large ion tube and 
through the photo-electric nucleus counter. Readings of Z, the total concentration of nucle~ 
of No~ the concentration of uncharged nuclei and of the number of electronic charges captured 
in the large ion tube, were taken. This exJ)eriment is a repetition of the experim~t of 
NOLAN and OtKEEFFE, using the photo-electric counter to measure Z instead of the Aitken 
counter. In agreement with them we found large ions, the lowest mobility being about 
o ·ooo7 cmj sec.j volt/cm. But although we found that the ions were multiply charged the 
charge per ion was much smaller than that found by them. Furthermore, the charge per 
ion varied in a capricious fashion. In an endeavour to clear up this discrepancy we ~ 
pure filtered air across the discharge and found that nuclei were produced. These nuclei 
were virtually all uncharged. No large ions were obtained in the ion tube, and the counter 
sh.owed that Z and No were practically equal. This result is in apparent ~is~eement 
wtth the conclusion of NOLAN and RYAN: "The experimental work described m this paper 
shows that in discharge from rain-drops no condensation nuclei of the ordinary type are 
produced u. The explanation of this disagreement lies in the words which we have~ 
in Italics. The discharge nuclei are not of the same size as ordinary atmospheric nuclei. 

The relation between the rate of production of the discharge nuclei and the voltage 
on th~ wat~r was investigated. On plotting the nucleus concentration against the ."?1tage 
a stratght lme was obtained cutting the voltage axis at 4,ooo-6,ooo volts. The minitnUJD 
voltage depends on the radius of the tube supporting the drop, being low for the ~ 
tubes. By visual observation this minimum voltage was found to correspond to the cnuca 
voltage for rupture of the drop. 

SIZE OF DISCHARGE NuCLEI 

Th diffu · · · · · d b eans of the d. . e ston coeffictent of the discharge nuclei was first mvesugate Y m deter· 
1~us~on b~x A. It was found that the diffusion coefficient was too large for ~ccuratefticielrtt 
~atto~ Wtth this apparatus. For accuracy in the determination of the d~ton coe ,large 
tt 15 desuable that the fraction of nuclei lost in the diffusion box should be netther very 



DISCHARGE AT A WATER SURFACE 

nor very small. The fractional loss can, of course, be varied by varying th air-cur nt 

With the largest convenient air-current only 4% of the nuclei emerged from bo A. Th 

approximate value thus measured was about roo times the average diffusion coeffi ient of 
atmospheric condensation nuclei, indicating that the radius of the discharge nucl · of th 

order one-tenth that of the atmospheric nucleus. 
Before describing the accurate diffusion determinations conducted with box B · gi 

a short account of diffusion measurements with cylindrical tubing. 

TUBE OF CIRCULAR SECTION 

We made a number of measurements of D , the diffusion coefficient, by determinin 

the loss of nuclei in air flowing through tubing of circular cross-section. This method had 

been used by J. J. NoLAN and V. H. GUERRJNI (1935) and had been abandoned for vario 

reasons which do not apply to our experiments. The ToWNSEND (r8gg) formula is n 

applicable to small losses ; it is troublesome to obtain reaso ble loss ith atmospheric 

nuclei and the loss by fall under gravity may introduce a complication. Ao impro eel 
diffusion formula has been obtained by P. G. GoRMLEY and M. K£mm>y (1949) an they 

also deduced a formula for small loss. Since the discharge nuclei are much m.aller du.n 

atmospheric nuclei, a large diffusion loss can be obtained ithout unduly J ng tu 

unduly slow air-currents. The loss by fall under gravity of mall nucl i · · · 
We found it advisable to use a differential method with o br 

370 and 8 · 5 cm, diameter I cm. To evaluate the r u1 , e applied the n 
small loss formulae of GoRMLEY and ICENNEDY. We obtain d 22 I 
discharge nuclei varying between 3·8xxo-a cm'/ . and 7·2 I0- 1

, th 

5 · 35 x zo- 3• The air-currents varied between I ·o and S · ~ li per minut . 
experiments were made with three different discharge voltag ( 7, 10 .v.) in mct~1mu 

to ascertain if the size of the nuclei depended on the volu e. Th r 1 
dependence; they suggested, however, that D for the medium vo 
than for the high and low voltages. 

