
GEOPHYSICAL BULLETIN 

No. 21 

On the Particle Size Analysis 

of Polydisperse Aerosols using a Diffusion Battery 

and the Exhaustion Method 

by 

A. L. METNIEKS and L. W. POLLAK 

.. "d ' _ .. Uina Bh le Alba Cb Scoi1 na Fisice Cosmaf. Insutlw IUU* S udJ 
School of Cosmic Physics, Dublia lostitutt f(W Ad•a mf 

Apri1196:1 

Price : .,.. 6d. 



ABSTRACT 

INTRODUCTION 

THE DYNAMIC METHOD 

Homogeneous Aerosols 
Heterogeneous Aerosols 

CONTENTS 

RESOLUTION OF HETEROGENEOUS AEROSOLS, EXHAUSTION METHOD 

Procedure 

Numerical Examples 
~~) Heterogeneous aerosol containing three components 

(11) Heterogeneous aerosol containing nine components with Ga.ussian 
distribution of their concentration 

Actual Example 
( i) Equipnent 

(ii) Artificially produced aerosol stored in large gasometer 

RESULTS OF 91 RESOLUTIONS OF POLYDISPERSE AEROSOlS produced and stored in 
large gasometer 

APPENDICES 

I A : Computation of 'observed' (apparent) diffusion coeffici ent as 
a function of air-flow. - Mixture of three aerosols 

I B': Resolution of heterogeneous aerosol usirtg the Exhaust ion 
~thod. - Mixture of three aerosols 

I B": Resolution of heterogeneous aerosol using the Exhaust ion 
Method (Concluded). - Mixture of three aerosols 

II A : Computation of t observed t (apparent) diffusion coefficient as 
a .function of air-flow. - Mixture of nine aerosols with Gaussian distri-
bution of their concentration 

II B' : Resolution of heterogeneous aerosol using the Exhaustion 
Method. - Mixture of nine aerosols with Gaussian distribution of their 
concentration 

II B": Resolution of heterogeneous aerosol using the Exhaustion 
Method (Concluded). _ Mixture of nine aerosols with Gaussian dist ribution 

of their concentration 

III A : Measurements for resolution of heterogeneous aerosol using 
the Exhaustion Method on 21 January 1962, interpolated for 11 h 5.3m· -
Artificially produced aerosol stored in large gasometer. 

(i) 



,I 

I 

III B': Resolution of heterogeneous aerosol using the Exhaustion 
Method. - Artificial.ly produced aerosol stored in large gasometer; 
Measurements on 21 January 1962, interpolated for 11h 53m 

III B": Resolution of heterogeneous aerosol using the Exhaustion 
Method (Concluded). - ArtUicial.ly produced aerosol stored in large 
gasometer; Measurements on 21 January 1962, interpolated for 11 h 5.3m 

FIGURES 

1 : Heterogeneous aerosol conta:Sning nine components v.t.th Gauasian 
distribution of their concentration 

2&: Point clouda of first c0111p0nents of young and old aerosols 
produced and stored in large gasometer 

2b: Point clouds of second components of young and old aerosols 
produced and stored in large gasometer 

2c: Point clouda of third components of young and old aerosols 
produced and stored in large gUaDSter 

(11) 



ABSTRACT 

The results of 91 resolutions of polydisperse aerosols produced and stored 

in a large gasometer using the Exhaustion Method are given and discussed. 

Details are given of the equipnent required and of the method employed. 

The interpretation of the results obtained is illustrated b7 numerical and ac

tual examples. 

To facilitate the application of the Exhaustion Method all necessaey com

putations for the size analysis of three examples are compiled in the Appen

dices. 
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INTRODUCTION 

In the course of various experimental investigations ( 1 ' 2 ,.3 ,4) in which 

the average radius of the condensation nuclei of a stored aerosol was re-
. . 

quired, we have carried out numerous particle size analyses of polydisperse 

aerosols using a diffusion battery and the 'Exhaustion Method'(5). Since 

these analyses enable one to study the dependence of the heterogeneity of a 

stored aerosol on the mode of production of the nuclei, their age and concen

tration, we are publishing in the following the results of 91 resolutions to

gether with a detailed discussion of the method employed. 

THE DYNAMIC METHOD 

Homogeneous Aerosols - This method of determining the diffusion coef f i -

cient of condensation nuclei was devised by the late J. J. N 0 L A N and 

V. H. G U ERR IN I (9). The first correct solution of the underlying dif

fusion problem was given by C. H. B 0 S AN Q U E T. His formulae were 

afterwards confirmed by P. G. G 0 R M LE Y (10) and re~erived by W. 

De M ARCUS & J. W. T H 0 M AS (11 ) in 1952. The coefficients in the 

formulae of all the authors mentioned agree very closely and can be accepted 

In the dynamic method the nuclei are passed through a 'box' containing a 

number of vertical rectangular channels arranged in parallel. This diff usi on 

apparatus origi.n&lly called diffusion box is now lmoVn under the name diffu

sion battery(11). The theory as developed by the authors mentioned above , 

assumes that the air-flow is parallel to the l ength of the channel and that 
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ther is only one dittusion coefficient of the nuclei or, in other words, 

that the aerosol is homogeneous with :respect to part;icle size. Further as

ram:ptione are: All particles which contact the wall of the channel adhere, 

the !feet of turbulence in the entrance to the channels is negligible 1 the 

ve drop across the battery is small and the diffusion of the particles 

1 not affected by electrostatic charges on the particles or battery wall(1;. 

