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ABSTRACT 

The computation and the physical explanation of the spectral extinction of light in 
the atmosphere are mainly influenced by some specific prerequisites such as the number 
and the size of the atmospheric aerosol particles as well as their complex refractive 
index. Both size and complex refractive index are functions of the relative humidity. 
During the last years quite a number of investigations into the size distribution of the 
atmospheric aerosol particles have been carried out. Their refractive index, however 
is hardly known. An attempt has been made to overcome this deficiency with a new 
quantitative method for the simultaneous measurement of the real part of the mean 
complex refractive index and the mean density of samples of atmospheric aerosol 
particles. This measuring method and the first preliminary results of measurements 
are presented in this paper. The arithmetical means of nine measurements are 1.57 for 
the real part of the mean complex refractive index and 2.7 g cm-8 for the mean density. 
Both these values are valid for a relative humidity of 0.40 +0.05. These measurements 
have been used for computing the dependency of both these quantities on the relative 
humidity. Formulae for these computations are deduced and the computational 
results for two samples of aerosol particles are presented: While the relative humidity 
varied between 0 and 1, for both samples the real part of the complex refractive index 
varied between 1.33 and about 1.7 and the mean density between 1 g cm-8 and about 
4 g cm-8. 

Introduction 

The spectral extinction of solar radiation in 
the visible is caused by gas molecules and 
aerosol particles. It effects the sky radiation 
and its phenomena. The computation of the 
spectral extinction of radiation in the atmo- 
sphere and the distribution of the spectral 
radiance of the sky are based upon Rayleigh’s 
law of the extinction of light by gas molecules 
and on the Mie theory of the extinction of 
light by spherical particles. The Mie theory 
applies to spheres whose radii are comparable 
with the wavelength of the incident light. I f  
this theory is applied to the atmospheric 
aerosol particles it is necessary to know not only 
their number and size but also their complex 
refractive index. 

This paper is a preparatory study. It deals 
with the preliminary results of measurements 
of the real part of the mean complex refractive 
index and the mean density of samples of 
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aerosol particles and with computations of the 
functional variation of both these variables 
with the relative humidity. 

The simultaneous measurement of the real 
part of the mean refractive index and the 
mean density of samples of aerosol particles 
A. THEORY 

The principle of measurements of the real 
part of the mean refractive index and the mean 
density of samples of atmospheric aerosol 
particles is described in this section. The only 
presumption for these measurements is the 
validity of the empirical rule for the real part 
of the complex refractive index by Arago and 
Biot [l]: 

V1,nl, = V1nl + V,n,. ( 1 4  

V is the volume and n is the real part of the 
refractive index. The subscripts “12”, “1” and 
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“2” denote the mixture and both its consti- 
tuents. The mixture rule ( la)  applies very 
well to mixtures, solutions and dispersions, 
if the following prerequisites me fulfilled: 

No chemical reactions between the consti- 
tuents should start. 
V ,  must be very large compared with V,, i.e. 
there should be a distinct predominance 
of one of the constituents [ 5 ,  61. 
I n  case of colloidal dispersions n, must be 
almost equal to ma. If this is not true, the 
spatial dimensions of the particles should 
not be greater than about 0.5 ,u [lo]. 

For the simultaneous measurements of the 
real part of the mean refractive index and the 
mean density of samples of aerosol particles it is 
necessary to apply the formula (la) to systems 
of samples of aerosol particles in liquids. 
However, this is not readily admissible since 
the samples of aerosol particles are consti- 
tuted of various homogeneous substances with 
the volumes V ,  and the real parts of the 
refractive indices mi. Rather, the second term 
V a . n ,  in  the formula ( la)  must be substituted 
by a sum as follows: 

In  order to give a uniform shape to both the 
equations (1 a) and (1 b), it is suitable to define 

where V is the volume and n the real part of 
the mean refractive index of the sample of aero- 
sol particles. The quantity n is to be interpreted 
as the real part of the refractive index of a 
hypothetic homogeneous substance which has 
the volume V and can take the place of the 
aerosol particles in the system aerosol particles- 
liquid. 