During the tube diffusion experiments we ob incd evid ce of ,turbuJ 
air-currents. With an air-current of 10 ·o litre/ min. the compured D 
and with an air-current of 14 ·2 litre/ min. the value 21 Io-:a. vn 
the lower air-currents {5 '35 x ro-3) showed no dep dence n air-~ .... • .a• 

out sufficient experiments to determin the critical a· t ; • .2ft1~nd 

7·5 litre/ min. or 125 cm1/ ec. J. J. Do u G (rgu) deter · th 
tubing of circular er • ection. From h' r ult the i · 
in diameter is 28o cm'/ ec. We consider t the Jne;lSUtre 
in view of the fact that our tubing w n t d i d to me:lSwi"C 
example, to facilitate connection to the counter, ~rr:2nc,l!d 

A further point of interest is that th s tu 

a anomalo result. The critical air-current~ 
fr m t • result is 230 cm'/ c. 

01 10 8 
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at the entrance Zo should lie between say o · 7 and o · 2. With box A and an air-current 
of I litre/ min. the values of D corresponding to these values of Z! Zo are I2 and 6o x 10-e • 
for an air-current of IO litre/ min. the values are I20 and 6oo X Io- 6• We constructed th; 
new box B so as to have a 44 constant" (a/ 3 · 77 blc) I I times that of box A so that the limiting 
values of D with convenient air-currents are I30 and 66oo X Io- 6• It may be noted that 
it is much easier to increase the box constant than to reduce it. The increase in the constant 
was obtained by increasing the depth and by reducing the number of channels. 

It is convenient to record here the results of a comparison between the two diffusion 
boxes. By a process to be described later, nuclei of a suitable diffusion coefficient were 
obtained and the diffusion coefficient measured by the two boxes. The air-current is 
denoted Q. 

Box Q Z! Zo D x io 6 

litre/ min. 
B 3'0 0 ' 745 200 
B 2'0 o ·6I2 332 
A 6 ·6 0 ' 200 3II 
A 6·6 0·288 286 
B 2'0 o ·617 326 
B 3'0 0 ' 7I3 3II 

In view of the large ratio between the constants of the two boxes, we consider the agree· 
ment quite satisfactory. 

Experiments with the new box showed agreement with the diffusion coefficient of the 
discharge nuclei obtained by the cylindrical tube method. The radius corresponding. to 
the diffusion coefficient is I· 5 x Io- 7 cm whereas the radius of the atmospheric condensaUOD 
nucleus is of the order 3 X Io- 6 cm. It was considered that the failure of previous workers 
to detect the discharge nuclei was due to the small size and the consequent inability of the 
Aitken counter to produce condensation on them. We then proceeded to find the volumt 
expansion necessary to cause condensation on the discharge nuclei and to measure at the 
same time the diffusion coefficient. In order to obtain nuclei of various sizes we used the 
process of storing in a gasometer. By this method we were able to deal with nuclei from the 
smallest size, I· 5 x ro-7 cm, direct from the discharge, up to a radius of I5 ?< I0-7 cm. 

REunoN BETWEEN EXPANSION NECESSARY FOR CONDENSATION AND NucLEAR SIZE . . 