nucl.eua concentration Z at the entrance of the channel an<l the con-

tion Zv at its exit are JIIBU'Ured. The ratio of these concentrations 

Z / Z i related to the dittusion coefficient D of the nuclei 1 the volume 

ot tb ro ol ( &1r containing the nuclei) q passing per second through each 

c and tb ~ne ions of the channel ( L • length 1 b - height and 

dth) by the following formula •• I 

It c i t 

' I I: '! 
I I 

(1) 
I • •• 

(2) 

nlDlber ot channels in the diffusion apparatus, the volume 

sing per second through the. diffusion battery Q • cq and 

X • 3*77 b c L D a-1 Q-t (3) 

X • D/tQ 

I .• 

~ ... 
I 

ftl t t the second term in Equ. ( 1 ) 
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glected 

z /Z - o•9099 exp (-x) 
V ••• (1') 

Up to 1955 the air-flow Q through the diffusion box was usually adjusted 

in practice so that the ratio Z / Z had a value of between o·? and o·2 and the V 

duration of a complete experiment was not unduly long (14). 

It has been shown ( 6) that within the range of 1 to 4 litres/min air-tlow 

a change by 1 litre/min alters the dit.fu.sion coef'.f'icient by roughly 12 %. 

Since for the t echnical reasons mentioned above during one experiment adjust

ments of' the air-flow by two litres/min were not uncommon up to 1956, the dif

fusion coefficient may be wrong by 25% of' its value for this reason alone. 

Heterogeneous Aerosols - In 1955 P 0 L L A K and his eo-workers dis-

covered a marked dependence of the apparent diffusion coefficient D on the 

air-flow Q through the diffusion apparatus (6' 7) as determined wit h the dif-

fusion bat tery, using G 0 R M L E Y ' s formula. 

systemat ic increase of D with increase of Q. 

They found a regular and 

This apparent increase of the diffusion coefficient with increasing flow 

rates had been found previously and the observation published in 1955 <
12

' 
13

) 

but the publication came to our notice only in 1957 • 

M E T N I E K S deduced from G 0 R M L E Y ' s formula that such an e.f'

feet must appear when the aerosol is heterogeneous with respect to particle 

siae. P 0 L L A K in turn recognised the potentialities of this explan&tion 

&nd suggested the 'Exhaustion Method' ( 5) which is similar to t he determinat ion 

of hidden periodicities(15). 

The influence of heterogeneity on the determination of' t he dif'.f'usion co

effici ent by the dynamic method was investigated numerically f'or polydisperse 
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aerosol.a consisting of a mixture of components without (5) and with various 

Gauasian particle size distribution (
8
). 

The theory of the dynamic method for heterogeneous aerosols as developed 

quite generally in Ref. 5 gave the following results. 

(i) The diffUsion coefficient D of a mixture of nuclei depends on the 

air-flow Q and also on the dimensions of the diffusion apparatus used. 

(ii) If we measure by the dynamic method, for different air-flows, the 

diffusion coefficient D of an aerosol containing a mixture of condensation 

nuclei of various sizes, then the graph representing D as a function of Q in

tersects with the ordinate (D) axis at a val.ue D which gives the smallest 
8 

diffusion coefficient in the mixture. 

(ill) ith increasing air-flow the apparent diffusion coefficient a~ 

pro&ches the weighted average of the component diffusion coefficients, the 

ights being their partial concentrations. 

(iv) The apparent D as measured by the dynamic method is always sma.Jler 

than the arithmetic mean of the diffUsion coefficients of the components and 

only for infinite air-now does it approach the weighted mean. 

( v) The &pp&rent diftuaion coefficient of a mixture of nuclei as deter

mined by the dynamic method, particularly llhen low air-flow is uaed, has lit

tle meaning. The same apparent diftusion coefficient can be found with the 

air-now for mixtures of nuclei having completely ditterent partial con

e tr tions and sises or their components • 

RESOLUTION; OF HETEROOENEOUS AEROSOLS 

EXHAUSTION METHOD 

0 
:ure - This thod assumes a pol.ydiaperse aerosol with an un,1alDIIIl 
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number of components and makes no assumption regarding their number. The res

pective (partial) concentrations of the components are z(i), their proportions 

p(i) and diffusion coefficients D(i). 

We have measured the apparent diffusion coefficient f'or various and parti

cularly for low air-flows. Then, as mentioned above and proved in Ref'.5, the 

measured D converge towards D' i.e. the smallest diffusion coefficient in the 

composite aerosol, when Q approaches zero. The intersection of' the curve re-

presenting the measured values of' D as a function of' the air-flow Q with the 

ordinate (D) axis or a calculation of the ordinate in the origin gives D'. 

For determining the p' of this aerosol component with the lowest diffusion 

coefficient (or the largest nuclei) we use Equ.15 deduced in Ref'.5 

p' • exp(-D/f'Q):exp(-Dt/f'Q) ••• (6) 

Equ.6 is valid only for sufficiently small values of Q and on the assump

tion that none of the p(i) is infinitesimal. 

Now, we remove this component (Dt, p') from the measured Zv/ Z values, 

treating the remainder as the new Z / Z from which we compute a set of new va-
v 

lues of D which we call D*. Th~se new diffusion coefficients D* are plotted 

as a function of Q, from the intersection of' which with the ordinate axis we 

obtain nu. 

In order to compute the D* values, we form 

(Zv- Z~)/(z- Zt) - 0•9099 [exp (-D/f'Q)- P1 exp (-Dt/f'Q)J: (1 - pt) 

=- 0•9099 e.xp (-D*/ f'Q) ••• (7) 
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or, in practice, we use tables for Zv / Z vs x which take also the second term 

into consideration. 