Further considerations also require us to 
know the mean density e of the sample of 
aerosol particles which is defined as 

where the masses mi are related to the volumes 
y i’ 

I f  volume additivity is assumed for the 
system of a sample of aerosol particles in a 
liquid, the volume of the system is equal to 

the sum of the volumes of the liquid and of 
the sample of aerosol particles: 

V12 = V ,  + V.  (4) 

m = C,m, is the total mass of the sample of 
aerosol particles. Then V = m/e, and by making 
use of the equations (2) and (4) the equation 
(1 b) can be rewritten as 

- m . n  + V1(nla -nl)e = -m.n,,.  (5) 

Equation ( 5 )  is linear with respect to n and 
e. These quantities are unknown for samples 
of aerosol particles. All the other quantities in 
equation ( 5 )  can be obtained by direct measure- 
ments: The mass m of the sample of aerosol 
particles by weighing, the volume V ,  of the 
liquid by pipetting and the real parts of the 
refractive indices of the system nla and the 
liquid n, by means of an ABBE refractometer. 
If such measurements are accomplished for 
two physically different systems which contain 
aerosol particles of the same sample, the fol- 
lowing two linear equations in n and e are 
obtained: 

- m . n  + Vl(n12 -n,)e  = -man,, (6) 

anti -m’*  n +  V,(nlz -nl )e= -m‘-n; , .  ( 7 )  

This system of equations can be solved for 
n and e without difficulty. This is the descrip- 
tion in principle of the method for measuring 
the real part .n of the mean complex refractive 
index and the mean density e of samples of 
atmospheric aerosol particles. 

r , ,  

B. PERFORMANCE OF THE MEASUREMENTS 

(a)  Collecting the samples 
The samples of aerosol particles have been 

collected in an automatic jet impactor on the 
roof of the Meteorological-Geophysical Institute 
of Mainz University. The uniform reciprocation 
of a small glass plate under the jet inside of the 
impactor effects a regular deposition of aerosol 
particles on this glass plate. 

The distance between the end of the jet and 
the glass plate is 0.6 mm. At its end, the jet has 
a slob 15 mm in length and 0.6 mm in width. 
About 4 m3 per hour of ambient air are taken in 
by the jet. 

For computing the dimensions of the smallest 
particles which are caught by the impactor, 
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the following assumptions1 have been made for 
simplification: 

All aerosol particles have the density 2 
g cm-a. 
The aerosol particles have the same aero- 
dynamic behaviour as spheres of the same 
volume. 
Stokes's law is valid for the movement of 
the aerosol particles in the space between 
the end of the jet and the surface of the 
glass plate. 
The aerosol particles have the same surface 
characteristics as polystyrol latex spheres. 

Under these assumptions, the impactor 
calibrations by Stern et al. [12] can be applied 
to the automatic jet impactor. Hence, theoret- 
ically, the automatic jet impactor catches all 
aerosol particles whose equivalent radii are 
greater than 0.15 p. (The equivalent radius is 
the radius of a sphere having the same volume 
as the aerosol particle.) 

( b )  Preparing the physically different 8y8tema of 
aerosol particles in liquid8 

It has been explained in the theoretical sec- 
tion that the measurement of the real part of 
the mean refractive index and the mean density 
of samples of aerosol particles requires two 
physically different systems of aerosol particles 
in liquids. 

These systems must be so conditioned, that 
the equations ( 6 )  and (7) are linear independent 
from each other. Systems which meet this con- 
dition can be prepared in two ways: 
1. By changing the concentration if the same 

liquid is used, i.e. V1+ V i  when nl =n; .  
2. By using different liquids with different 

real parts of the refractive indices, i.e. n,-+ni. 

Measurements and model computations have 
shown that only the second way is practicable. 
Therefore this way has been followed for all the 
mearturements. 

The systems of aerosol particles of the same 
sample in different liquids have been prepared 
in such a way that 

Presently these 
gation. 
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m m' - - _ -  v v" 
assumptions are under investi- 

i.e. both these systems had the same concentra- 
tion. Then, very simple equations for n and e 
can be derived from the equations (0) and (7): 

The masses m and m' have been weighed 
with a microscale with an accuracy of about 
1-5 % and the volumes Vl and Vi have been 
measured with micropipettes with an accuracy 
of about 1-3 %. The masses have always been 
greater than 1 mg and the volumes have always 
been greater than 0.1 cm*. The weighing and 
pipetting has been carried out indoors at 
relative humidities of f o  = 0.4 & 0.05. In the same 
room and a t  the same relative humidity, the 
aerosol particles have been carefully mixed 
with the liquids in vials. Then, the vials have 
been closed with a cut stopper and left alone 
for some hours. After this, the aerosol particles 
in the liquids have been dispersed. The volume 
concentrations of the dispersions have always 
been about lo-*. 