~ stream of pure air was forced by means of a rotary pump and a large filter ~= 
~he discharge vessel until no evidence of nuclei remained. The st1'eam was then dir tied 
mto a large gasometer until it was about one quarter full. The gasometer was next ernp of 
The procedure was repeated a few times so that no nuclei remained in the dead spaces 
the gasometer. The high voltage was then applied to the water-point and the putrlP f~ 
kept ?~ing ~til the gasometer was full. In this way we obtained a large v~Iume 0 

: 

contammg diS~arge nuclei with no admixture of room nuclei. The rate of d1S3P~e 
of store~ nucle1 has been found to follow the relation dZjdt=-yZL-lZ wh~re Y d 
coagulation coefficient and A. relates to diffusion and sedimentation. The. l~eat CC: 
rate dep~nds on the dimensions of the vessel. Since the size of t~e nuclei_ mer~~ 
coagulauon proceeds, the storing technique can be adjusted to obtam nuclet of dei 
sizes. H small nuclei are required, the gasometer is partially filled with discharge nu 
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and the filling is completed with pure air. This reduces the concentration and a con-
sequence coagulation and growth are slowed up. When large nuclei are required, the g 
meter is completely filled with discharge nuclei and coagulation is allowed to proc for 
a 'considerable time. Then a large fraction of the contents of the gasometer is rem 
and replaced with pure air. The object of the last procedure is to reduce the rate of change 
of concentration and of size during the subsequent examination of the enclosed nuclei. 

The sequence of observations was as follows : Measurements of Z and z. ere first 
made for the evaluation of the diffusion coefficient. Then measurements of the critical 
overpressure for condensation were made. Finally observations of Z and Z, ere again 
taken. As only one counter was used and as about 2 minutes elapsed between the measure
ments of Z and of Zo interpolation was applied when necessary to allow for the concentrati n 
change during the interval between the measurements. The change in the diffusion eo-

.. • 10 • • • 
Overpreuure an Ha. 

FifU1W I 
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efficient which occurred during the overpressure determinations was normally small. The 
mean value of the radii corresponding to the two diffusion coefficients was associated with 
the overpressure determination. 

CRITICAL 0VERPRESSURE 

The method of determining the critical overpressure is illustrated in Figs. I and 11. 
The results in Fig. I were obtained during the preliminary work with discharge nuclei drawn 
directly from the discharge vessel ; the diffusion coefficient was not measured at the same 
time. In graph E the extinction percentage is plotted against the overpressure expressed 
in cm Hg. The largest overpressure, 16 cm Hg, is that used in the ordinary working of the 
counter. We see that the extinction decreases as the overpressure decreases owing to the 
decrease in the mass of water liberated and the consequent decrease in the size of the droplets. 

0 

0 2 3 

0 

5 

VOLUME EXPANSION PERCENTAGE · 

Figure 111 

7 8 
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With an overpress.ure of 6 cm no condensation occurs, whilst a slight fog occur with an overpressure of 7. cm. The problem is to determine the critical overpressure. One m thod of procedure would be to take a series of readings at overpressures close to the critical alu determined approximately in a preliminary survey. We rejected this procedure for anum r of reasons. The extinctions would be small and difficult to measure accurately. The critical point determined in this manner might refer to large nuclei pr ent in a small percentage. In exploring the relation between size and overpressure we cannot afford tim for an elaborate determination of this kind ; the shorter the time the smaller the change in concentration and in size. 

By producing Curve E in the manner shown a critical overpressure of 6 · 8 cm is obtained. Curves E 2 and Ze represent the same observations treated in different ways. In Curv ES the square of the extinction is plotted against the overpressure. A straight line is obtained, the intersection of which gives a critical overpressure of 7 · 2 cm. In curve z. the Z valu corresponding to the extinctions in our calibration table are plotted against the overpressure. These Ze values may be called equivalent concentrations ; the optical density of the cloud at any overpressure is the same as that given by a concentration Z, in the nor11W use of the counter with an overpressure of 16 cm Hg. The number of droplets per cm' remains constant and the size decreases with decreasing overpressure. We found this par~e er of the extinction useful as it gave in many cases a straight line curve for observa 'ons near the 
critical overpressure. 