With Equ.(6) which now reads 

p'' • (1 - pt) exp (-D*/ fQ) : exp (-D"/ fQ) ••• (8) 

w get p'' and so on. 

Numerical E!amples - (i) Heterogeneous aerosol containing three compo

nents. In Ref.5 the exhaustion method was applied to a composite aerosol 

made up of three components with equal concentrations p' • p" • p'" • 0•333 
and with the corresponding diffusion coefficients Dt = 20, D" = 100, D"' • 

200. *) The constant f of the diffusion apparatus was assumed to be 46.25 

(Diffusion Battery No.1 of the School of Cosmic Physics). 

The resolution gives 

Dt • 20, p1 • 0•333 (from Equ.6 for Q • 0•2) J 

D" • 99, p" • 0•341 (from Equ.S for Q • o•5) ; 
D"' • 207, p"' • 0 • 326 

The calculated diffusion coefficients agree very well indeed with the 
'observed'' the max1nrum difference being 4%. The partial. concentrations round 
by the exhaust ion method approach the actual proportions of the components 
Within 3%. 

e dirt i on coefficients are given without the factor 10-6 (cm2/sec), the 
r without t he factor 10-6 (cm) and the constant f of the diffusion bat-
t er ies Without the factor 10-6. 
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All computations required for the construction of the composite aerosol 

and its resolution are given in Appendix I. 

(ii) Heterogeneous aerosol containing nine components with Gaussian die-
• 5 

tribution. of their concentration. We assume a composite aerosol of Z • 10000 

nuclei/ crrr'3 and nine components as defined in Table 1 • The average diffusion 

coefficient of the aerosol n - ~o, the average radius r - o·s56. 

Two somewhat different analyses gave the following resuats. 

Analysis 1 • • Dt -62 D" • 155 D'" • 301 

P' - o·02o p" - o·5o3 P'" ,.. 0•477 

D • Dtpt + D"p" + D'"P'" • 222 

r • rtpt + r"P" + r'"p'" - o·s6o 

Analysis 2 • • Dt -62 D" • 140 D'" - 259 

P' - o·02o p" - o·302 ptn - o·-678 

D • 219 

r - o·857 

We see that using the Exhaustion Method for the ~is of an aerosol 

containing nine components with approximately G&ussian distribution of their 

concentration, we obtain only three components, even when the D-values are ac

curately known • Thus, the Exhaustion Method is a numerical spectrometer of 

limited resolution power. We must, therefore, expect that an actual aerosol 

can in general be resolved by this method into three components only • 

- 9-



Table 1 - Heterogeneous aerosol containing nine components 

with G&uasian distribution of their concentration; Z = 10000 nuclei/~. 

1 

i 1 2 3 4 5 6 7 8 9 

Di .10 
6 60 100 140 180 220 260 300 340 380 

zi 140 475 1170 2010 2410 2010 1170 475 140 

Pi. zi /z (%J 1.40 4 .. 75 11.70 20.10 24·1o 20.10 11.70 4.75 1·4o 
6 M1 .10 cm 2400 4000 5600 7200 8800 10400 12000 1360 15200 
6 ri .10 cm 1•6Q5 t•229 1.034 .9087 ·82oo .7549 .7020 .6588 .6210 

1 .0225 ·o584 .1210 .1826 100 Pi ri .1976 .151 'V ·o821 .0313 .0087 

Notes: - (1) Mobility M1 • 40 Di 

(11) r1 from tables Radius vs. Mobility in Geophys. Bull. Bo.19 

of the School of Coemic Physics, Dublin (Ref .17) for 20°C 

(ill) The averages of D and r are 

r • 

Since these three 'bands' replace the nine original components' they 

th together • From these few bands, found by the Exhaustion Method, 

compute' however, the ~ average diffusion coefficient D and the ~ 
aver e radius r as f t ~ rom he original components. The numerical examp 

above shows that the &greement between the D and r computed from the D and r 

- 10 -



found by analysis and calculated from the D and r of the original aerosol is 

better than 1%. 

Fig.1 illustrates the situation. It shows the histogram of the frequen-
6 cies Zi vs the diffusion coefficient D1 • 10 of Table 11 the ogive (cumulative 

frequencies) of the Zi 1 the ogive of the three components found by the Exhaus

tion Method and the histogram of these components. 1hl.s histogram which is 

determined by the histogram of the original Zi and their ogive1 shows how the 

original frequencies are lumped together by the components obtained by the an

alysis. 

In Appendix II all computations required tor the construction of the con

posite aerosol and its resolution are given. 

Actual Example - (i) Equipnent required: A photo-electric nucleus coun

ter(16118) without or with compensating circuit for measuring very low concen

trations of condensation nuclei. 

A diffusion battery preferably one without end-pieces or connecting tu

bing(20) • The elimination or the end-pieces and connecting tubing removes 

any end-effect and diffusion losses in these parts or the di!tusion battery 

&nd redUCeS the VOlume Of the diffUSiOn apparatUS tO that Of itS charmels I 

thus Dlinimising the lag in the response of the battery. Since the volume or 

the fog-tube of a photo-electric com1ter with 2• 5 cm air-colUIID diameter is 

only 288 ~ 1 a battery without end-pieces shortens the f1l.l.1.ng operation 80 

much that air-flows down to o·2 litres/min are possible without unduly 

lengthening the measurement. These low air-flows are particularly valuable 

in the application of the exhaustion method tor the size resolution or poly

disperse aerosols. 

The diffusion batteries used in this investigation were: Nos. I & III and 
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BW E 1 {G.E., Schenectady). Particulars of the batteries together with the 

range of D for various Qt s for Zv/ Z within the limits 0" 675 and 0•25 are 

given in Table II. In the Exhaustion Method values of Zv/ Z as amal.l as 

o·o1 proved usetul. and indispensable. 