The liquids have been water, immersion oil, 
bromic benzol and monobromic naphtalene. 
Adverse chemical reactions between the aerosol 
particles and these liquids are not to be expected. 
The systems of aerosol particles and these liquids 
are volume additive except for about 5-10-a %. 

(c )  Meaaurements with the ABBE refractometer 
The real parts of the refractive indices of 

the systems nls and n;, and for the mere liquids 
n, and n; have been measured with an ABBE 
refractometer with monochromatic light of 
0.589 p wavelength a t  a temperature of 23°C. 

It is feasible to reach a measuring accuracy 
of l - l O - '  for the real part of the refractive 
index with the ABBE refractometer. In order 
to guarantee this measuring accuracy, varia- 
tions of the measuring temperature of only up 
to 0.1"C were admissible because of the great 
thermal dispersion of the refractive indices 
of the organic liquids which were used. This 
requirement has been fulfilled at all the measure- 
ments. 

C. RESULTS OF THE MEASUREMENTS 

In Table 1 the results of nine measurements 
of the real part of the mean refractive index 
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Table 1. Real part n of mean refractive index and mean density e of samples of atmospheric aerosol- 
particles at relative humidity fo  - 0.4 * 0.05, temperature 23°C and monochromatic light of 

wavelength 0.589 p 

No. of Sampling- e 
sample Calendar date time, h n (g em-? 

1966 
1 18-22 Jan. 94 1.58 k 0.02 3.4 k 1.0 
2 3-12 May 219 1.54k0.015 2.2 k 0.3 
3 12-17 May 115 1.50k0.015 1.8k0.4 
4 17-20 and 23-24 May 95 1.63 k 0.03 2.8 k 0.7 
5 6-10 June 97 1.62 k 0.035 3.3 k 0.8 
6 30 June-5 July 115 1.63k0.02 3.4 * 0.7 
7 27 Aug.-2 Sept. 95 1.54 k 0.015 2.0k0.4 
8 8-9 Sept. 31 1.5450.03 2.5 k 0.9 
9 9-14 Sept. 112 1.55 k0.015 2.4? 0.4 

and the mean density of samples of aerosol 
particles are summarized. The arithmetic 
means of these measurements are 1.57 for the 
real part of the mean refractive index and 2.7 
g cm-S for the mean density. The measuring 
errors are 1-2 % for the real part of the mean 
refractive index and 15-30 % for the mean 
density. Thus, this measuring method is more 
qualified for measuring the real part of the 
mean refractive index than the mean density. 

It has been estimated that the systematic 
errors can reach the magnitude of the measuring 
errors. 

According to Table 1 it takes about 1-9 days 
until a quantity of 10-20 mg aerosol particles 
is collected which is required for the meaure- 
ments. Due to these long collection times it is 
not possible to give a meteorological explana- 
tion of the results. Furthermore, the number 
of measurements is too limited for making 
general statements on the real part of the mean 
complex refractive index and the mean density 
of samples of aerosol particles a t  Mainz. 

Volume V, real part n of the mean com- 
plex refractive index and density e of sam- 
ples of aerosol particles as functions of the 
relative humidity 

Atmospheric aerosol particles partly consist 
of hygroscopic material. Therefore, they absorb 
moisture from the air in case of increasing 
relative humidity and they dispose of moisture 
in case of decreasing relative humidity. Hence, 
ehanges in the relative humidity result in changes 

of the chemical constitution of the aerosol 
particles. Therefore their mass, their volume, 
the real part of their mean refractive index 
and their mean density change with relative 
humidity. 