In the experiment illustrated in Fig. II the approximate value of the critical o erpr 
was known from experience so that only four observations near the critical poin ere 
The curves correspond to the curves in Fig. I; E, E' and Z ar plotted a a· th 
pressure. There is good agreement between the three methods of d · · 
overpressure. In practice only the 8 2 and Z, methods were applied as they 
clearly defined intersection than the E method. The agreement een em 
good ; we rejected experiments in which the disagreement was large. We emn 
claim any high degree of accuracy for the overpressure determinatio • 

RADros AND ExPANSION RAno 

The results of the series of simultaneous measuremen of e dltt\lwc'n ooettaaettt 
of the critical overpressure are shown in Fig. Ill. The radii dcdu 
coefficients are plotted as ordinates and the volume exp d u.ccd 
pr es as abscissae. The volume expansion is obt.tined 
(vtfvJ)•· . The validity of using I ·4 for the exp i n in 
examined later. The volume expansion is plotted in th 
example, an overpressure of 4 cm Hg is equivalent to a vol 

I 
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equations (I), (5) ~~. (3). The fall in tem~era~ure in an adiabatic expansion is given by
equation (I); an tmttal temperature of I6 C ts assumed : 

()1 = (V2)y-I (1) 
o, ~ 1 

The supersaturation S is deduced from equation 

S = Pt (vt)Y (a) 
P• \v, 

where p 1 and p 2 are the saturation pressures at t mperatures 01 and 02• 

The radius is obtained from 
2T M 

logS = - · -
e r R02 

where T is the surface tension, M the molecular weight of water and 
In obtaining Curve B the supersaturation was calculated from 

S = .1!.!__ (vt)Y. 
o·9p2 v 

For Curve C equation (5) was used 

S P1 (v1)Y 
= o·85Pe Ve . 

R the gas constant. 

The results exhibited in Fig. Ill show clearly that the volume expansion required fot 
condensation on the discharge nuclei is smaller than that required for spherical droplC 
of pure water. Most of the observations lie between or close to Curves B and 
indicating that the vapour pressure deficit is between xo% and I5%· In interpreting ths 
results the following consideration should not be overlooked. The nuclei are probablt 
heterogeneous and the diffusion coefficient gives approximately the aver~ge radius. __ :-~ 
overpressure experiment gives the volume expansion for the larger nuclet. As p~evwu.111 
recofded we endeavoured to avoid obtaining the critical overpressure for large nuelet:: 
as a small fraction. It is possible, however, that our measured overpressu_res ~ere 
than those corresponding to the average size. Bearing this consideration m nund we tDZf 
conclude that the vapour pressure deficit is at least xo%. radii 

Three points in Fig. Ill refer to nuclei taken directly from the discharge. The 
are I· 36' I· 73, I· 87 X Io-7 cm and the volume expansion ratios are 9 · 9, 8 · 3' T7· 

ATMOSPHERIC NucLEI 

The results of experiments with atmospheric nuclei are shown in Fig. IV:· ~ 
meter was filled with outside air and measurements were made of the diffuston c djffusion 
and of the critical overpressure in the same way as with the discharge nuclei: ~~ethe small· 
box A and a ':'~ter manometer were used in most of these experiments. Owmg W acluded 
ness of the crtttcal ov~ressure there is difficulty in measuring it accurately· e 
a few experimen~s on account of .uncertainty in the values of the overpre~e~~en noted 

These expenments were carried out in the month of May. It has alrea y J ooiJERTY 
that the nuclear size is smaller in summer than in winter. P. J. NoLAN and D. · een 2·0 
(Ig5o) found that in winter the radius of the atmospheric nuclei was usuallY b~0~6 CIIIo 
and 4·ox 10- 6 cm (excluding fog) and that in summer the range was I" 0 to 3·oXI 

It may be noted that our May nuclei are in the latter range. 
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The theoretical curves for various " hygro copic factors .. are ho 
evidence that the atmospheric nuclei are compo ed qf solution h ving 
about 5% less than that of pure water. 