(ii) Artificially produced aerosol stored in lArge gasometer - The nu

clei used in this experiment were produced at 9h .35m by heating a nichrollle 

wire helix mounted on a pyrex glass tube in the centre of a Myl.ar balloon of 

4200 litres content with 4 o 20 A for 60 sec. 

In Table Ill {a) the actual measurements are compiled and in Table 

lli (b) are given the Z & Z readings interpolated for 11h 5.3m from graphs of V 

the original measurements (Table III a). These values form. the starting 

point of the resolution and are transferred to Cols .1 to .3 in Appendix lli A. 

Appendix lli shows all details of the resolution which gives 

D' - 26 , P' - o·o5o 
D" - .300 , p" - o· 592 
Dtn • 840 , p'" • 0•.358 

&nd average radius of this . aerosol r - o· 690 • 1 0-6 cm. 

RESULTS OF 91 RESOIDTIONS OF POLYDISPERSE AEROSOlS 

produced and stored in a large gasometer 

In Table IV are given, arranged according to increasing average radiUS' 
the r sul.t s of our l:ut __.. reso ions of pol.ydisperse aerosols 

1 
produced and sto;n:ll"'o& 

1n a large rubber -+.,, .. _ 
or -~ed Mylar balloon gasometer 

1 
up to 20th FebrU&1'1 

1962 . 
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Diff. Battery 

Plates 
Separators 

Lcm 

bcm 
2acm 
c 

Constant 

Volume <='> 
(i) Channels 

(11) End-pieces 
(111) Total 

Q 

(litres/min) 

L.... 

o·5 
1·o 
2.·o 
,.0 

4·o 
5·o 
7·o 

1o·o 
14·o 
2o·o 

L....... 

Notes: 

Table II - Particulars of diffusion batteries. 

BWE 1 No. 1 No. 3 (G.E., Schenectady) 

Glass Glass Metal 
Cardboard C&rdboard Metal 

50•2 40.04 5o·o 
8·o 19.07 7.972 
o·o84 o·o466 o·9529 

10 30 5 
2.77405. 10-6 2.69804· 10-7 3.52028 .10-6 

337 1: 1067 80 

318 2515 0 
655 3582 80 

j 

D .106 D .106 D. 106 

z /z Z /Z tQ.1o6 z.,lz Z /Z fQ.1o6 Z /Z 
V V V V 

-o·675 -o·250 -o·675 -o·250 -o·675 
x-0·3 x-1·3 xao•3 x-1·3 x-0·3 

6.9 30.1 23.117 o·7 2.9 2.248 8.8 

tr9 60.1 46.234 1., 5·8 4.497 17.6 

27*7 120.2 92.468 2.7 11.7 8·m 3$.2 

41.6 180.3 138.702 4.0 17.5 13.490 52.8 

55·5 240.4 184.9.37 5·4 23.4 17.987 70.4 

69~4 300.5 231.171 6.7 29.2 22.484 ss·o 

97.1 420.7 323.639 9.4 40.9 31.477 123.2 

138.7 601·o 462.342 13.5 58·5 44·967 176·o 

194.2 841.5 647.278 18.9 81.8 62.954 246.4 

277.4 1202·o 924.684 27.0 116.9 89.935 352.0 

I 

(1) D - x. Const. 1000/60(for Q • 1 litre/min) 
(11) D = xfQ 

Z /Z 
T 

-o·250 
x-1·3 

38.1 
76.3 

152.5 
228.8 

305.1 
381.4 
533.9 
762.7 

1067.8 
1525.4 

fQ.1o6 

29.335 
58.67 

117.34 
176.01 
234.68 
293.35 
410.69 
586.70 
821.38 

1173.40 
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Table Ill -Measurements with dif.fusion battery BW E 1 (G.E., Schenectady) 
on 21 January 1962. 

(a) 

Counter or B W E 1 Counter of B WE 1 
Time Q Reading 

Time Q Reading 

z z 
V 

z ZT 
h • litres/min % % h m litres/:min % % 

- -
11 36 20 46.3 12 21 20 54.1 I 

38 20 46·9 23 20 60.6 
40 20 54.2 25 

t 
10 65.5 

42 10 59.4 27 5 '7'J:7 
44 5 68.1 29 20 56·o 
46 20 48.3 32 2°5 at•7 
49 2.5 78.·1 36 1 91.2 
53 1 a<r5 42 o·s 93.1 
59 o·5 92.4 44 20 5s·o 

12 01 20 51·o 
' 1 I ll ' J' 

(b) 

Counter or B WE 1 
Q Interpol. Reading for 11h 5.3m 

z z 
T 

litres/min 49.5 
I 

• o·5 I 92.3 
1 89.5 
2.5 78.5 
5 69.1 

10 61·1 
20 56.2 

I I 
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Up to the 1st December 1961 the nuclei used were produced by heating a 

length of nichrome resistance wire (a helix of a few turns) suspended in the 

axis of a Tufnol 'boat' which is mounted approx. in the centre of the gaso

meter. The nuclei, therefore, contain an ac:lmjxture of burned Tufnol. 

After the 1st December 1961 nuclei wre produced by heating an identical 

helix of nichrome wire mounted on a pyrex glass tube. Nuclei of high concen

tration generated in this way require very much longer heating duration and 

their size is small. 

In all experiments with serial numbers 6 and more the nuclei after pro

duction were diluted with filtered air to ensure good mixing in the balloon 

gasometer and to slow down decay. In the experiments with serial numbers 1 to 

5 the dilution with filtered air took place during the production of nuclei in 

order to obtain very small nuclei. 