A. A FORMULA FOR THE MASS OF A SAMPLE OF 

AEROSOL PARTICLES AS A FUNCTION OF THE 

RELATIVE HUMIDITY 

According to McDonald [9], a modification 
of Raoult’s law can be given for electrolytical 
solutions in the following form: 

where f is the equilibrium relative humidity 
over the electrolytical solution, M ,  is the 
molecular weight of the salt, M ,  is the molecu- 
lar weight of the water, m, is the mass of the 
solute salt, m, is the mass of the water a n d i  
is van’t Hoff’s factor. Generally, i is known 
to be a function of the solute concentration, 
however, it also can be determined as a function 
of the relative humidity because m,/m, and f 
are unequivocally linked to each other. Ac- 
cording to the interpretation of Raoult’s law, 
i can be conceived as the quotient of the number 
of the seeming solute ions in the solution to the 
number of solute salt molecules; it must be 
determined by individual measurements for 
each salt or combination of salts resp. 

For simplifying the modification of Raoult’s 
law a coefficient of mass increase is defined by 
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After a slight rearrangement, the law then 
reads: 

f 5 = ps(f)- .  
mS 1 - f  

It can be assumed that the major part of 
the dry hygroscopic matter of the samples 
of aerosol particles consists of salts [7]. There- 
fore, it appears appropriate to define a function 
for the mass of water taken up by a sample of 
aerosol particles, which has the same form as 
the equation (1 1): 

where mw(f )  is the mass of the water taken up 
by the sample of the aerosol particles at the 
relative humidity f ,  mh is the mass of the hygro- 
scopic matter in dry state and ph(f) is called the 
coefficient of mass increase of the hygroscopic 
matter. In most cases, the maw mh of the dry 
hygroscopic matter of a sample of aerosol 
particles is unknown and the mass m, of the 
dry sample of aerosol particles is known. There- 
fore, it is efficient to multiply the equation (12) 
with mh and to divide it by m,. Hence 

mh By defining p ( f )  =ph(f )  - 
m0 

the equation (13) is transformed into 

mw(f)/mO is the relative mass increase of a 
sample of aerosol particles referred to the dry 
mass m,; p(f )  is the coefficient of mass increase 
of this sample. 

The equation (14), which defines the coeffi- 
cient of mass increase, shows that the amount 
of water taken in by the sample of aerosol 
particles depends on the chemical structure of 
the hygroscopic matter, and furthermore, that 
it  is directly proportional to tha m w  ratio 
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of the dry hygroscopic matter to the total dry 
matter. Moreover, the equation (14) shows that 
the physical properties of the hygroscopic 
matter which are characterized by ph( f ) ,  are 
also included in p ( f ) ,  became mh/mo is a spe- 
cific constant for each individual sample of 
aerosol particles. Unfortunately, ph(f)  and 
thus also p ( f )  include the capillary influen- 
ces occurring in the space between the solid 
constituents of the sample of the aerosol par- 
ticles except for very high relative humidities. 
These influences always effect an increase in 
the maw of the water taken up by the sample. 
The amount of this increase cannot be deter- 
mined exactly, in case of decreasing relative 
humidity it might be different from that in 
case of increasing relative humidity. Due to the 
well known supersaturation effects in saltwater 
[8, 111 it is to be expected that below a specific 
threshold value of relative humidity which 
depends on the chemical composition of the 
hygroscopic substance, p ( f )  is greater in caae 
of decreasing than of increasing relative humi- 
dity, Winkler [13] found in his measurements 
that p(f )  was greater in case of decreasing than 
of increasing relative humidity; however, the 
amounts were different in the individual 
samples of aerosol particles. 

The total maw of a moist sample of aerosol 
particles is 

m(f) = mw(f) +mo. (16) 

Hence, the relative mass of a sample of aerosol 
particles referring to m, is expressed as 

B. FORMULAE FOR TEE VOLUME v, THE REAL 

PART n OF THE MEAN COMPLEX REFRACTIVE IN- 

DEX AND THE MEAN DENSITY @ OF A SAMTLE O F  

AEROSOL PARTICLES AS FUNCTIONS OB THE RE- 

LATIVE HUMIDITY 

The derivation of the functiom V =  V ( f ) ,  
n -n(f) and @ =e(f) is based upon the assump- 
tion that volume additivity of samples of 
atmospheric aerosol particles is fulfilled at all 
relative humidities. Hence 

V = X  v,. 
1 

According to the present knowledge of the 
behavior of the salts in samples of aerosol 
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particles this prerequisite is fulfilled for V 
except for 1-2 %. 