PREVIOUS F AlLURE TO DETECT DISCHARGE UCLEI 

11 

It is now convenient to discuss the failure of previous obs rver to d t e nuclei. In the Aitken counter used by NoLAN and O'KEEPFE the lum on ratio is approximately 1 ·4. In the original Aitken pocket counter the exact value of this ratio can be calculated from the fact that the I/ 5 dilution mark is also rhe mark for the ion. 
+04-------~~----~------r-------~--~~._------L-----~------- ·---------~ 
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Thus 
V =volume of receiver 
v=volume of pump down to I/5 dilution mark 

f hi h 
V +v 

rom w c we get -- -
V 

V+v V+v 
--X - -=5 

V V 

I ·382, 

On account of the small volume of the Aitken counter and of the resistance of the narrow 
tube connecting the chamber and the expansion pump the fall in temperature is very much 
smaller than that deduced from the adiabatic relation for vtfv 1=I ·38. This has indeed 
always been known; small ions requiring a volume expansion of 25% are never brought 
down. It is apparent from previous work that discharge nuclei requiring an expansion of 
about w% are not observed in the Aitken counter. We note that the smallest atmospheric 
nuclei require only o · 5%. 

In previous work tests were not made with the storing procedure we used. It is possible 
that the Aitken counter might detect discharge nuclei which had been allowed to coagulate 
and grow. 

EFFECTIVE VoLUME ExPANSION RAno OF THE PsoTo-Eucnuc Nuct.ms CoUNTER 

We now describe experiments designed to test whether the expansion in. the pho o
electric counter is truly adiabatic. The values of the volume expansion requir d for eo • 
densation on small ions and for the appearance of a general cloud have been determined 
by C. T. R. Wu.soN (z8gg). The corresponding overpressures in the counter ere deter· 
mined. The counter was filled with nucleus free air and after each expansion the counter 
was swept out with filtered air. Various concentrations of small ions ere produced by 
placing a radium tube at different distances from the counter. Samples of the r I e 
given in Fig. V in which the extinction is plotted against the overpressure. The curv 
are arranged in order of ionic concentration. Curve 4 refers to maximum ion' ion 'th 
the radium close to the counter ; Curve e is for minimum ionisation 'th the radium rem v . 
In all cases there is no condensation until an overp ure of 26 or 27 cm H · • 
This represents the critical point for negative small ions. With sutunl i · t ' n, Curve -t, 
there are three critical points 27, 33, 40 cm. At about 33 cm c d i · · 
ions begins and the extinction suddenly increas • Similarly th iru::f n r '' 
tion ., at 38 cm rapidly increases at 40 cm owing to the fon:natioo o£ tbc 

Comparison of the curves of Fig. V shows that .iru:te.asing io · r' . c ao mera:se 
in the critical expansion ratio for positive ions and for cloud. 111 :additi011 th d,efirlltJCNl 
especially of the cloud point is impaired. The cloud poi.o in Curv c d _d 
defined ; they are drawn as shown because of the evidence of Curve • Th ............... . 
expansion ratio for positive ions is caused by the com~t·on of u.mtt 
for the ter released by the expansion. In the m y th cloud poi 

tl 
the io · tion is large by the competition of the . iriv, 'o lotli~lliOO 

. · · ~~~ Curve 4, all the ter rd · ea d by 
It may be noted that the ,. satutati in · 

,~~ the i · ti deer • 'r 
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The critical values required must then be taken from the experiment with minimum 

ionisation. The volume expansions deduced from equation PlfP2= (vtfv.JH for the 

overpressures 27,33, 40 cm are I ·24, I· 29 and I '35· They are slightly smaller than WILSON's 

figures I ·25, I· 3I, I '375· The values obtained by C. F. POWELL (I928) for negative small 

ions and cloud are I· 245, I· 370 (initial temperature I8° C). 
WILSON found that all the negative ions are caught when the expansion is equal to x·28 

but that it is not until the expansion reaches I · 35 that all the positive ions are caught. While 

it is difficult to fix a u saturation " overpressure in our experiments reference to Curve e 

shows that there is approximate agreement with WILSON's figures; I· 28 is equivalent to 

3I · 4 cm overpressure arid I· 35 to 39 · 7 cm. 
The good agreement of the three critical expansion ratios indicates that the expansion 

of the counter is truly adiabatic and justifies the use of y = I · 4 in the previous calculations. 