In the Column headed 'Time' (Production of Nuclei) the hours shown refer 

to the corresponding day given in Column tDate' when positive, to the previous 

day when negative; e.g. for the experiment on 20th Octob4;tr 1959 (Serial Number 

74) the nuclei used were produced on the 19th at 1700, therefore in the Column 

'Timet of the production of nuclei is entered -7 hrs. 

With regard to the accuracy of the resolution results it should be noted 

that there is a certain latitude in the extrapolation to zero air-flow in de

termining the Dt and D" and in the interpretation of the graphs. Two examples 

selected at random and reproduced below (page 24)' are intended to show that 

in spite of this' two independent analysts can arrive at essentiall.y the same 
components. 

'lhe &greement of the average radius r is particularly good. 



Table IV - Resolutions of pol.ydisperse aerosols 

Production of Nuclei Nuclei Components of Aerosol 
Ser1&1 

No. Date DiffUsion Coefficient 
Time Current Duration Age Concentration Dt I D" I D'"lnnn 

h A sec h z D(i) • 106 

1 24- 4-61 1o·o 4.90 30 4.6 973 500 1800 
2 27- 4-61 1o·o 4.80 150 4.6 2854 1200 
3 28- 4-61 9.5 4.80 900 5·6 3160 200 620 
4 28- 4-61 9.5 4.80 900 6.3 2592 210 620 
5 28- 4-61 9.5 4.80 900 6.9 2147 210 620 
6 13- 2-62 9.6 4.25 120 1.9 11682 25 335 895 
7 21- 1-62 9.6 ·2o 60 2.3 11492 26 300 840 
8 6- 2-61 14.3 4.70 12 1.9 24871 180 550 
9 13- 2-62 9.6 4.25 120 2.6 6912 29 320 785 

10 4- 9-61 9.5 4·s5 25 2.4 10972 30 220 400 800 
11 21- 1-62 9.6 4·2o 60 3.0 6984 20 300 720 
12 10- 2-61 10·2 4.75 12 2.3 13370 100 270 600 

' 13 1- 3-61 9.6 4.90 15 1.7 20811 35 150 300 {J)6 
14 18- 8-61 9.7 4.90 25 2.3 27295 80 250 790 

' 15 20- 2-62 9.9 4.25 180 2.1 18852 58 279 900 ' 16 21- 8-61 9.9 500 4.90 25 2.1 32330 60 190 
17 2- 7-59 9.7 4.95 5 2.3 7700 80 280 560 
18 16- 2-62 9.5 4.25 180 2.5 12154 69 256 740 
19 6- 3-61 9.6 4.90 18 1.7 23124 50 180 334 20 30- 8-61 1o·6 4.80 35 1.9 31489 60 170 350 

' 
21 3- 2-62 9.5 4.30 240 2·o 17764 74 259 850 
22 20- 2-62 9.9 4.25 180 2.9 11118 52 260 9SO 
23 29- 8-61 9.6 4·s5 30 2.9 21203 40 150 250 825 
24 16- 1-62 1o·o 4·2o 30 2·o 13547 15 290 910 
25 1- 2-61 14.2 4·5o 10 1·s 22972 80 400 
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11 

produced and stored in large gasometer. 

Components of Aerosol Average 
Diff. Coeff • .. - -

to Proportion Diffusion Average 
Coefficient .Radius 

Radius pt p" p'" P"" 
- .. 6 
D. 10 - 6 ' r .to nr .to 6 

o·o60 0"940 1722 o·3o 1620 
t·ooo I 

I 1200 o·35 1200 
o·190 o·sto I I 

540 o·56 475 I 
I 0"280 o·72o 505 o·5s 430 

0°340 o·660 480 o·6t 400 
I ' o·o35 o·64o o·325 506 o·65 354 

I o·oso o·s92 o·3ss 480 o·69 I 312 
I o·470 o·s3o 376 o·7o 300 

o·o57 o·6so o·263 426 o·71 
' 

295 
I o·02s o·431 o·44o o·104 1 

355 . I· o·72 282 
o·os1 o·6s3 o··290 406 

! 
o·75 262 I: l1' o·14o o·64o o·22o 319 o·76 257 '.1 

o·02o o·225 o·607 o·14s ,306 
' '1,. 

o·77 250 ,'• I; 

o·151 o·683 I o·t66 I 314 ;I, o·st 225 
o·135 o·nt I o·134 333 I o·st 227 I o·o68 o•611 o·321 281 :h\ 

o·82 220 
o·3os o·24o o·455 346 o·83 215 I 

o·t82 •: o·723 o·095 I 268 ,, o·s6 200 o·o6s o·600 o·335 223 I o·ss 190 
o·093 o·48s b·419 235 ' o·ss 191 

' o·230 o·674 o·096 I 

191 274 I 
o·ss 

o·t66 o·739 o·095 I 291 I o·ss 191 I o·o8s o·w.. o·277 o·194 299 o·89 187 !I o· to8 I I 
. o·ss2 o·34o . o·89 I 186 471 ' 

I o·3so I o·62o 278 o·90 183 

Min. Diffusion 
z /z 

V 
Battery 

o·004 BWE 
o·oo5 BWE 
o·006 BWE 
o·oo7 BWE 
o·009 BWE 
o·o14 BWE 
o·o19 BWE 
o·02o BWE 
o·02o BWE 
o·oos BWE 
o·026 BWE 
o·004 BWE 
o·oo1 BWE 
o·009 BWE 
o·o17 BWE 
o·oos BWE 

o·049 I 

o·ot6 BWE 
o·oot BWE 
o·ott BWE 

o·017 BWE 

o·a26 BWE 
o·02o BWE 

o·os9 BWE 

o·088 BWE 

Serial 

Ho • 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 I~ 

I' 
14 
15 
16 
17 
18 
19 1 

20 
21 

22 

23 
24 ' •' ·' ' I ' 25 ' 

I. 