The volume V = V(f) 
The equation (15) which has been given for 

the relative mass increase can be transferred 
into a formula for the relative volume increase, 
which reads 

Vw(f)  =m,(f)/e, is the volume of water con- 
densed on the sample and V ,  =moleo is the 
volume of the dry matter of the sample of 
aerosol particles. 

For simplifying the equation (19), the coeffi- 
cient of volume increase is defined as 

d f  1 = Af) @ . (20) 

Since eo/ew is a constant for each sample, the 
reflections which have been made on p(f) also 
hold for ~ ( f ) .  Because it is assumed that the 
prerequisite of volume additivity is fulfilled, 
the volume of the moist sample of aerosol 
particles is expressed as 

ew 

Then the formula for the relative volume of 
the sample of aerosol particles referring to 8, 
is obtained as a function of the relative humi- 
dity. 

The real part n =n(f )  of the mean complex 
refractive index 

The following derivation is based upon the 
formula (2). Due to the volume additivity of 
the sample of aerosol particles the sum on the 
right side of this equation can be converted 
into a sum of two terms for simplification. The 
first term covers the water suspended in the 
sample, the second term covers the dry matter 
of the aerosol particles. We then obtain 

2 Vini  = Vwn, + Vono. (23) 
I 

n ,  = 1.33 (in light of the wavelength 0.589 p )  
is the real part of the refractive index for water 
and no is the real part of the mean refractive 
index of the dry matter of the sample of aerosol 

particles. Using the equations (21) and (23) 
the equation (2) is transformed into 

n(f) =nw + (no -nw)  ~. " 0  

V(f)  

By substitution with the help of the equation 
(22) the formula for the real part of the mean 
complex refractive index is obtained as a func- 
tion of the realtive humidity. 

(25) 
no-nw 

+ 1 +q(f ) f / l  - f '  

The mean density e = e(f) 
The mean density of a sample of aerosol 

particles is defined by 

Since the investigation is restricted to samples 
which fulfill the prerequisite of volume additi- 
vity, the equations (17 ) ,  (20) and (22) together 
can be used for substitution in this definition. 
Then the formula for the mean density of 
samples of atmospheric aerosol particles is 
immediately obtained as a function of the rela- 
tive humidity. 

The equations (22), (25) and (27) are the 
new formulae for the volume, the real part of 
the mean complex refractive index and the mean 
density of samples of aerosol particles aa func- 
tions of the relative humidity. The unknown 
quantities in these formulae are only the coef- 
ficient of volume increase together with the 
volume, the real part of the mean refractive 
index or the mean density resp. of the dry 
matter. Each of these three formulae can be 
transformed easily into a more general form 
with the volume, the real part of the mean 
refractive index or the mean density resp. at 
any relative humidity. 

C. COMPUTATIONS FOR THE SAMPLES OF AEROSOL 

PARTICLES No. 5 AND No. 6 OF TABLE 1 
The following computations of the functions 

V(f)/V,, n(f) and e(f) are based upon measure- 
ments of the relative mass increase wa,(j)/mo 
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by Winkler, [13], the measurements of %(fa) 
and e(fo) by the author and the formulae derived 
in the two previous sections. Winkler's measure- 
ments are summarized in Table 2. The relative 
maas increaaes which are given in this table for 
the samples No. 5 and No. 6 are arithmetic 
means of 5 or 3 measurements each. These 
measurements have been taken while the 
eample No. 5 and No. 6 were being collected. 
The values given in the table are valid for 
increasing relative humidity. The measurements 
taken for decreming relative humidity have not 
been evaluated since they were too sparse. 

According to the formula (15) the relative 
mass increase and the relative humidity are 
correlated by the coefficient of mass increase 
alone. Therefore, coefficients of maas increase 
have been computed for the samples No. 5 and 
No. 6. They are listed together with measuring 
errors in Table 3. Their values vary between 
0.126 and 0.149 together with those of their 
errors between 6 % and 15%. Thus, the nu- 
merical values of mw/mo as functions of f are 
known for these two samples with errors ranging 
between 6 % and 15 %. 

Apparently, for both these samples the 
coefficients of maas increase are constant within 
the range of measuring accuracy. But the evalu- 
ation of some more measurements has proved 
that this is not a general conclusion. However, 
it can be seen from computations that in case 
of small values of ,u it may be assumed 
p =p( f  =0.9) =const. without causing great 
errors in m(f)lmo (not in mwlmo). 