It is possible that the photo-electric method of detecting the onset of condensation 

is better than the visual method and that this superiority may account for our values of the 

critical expansions being slightly smaller than WILSON's and PoWELL's. Wu.soN and 

PoWELL used artificial ionisation so that the ionic concentration was larger than in our experi

ment with natural ionisation. This might cause slight increases in · the expansions for 

positive ions and for cloud. Another possibility is that the expansion in the photo-electric 

counter is not sufficiently damped to prevent oscillation. If the pressure in the counter 

falls below atmospheric the expansion is larger than that calculated from P 2 =76 cm. The 

slight discrepancy with previous results may be caused by the operation of both factors; 

they are not exclusive. 

WATER-ALCOHOL MIXTURES 

With water-alcohol mixtures the expansion ratios are smaller than with water, the 

positive, negative and cloud ratios are close together and the positive ratio is smaller than the 

negative. FLOOD (I934) has shown that with ethyl alcohol the expansion ratios d~ 
on the composition of the mixture and are minima for about 6o% alcohol. Near the tnlnUDa 

the ion and cloud limits vary very slowly with the percentage mixture. . 

. . In order to test the expansion of the counter at a different range, the blowng ~ 

linmg ?te count~r was saturated with a mixture of ethyl alcohol and water and a ~:a 
expanston experrments were carried out. In the normal use of the counter the CW: the 

produces the o~erpressur.e is purified by means of a filter of large volume. ~mg 'eh 

course of a senes of observations the pressure in the filter is high. The cooling ~ 
occurred when the overpressure air was admitted to the counter was sufficient to cause slight 

condensation when the water-alcohol mixture was present ; on opening the overpressure 

tap .a small deflection of the galvanometer occurred. This difficulty was overcome by pro

ducm~ the overpressure in the counter very slowly. . tainecf 
Smce the filtered air with which the counter was filled for each expansto~ con being 

water-vapour, a long wide tube lined with blotting paper moistened with the nuxtUl'e __...., 
t st d · ' ·d d necg,;JOIOI 
e e , was mserted between the filter and the counter. It was not co~t ere smaller• 

to t:eat the filtered overpressure air in the same way as the relative volume 1S so mu.ch ed • 
This procedure did not obviate uncertainty about the exact water-alcohol proportton t: ~ 
the water vapour content of air which has passed through a cottonwool filter depen eriaJ 
t~e previous history of the filter. This uncertainty did not make, however' ~y :~ 
dtfficulty in our comparison with FLooD's results on account of the flat minimum m e 
of expans · · al ton agamst cohol percentage. 
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'· 
70 

bO 

lO 

10 

14 ., • ~ 

Overpres.sure cm Ha. 
Figure VI 

Samples of the results are given in Fig. VI. The main portion of the curv ho 

general fog and has no discontinuities. There is a small extension at the foo on 

representing condensation on ions. There is no separation of positive and neg.ative · 

I5 

Experiments were carried out with radium at various distanc • o chan e i the critical 

expansions attributable to variation in ionisation was noticed. From a number o 

ments we obtained the following results : 

Ion 
Cloud 

Mean 
IO·S 
u·S 

Percent Expansion 
Maximum Minimum 

12'1 8·4 
14'7 10·2 

On account of the uncertainty about the mixtute t ted the 
minimum v.alues. The comparison with FLOOD's figur 
tlut the counter expansion is adiabatic. 