I 
11 
1' . . 
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Table IV - Resolutions of polydisperse aerosols 

'I i 

Production ot Nuclei Nuclei Components of Aerosol 

o. Dat e Diffusion Coefficient 

' 11 
Time Current Duration Age Concentration Dt 

i 

I 
D(i). 106 h A sec h z 

26 14- 3-61• 9.6 4.90 2.1 ,.7 26227 37 190 .340 
.I 27 19- 5-61 u·s 4.80 so ,., 52009 '70 160 3SO ,I 

28 16- 2-62 9·s 4·2s 180 ,.3 8175 70 280 
29 6- 2-62 9.6 4·1s 360 ,.7 24542 76 240 700 
0 19- 1-62 9.6 4·2o 

I I 
4S 2·o 84S6 13 560 

1 ,_ 2-62 9·s 4.30 240 2.8 '11'192 69 272 
32 I 11 - 8-6f 9.7 4.90 30 2·s 23900 67 230 530 

17- 18-61 9.7 4·9s~ 30 2•6 1 25037 60 194 838 
'I 

23- 8-61 9·s 4.90 30 2. 9 21507 50 1SO 330 
35 16- );.61 9.7 4·ss 30 t•7 30565 45 130 270 

i 6- 1-62 to·o 4"20 30 2°6 I 10440 15 no 830 
I 

! 6- I 218 12SO 7 ' -62 9.6 4·1s ~ 360 2•5 I 14325 ' 76 I I I 

I' ~ ' a.61 9.5 ·ss 40 2•6 I 26054 60 150 320 I 
22- ~-61' 9"7 4·ss 25 1"7 26140 I I 45 130 303 

0 22- 8-61 9.5 s·oo 30 2.7 24542 60 180 400 I . 
I 

24- 2-611 9.7 ·as 117 257 I 2S 2.4 17415 37 
25- 1-62 9"6 4"25 300 2.3 21087 so 200 
2?- 7-61 tt •7 4·ss 30 2.7 21936 60 230 
22~ )-61 ,.6 4.90 30 2·o 21 087 40 100 2SO 

s q• 1.·9s 25 6·1· 3849 50 150 
6 10·1 4·ss 60 2.1' 33300 ,. 60 190 
·7 2- 8-61 'I to· 4.90 45 I 2· 1~ 320112 60 I 185 

25 -62 ,.6 4"25 3.00 ,.1 14372 45 135 1000 
9 20- -61 9.7 4.80 30 o· s 47731' so 1 

170 so 20- 2-61 I ,.7 ,..80 30 ,.4 33082 ' SO , 190 
I• 

- 18-



produced and stored in large gasometer (continued). 

I 

Components of Aerosol Average 
Diff. Coeff, 

to Min. Diffusion Serial Proportion Diffusion Average Z /Z Battery No. 
Coefficient Radius 

Radius V 
pt p" P'" p'"' 

D .106 ; • 1o6 D- 106 
r· 

0"047 0"780 0"17.3 209 0"90 183 0"002 BWE 26 
0"166 0"410 0"424 226 o·92 176 0"014 BWE 27 
0"257 0"74.3 226 0"92 175 0"022 BWE 28 
0"270 0"646 o·o80 2.35 0"9.3 17.3 0"019 BWE 29 
0"1.38 0"862 485 0"94 168 o·o82 BWE .30 
0"261 0"7.39 219 0"94 170 0"02.3 BWE .31 
o·260 0"625 o·115 222 o·95 165 o·025 BWE .32 
0"159 0"747 0"094 2.3.3 o·95 165 0"019 BWE .3.3 
0"1 0.3 0"5.32 0".365 205 o·96 162 o·o17 BWE .34 
0"065 0"470 o·465 190 o·97 159 o·oo1 BWE .35 
0"148 0"647 0"205 .386 1.02 145 o·o81 BWE .36 I 

o·.387 o· 5.36 0"077 202 1"02 145 o·027 BWE .37 'I 

,j li 0"2.3.3 0"475 
! 

1.37 o·027 BWE .38 o·292 
I 179 1"05 ! 

I 
I 

0"1.30 o· 594 0"276 167 : 1.07 1.30 o·00.3 BWE .39 
0"275 o·62s 0"100 ' 169 '; 1.07 1.31 o·0.32 BWE 40 
o·o85 I 

o·00.3 BWE 41 • o·s5o o·.365 161 : 1·o8 1.30 . 
0"267 0"7.3.3 160 1·1o 124 o·044 BWE 42 : 

o•.397 0"60.3 16.3 : 1.12 119 o·047 BWE I ' 4.3 
0" 110 0"510 0".380 150 j 1.14 115 0"00.3 BWE 44 
0"215 0"785 129 1·16 112 o·o.36 BWE 45 
o·41.3 o· se7 1.36 1.18 109 o·049 BWE 46 
o·415 0" 585 1.3.3 1 T19 107 0"049 BWE 47 
o·275 0"645 o·o80 179 1.22 101 0"054 B E 48 
o•451 0"549 116 1 • .31 88"5 o·o75 BWE 49 
0"496 0" 504 121 1".32 87"0 0"082 BWE 50 

- 19-



Table IV - Resolutions of pol.ydisperse aerosols 

Serial Production of Nuclei Nuclei Components of Aerosol 

No. Date DiffUsion Coefficient 
T:i.JDe Current DuratiOil Age Concentration Dt I on J D"' I onn 

h A sec h z D(i). 106 

51 .3- 8-61 10 • .3 4.90 60 20.3 21649 50 155 52 20- 2-61 9.7 4°80 .30 1°9 24542 50 170 
5.3 12- 5-61 15.1 4.90 .30 t•6 43687 .35 700 
54 2- 7-59 9.7 4.95 5 5.7 4400 7 45 250 
55 5- 4-60 9•5 4.75 45 5 .. 8 7795 37 11.3 217 56 17- 5-61 14 • .3 4.80 60 2 • .3 .33.300 40 150 57 16- S-61 9.7 4"90 .30 2.5 16408 20 240 58 27- 2-61 9.6 4.80 .35 109 27114 33 100 59 15- 5-61 10.9 4°85 60 t•.3 56792 20 280 1000 60 19- 1-62 9.6 4.20 45 2°.7 5618 10 2.30 700 61 16- 2-61 9.5 4.75 .30 1.4 41644 62.5 62 4- 8-61 10.2 4.90 60 2.6 30162 40 125 ' 

6.3 4- 4~ 10.9 4.80 60 5.1 9670 32 108 6IYJ 64 16- 2-61 9.5 4.75 .30 1.9 30162 58 65 28- 7-61 11·o 4.80 90 4•o 9105 .35 110 66 2- 5-60 9·5 4.80 90 6·o 7482 .30 73 2.30 67 26- 7-61 12.1 4·s5 60 2.7 27661 .30 100 68 16- 5-61 14.6 4.90 90 1.9 41644 30 100 69 4- 5-60 9.5 4.75 120 5.2 8456 15 45 150 70 29- 9-61 -.36 4.90 60 47 185 6 .30 85 71 1- 9-61 9.7 4·a5 150 2.5 .38328 
p 

15 .3.3 100 11 72 1- 8-61 to·s 4.90 150 4.6 1.3196 17 53 7.3 9- 8-61 14 • .3 4•a5 60 2°4 44674 15 50 7 20-10-59 -7 6•to 5 19.5 650 5·5 36 147 500 ?S 25- 8-61 9.6 4.90 150 2.2 50776 to·; 33 

-20-



produced and stored in large gasometer (continued). 

Componente of Aerosol Average 
Ditf. Coett. 

to Min. Dittusion Serial Proportion Dittuaion Average Z /Z Battery No. Coefficient Radius 
Radiua T 

P' p" p'" p"" 

D .106 z: ·• 1o6 D; .fo6 

o·437 o·563 109 1.32 ~:ro o·m BWE 51 
o·512 o·488 119 1.36 82:3 o·oa5 BWE 52 
o·550 o·450 334 1.38 80 o·277 BWE 53 
o·o55 o·347 o•598 165 1.39 79 o·o11 m 54 
o·3oo o·573 o·127 103 1.39 79 o·o1o BWE 55 
o·396 o·604 106 1.39 79.0 o·092 BWE 56 
o·325 o·675 169 1·46 71.8 o·149 BWE 57 
o·276 o·724 st•5 1.50 68.1 o·o15 BWE 58 
o•.395 o·417 o·188 313 1. 51 67.2 o·033 BWE 59 
o·255 o·.317 0 .• 428 410 ,. 51 67.2 o·166 BWE 60 

' 1·ooo 62.5 1.57 62.5 o·145 BWE 61 
o·540 o·460 79.1 t•58 61.5 o·126 BWE 62 
o·425 o·525 o·o5o 100 t•60 60.2 o·023 BWE 63 
1·ooo 58 1.63 58 o·t6.3 BWE 64 
o·400 o·52o 74.0 t•63 58·o o·132 BWE 65 

' o·.328 o·572 o·too 74.6 t•67 55.5 o·02o BWE 66 
o·42o o·5so 70.6 1·68 54.7 o·137 BWE 67 l 

o·509 o·491 64:4 1.78 49.2 o•t67 BWE 68 
' o·tos o·722 o·170 59.6 t•ss 44 .. 4 o·001 BWE 69 

o·118 o·315 o·567 58.4 2.15 34.4 o·039 BWE 70 
I i o·284 o·435 o·281 46.7 2·26 ,,., o·02o BWE 71 ' 

o·551 o·449 33.2 2.50 25.9 o•tt8 BWE 72 
o·486 o·514 33.0 2.54 25.2 o·12.3 BWE 73 
o·231 o·450 o·241 o·o78 91.9 2.58 24.4 o·06t m 74 
o·256 o·744 27.2 2·68 22.8 o·039 BWE 75 ; 

,, 

-21 -
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Table IV - Resolutions of pol.ydisperse aerosols 

Production o! Nuclei Nuclei Components of Aerosol 
Serial 

No. Date Diffusion Coefficient 
Time Current Duration Age Concentration Dt I Dtt J D'" I nnn 

h A sec h z D(i) • 106 

76 18- 5-61 14.7 4.80 180 1.9 56352 14 45 
77 31- 7-61 11.4 4·85 180 3.7 18728 15 90 
78 28- 4-60 -6.9 4.80 180 18 1900 15 22 80 
79 22-10-59 -7 7.00 4 20 800 5·o 42 100 
80 15- 8-61 9.7 4.90 180 2.2 58612 11 35 
81 28- 4-60 -6.9 4.80 180 18 2000 1o·5 53 125 
82 6- 4-60 -7 4.75 180 . 23 2820 12.8 57 
83 19-10-59 -36 - 5 48 140 4.7 27 84 
84 10- 8-61 9.8 4.85 180 2.4 56792 6 20 
85 23-10-59 -31 7.00 4 43 180 5·o 54 100 
86 26-10-59 -36 4.80 30 48 470 4.5 35 
87 21-10-59 -31 6·1o 5 43 90 4.0 38.5 173 
88 29-10-59 -35 4.80 60 47 280 4 20 70 
89 27-10..59 -60 4.80 30 72 80 4 15 60 
90 30-10-59 -59 4.80 60 71 105 3.8 27 90 
91 24- 5-60 -7 4. 75 300 22 6000 2 7.5 15 50 

-22-



produced and stored in large gasometer (concluded). 