ULTRA-SJW.I. 
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tion. In the course of the subsequent measurements it was found that instead 
of the usual decay the nucleus concentration increased for a short period. A similar initial 
increase has been observed by P. J. NoLAN and E. L. KENNAN (I949) with very small nuclei 
derived from hot platinum. They attributed the increase to the presence of small nuclei 
on which condensation does not occur in the counter. As coagulation proceeds in the 
gasometer the larger nuclei formed come into the range of the counter and the resulting 
increase more than counterbalances the decay of the larger observable nuclei. Undoubtedly 
our result can be explained in the same manner. T he critical size for an overpressure of 
I6 cm Hg and a hygroscopic factor of 10% is I · 22 x Io- 7 cm. It seems probable that while 
the average radius of the observable discharge nuclei is about I· 6 X ro- 7 there are present in 
large concentration nuclei of much smaller size. T his view is confirmed by an examination 
of certain exploratory experiments on the absence of charged discharge nuclei. 

The presence of the large field in the discharge vessel does not prevent the observation 
of small ions in air drawn through the vessel ; with room air multiply-charged large ions 
can be observed. Hence it is unlikely that the absence of charged nuclei in pure air is due 
to their removal by the field. Nevertheless the following procedure was tried as a test of 
this point. An observation of the concentration of the discharge nuclei was made in the 
normal way. Then the air-current having been re-established the voltage was removed 
from the water point and a stop-watch started. When a proper filling of the counter had 
been obtained, the taps of the counter were closed cutting off the air-current. When the 
counter reading, which gave an increased concentration, had been made the air-current was 
again started so as to obtain another concentration measurement. A series of readings was 
made until the concentration had fallen to a low value. The whole series was then repeated 
with a charged condenser inserted between the vessel and the counter. 

The following are the values of Z and N
0 

in two such series. 

Air Current IO litres/ min. 

Time Z x i0- 3 N X I0- 3 
0 

sec. 
o* 37 38 

30 94 92 
75 94 107 

120 6o 62 
165 42 36 
2IO 24 24 
255 13'4 13'3 
300 6·8 6·5 
345 2·8 2'9 
390 1'5 1'5 
435 o·6 o·6 

*D' trect from Discharge 

B f. eh b · 1i is sufficiellt .e o_re ea o servatton the air-current flows for 30 sec. • a volume of 5 tres 'eh .... 
to g v 1 · th ' d · g whi ~ 

~ e a samp e m e counter. The air-current is stopped for 15 sec. urm d N. ill 
readmg of the counter is obtained. It is obvious from the virtual equality of Z an ' 
the two experiments that the increase is not evidence of the discharging effect. 



DISCHARGE AT A WATER SURFACE 

This apparent creation of uncharged nuclei lasting for several minut after the removal of the field may be explained in the manner suggested. The nuclei observed result from the coagulation of ultra-small nuclei present in large concentration in the discharge v d. This hypothesis of the coagulation of unobservable nuclei cannot, however; explain all the 1 ; it cannot account for the fact that the 30 sec. number 94,000 is larger than the direct number 
37,000. The only difference between the conditions in the two observations is the absenc of the field in the 30 sec. experiment ; the air-current is the same and is uninterrupted in both cases. We could of course postulate that coagulation is accelerated by th field. A more probable explanation is the following. It is well known that there is a force in an uncharged body in a non-uniform field. We may then postulate that the production of observable nuclei is larger than measured in the outfiowing air and that a large fraction are driven to the waterpoint. 

Our figures can be explained by means of these two hypotheses. The non-uniform field presumably acts also on the ultra-small unobservable nuclei. The actUa.l produ 'on of nuclei of all sizes is probably much larger than observed and occurs in a small region near the drop. The concentration in this region may be several millions per an' . 