Components of Aerosol Average 
Diff. Coeff. 

to Min. Diffusion Serial Proportion Diffusion Average Z /Z Battery No. 
Coefficient Radius Radius V pt p" P'" p"" 

i5 • 1 o6 - 6 D- .106 r. 10 r 
o·525 0"475 28.7 2"72 22"1 o·145 BWE 76 
o·716 0"284 36"3 2"78 21 • .3 0"391 BWE 77 
o·7oo o·16o o·140 25"2 2"98 18"8 o·223 BWE 78 
o·290 o·62o 0"090 36.5 3"13 17.1 o·o87 III 79 
o·6so o·320 18"7 3.39 14.8 o·095 BWE 80 
o·750 0"170 o·oso 26~9 3.45 14.4 o·317 III 81 
o·9oo o·1oo 17"2 3.46 14"2 o·261 BWE 82 
0"336 0"298 0°366 40.4 3"57 1.3"4 o·1cn Ill 8.3 
o·.356 o·644 15"0 3"85 11.7 o·u6 BWE 84 
o·534 0"279 o·187 36.4 4"05 10.7 o·160 m 85 
0"467 o·533 20·8 4.26 9"8 o·159 III 86 

' o·47o o·46o 0"070 31.7 4"37 9".3 0"174 III 87 
0"568 o·173 0°259 23.9 4"96 7.5 o·212 III 88 ' 11 

0"654 o·14o 0"206 17"1 
; ;•5o 6 • .3 o·245 m 89 

I 

o·760 o·193 o·047 12"3 6"13 ;·2 o·295 III 90 
'I; o·7oo o·179 0"038 o·o6; 10 8.90 2.8 o·262 m 91 

,I 



' .. 
1 I I 

Serial -
Analyst Dt D" D"' pf rJ' P'" r I' No. . ' 

79 POLLAK s·o 42 too o·290 0°620 o·090 3~13 

ME!NlEKS 5"4 37°5 200 o·3o7 0"540 o·153 3.08 

85 POLLAK 5"0 54 100 o·534 o·279 o·187 4·os 

ME!NlEKS 5"0 20 100 o·s1o o·134 o·356 4.02 

The sensitivity of the Exhaustion Method is remarkable.. The average ra

dius (r) of the aerosol increases regularly when the age or the aerosol in-

c a by as little as one hour. As an example, see the resolutions on 

28 AprU 1961 (Seri&l. Nos. 3, 4 & 5). 

When the age of this aerosol increases trom 5°6 to 6-.3 and to 6.9 hrs, 

the aTer&ge radius grow& from 0" 56 to 0• 58 and to 0" 61 • 10-6 
Clllo 

Final.lJ', Table IV enables one to study the composition {heterogeneity) 

ot polydisperse aeroeols of various modes or production, ages, etc. As an 

example give in Fi.g.2 'point clouds' -well known from periodography'- tor 

P(i) n D(i) ot the aerosols listed in Table IV vith average radius 

r < 1"00. 10-6 and > 2·oo. 1o-6 cm. 

There are 35 resolutions (Serial Nos. 1 to 35) or aerosols vith 

- 1·oo 1 - 6 70 
r < • 0 llhich ve an aTer&ge age or 2"7 hrs, and 22 (Serial Nos. 

to 91) with r > 2·oo .1o-6 and an average ag of 25"5 hrs. From Figs. 2& to 

0 deduce, in Tabl V, o characteristics or young and old aerosols stored 

in a large gas ter. Take e.g. Fig.2a, the cloud of points ~presenting the 

component Dt i.e. the component with the smallest diftuaion coetticient or 

with the largest radius obtained by the Exhaustion Method for young and old 

-24-



Table V - Extension of point clouds for components 
of young and old storecl aerosols. 

I 

Aerosol Young Old 

Average Age (hrs) 28 7 25°5 

Dt 210. 10-6 17. 10-6 
nn 620 90 
Dfl' 950 172 

r' 0"84 .10-6 3'14.10-6 

r" 0'48 1' 30 

r"' 0°39 0'93 

P' 47% 90% 

P" 86 75 

P"' 61 57 

aerosols. In young aerosols we found Dt values up to 210 .10-6 or components 

With radii as small as o· 84 • 1 o-6 cm, whereas in old aerosols the diftuaion 

coefficients Dt never exceeded 17 • 1 o-6 or, the component with the largest ra

dius was never . smaJ.ler than 3 '14 • 1 0-6 cm. 

It appears, therefore, that the resolution of actual aerosols using 

the Exhaustion Method can supply - in addition to the average size of the 

aerosol nuclei - some information of the processes in an aging population ot 

nuclei stored in a large gasometer. 
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Fi~. 1 - Hetero~eneous aerosol containitzA nine components 

with Gaussian distribution of their concentration. 
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1 J J 

c Ogive of the three components obtained by Exhaustion Method, 

d Histosram of the three components obtained by Exhaustion Metbocl 
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