RooM Am AND DISCHARGE 

J. J. NoLAN and J. G. O'KEEF:n (1932, 1933) found that at a critical value of the depending on the size of the drop on the end of the glass tube, larg produ · n of 
ions begins. The ions remain small ions in pure air but in th pr of d nuclei readily form multiply-charged large ions by attachment. Th 
nuclei in the inflowing air (3o,ooo-6o,ooo) is reduced to about 1,000 o 
100 are uncharged. In our experiments the production of small nuclei a VO.JlWte of the same order of magnitude as that of the critical voltage for m.all i n prod · • room air is passed over the discharge the nucleus count includes both ordinary Jl and the discharge nuclei. It might be thought that with a mixture of nucl i of such difti sius in the counter condensation would occur only on the larger nuclei. A ~ g:J.KTI.DKU~ with mixtures of known concentrations of room and discharge nuclei chl't'IIN'rt 
typeS ere counted when the counter was used in the normal mann · tb an of 16 an Hg. 

When room ir and 6Jtered air ere passed ov r a , . s kilo- lt d .. ·, m::~~ ........ raults obtained : 

m Air 
Roo Air-Discharge 
Fil ed Air-Discharge 

Zx to-• 
32·8 
16 ·s 
tS ·? 

ell as can be expected 
"der that they coun: ed only e 



I8 THE NUCLEI PRODUCED BY DISRUI-TIVE 

following experiment. At the beginning the room air values were z = 53,000; No== 

30,000. 
K.V. 3'4 3'8 4'0 4'5 4'8 5'0 6·o 8·o Io·o 

Zxi0-3 45 44 34 47 I7 I2 I7 II '3 32 
No XI0-3 22 3I 22 34 0'5 0'2 I ·8 I0'5 3I 

It should be noted that the room air concentration may not be very steady and that 

the rate of production of discharge nuclei is sometimes slightly erratic. In examining the 

results attention should be given only to large variations. As the potential of the point 

is increased up to 4 · 5 k.v. there is no marked change ; there is evidence of a reduction in 

the concentration of charged nuclei caused by the field in the vessel. At 4 · 8 k.v. small 

ion production accompanied by multiple-charging begins and N 0 decreases to a very low 

value. With increasing fields the decrease in Z and N 0 would presumably proceed to the 

NoLAN-O'KEEFFE figures of Z=I,ooo, N 0 =Ioo were it not that at about 6·o k.v. the pro

duction of discharge nuclei sets in. At 8·o k.v. we have the condition represented in the 

previous sample. (Lack of agreement in concentrations is probably due to difference in 

radius of tube supporting drop). At IO k.v. the discharge nucleus production is large and 

a small concentration of multiply-charged large ions is also probably present. 

It is interesting to note that the evidence of this experiment is that the critical voltage 

for small ion production is smaller than the critical voltage for nucleus production. 

CHARGE-DISTRIBUTION 

An investigation was carried out on the charge-distribution of discharge nuclei which 

had been allowed to grow in the gasometer. Values of Z/ N 0 
between I · I and I· 3 were 

obtained for radii in the range o · 5 to I · 5 x Io-6 cm. The results were in fair agreement 

with the relationship between ZJN
0 

and the radius found by P. J. NoLAN and E. L. ~AB 

(I949) for nuclei from hot platinum. The virtual absence of charged discharge nuclet. of 

radii I· 5 X I0-7 cm is also in agreement since in their curve the value of Z!No corresponding 

to this size is between I ·oi and I ·o2. . 

Owing to lack of equilibrium in charge-distribution the value of Z!No for atmosphenc 

air in Dublin is less than that corresponding to the radius on the NoLAN-KENNAN curye• 
In room air there is usually equilibrium and the average value of Z/ No is I · 8 correspon: 

to the radius 3 X I0-6 .cm (P. J. NoLAN and D. J. DoHERTY I950). When roomN.n 

are passed over the diScharge they acquire multiple charges and the value of Z/ 0 goes 
up to about. ~o.. It is worthy of note that we obtained no evidence of. any depar:: 

from the equil1bnum charge-distribution on the part of the discharge nuclel ~though 
were exposed to the same intense small ion concentration as the room nuclel. · · 

One of us (P. S. MAcC.) is indebted to the Department of Education f~r a r~ 
grant held during the year I951_52• 
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