For computing V( f ) /V , ,  n ( f )  and e ( f )  from the 
measurements, the equations (22), (25) and (27) 
are transformed with the help of the equations 

Table 2. Relative m m s  increaae mw/mo for dif-  
ferent relative humidities at room temperaturea 

f Sample No. 5 Sample No. 6 

0.925 kO.01 

0.85 kO.01 
0.80 fO.01 
0.76 20.01 
0.70 + O . O l  
0.66 20.01 
0.60 kO.01 
0.40 f O . 0 1  

0.90 kO.01 
1.68 21 % 
1.29 f 1  
0.842 f 1 
0.666 k 1 
0.438 f 1 
0.348 f 1 
0.268 2 

0.084 & 3 
0.202 2 3 

1.77 21 % 
1.29 f 1  
0.738 If: 2 
0.624 f 2 
0.394 k 2 
0.306 2 3 
0.244 k 4 
0.200 2 5 
0.087 k 6 

Table 3. Coefficient of mass increase ,u aa a fum- 
tion of reladive humidity f 

,u 

f Sample No. 5 

0.926 
0.90 
0.86 
0.80 
0.75 
0.70 
0.65 
0.80 
0.40 

0.134 f 16 % 
0.143+12 
0.148f 9 
0.1412 7 
0.146k 6 
0.149f 8 
0.139f 6 
0.1352 7 
0.125f 7 

Sample No. 6 

0.143 2 16 % 
0.144 k 12 
0.130 f 10 
0.131f 8 
0.131+ 7 
0.1312 8 
0.132f 8 
0.133k 9 
0.130 k 10 

(15) and (20) in such a way that they comprise 
only measured quantities: 

d f . l  -n.. 

(30) 

The computational results are presented in 
the Figs. 1 ,2  and 3. They show: 
1. At f =0.9, the volumes of both the samples 

are about 6.5 times those of the dry consti- 
tuents. 

2. Both the samples prove that the real part 
of the mean refractive index as well as the 
mean density are nearly linear functions of 
the relative humidity, the former ranging 
between 1.33 and about 1.7 and the latter 
between 1 g em-* and about 4 g em-'. 

The numerical value n = 1.5 of the real part 
of the mean refractive index upon which 
Bullrich [2] based his computations becomes 
fact by both the samples of aerosol particles at 
relative humidities between 0.65 and 0.76. 
The measured results of n -1.5 for relative 
humidities between 0.5 and 0.6 and n -1.44 
for relative humidities between 0.8 and 0.9 
which Eiden [4] found for the real pa& of the 
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Fig. 1. Relative volume V ( f ) / V ,  as function of 
relative humidity f (eq. (28)). 
Fig. 2. Real part n(f) of the mean refractive index 
as function of relative humidity f (eq. (29)). 
Fig. 3. Mean density e(f) as function of relative 
humidity f (eq. (30)). 

mean refractive indices are in good agreement 
with the computations presented in this paper. 
Eiden based on measurements of the elliptic 
polarization of light scattered by aerosol 
particles in a volume of atmospheric air. These 
measurements have been taken in weather 
situations which were characterized by high 
concentrations of aerosol particles. It must be 
emphasized that neither the above computatio- 
nal results nor Eiden’s measured results can 
be accepted generally because the chemical 
composition of the aerosol particles varies with 
time and space. They can be taken only as a 
hint for the range which might be expected 
for the variation of the real part of the mean 
refractive index and the mean density as 
functions of the relative humidity. Up to now, 
any estimate of this range was mere speculation. 

Outlook 

The future planning includes the improve- 
ment of the collection method to reduce the 
sampling time and the accomplishment of 
serial investigation a t  Mainz and other locations. 
These serial measurements should be carried 
out at  different wavelengths of light and dif- 
ferent size groups of the aerosol particles. 

Eiden [4] has not only measured the real 
part of the mean refractive index but also its 
imaginary part, i.e. the mean absorptive index. 
He found a decrease in the mean absorptive 
index with increasing relative humidity. It is 
easy to derive a formula for the mean absorp- 
tive index of samples of aerosol particles as a 
function of the relative humidity, because the 
optics of absorbing media can be derived from 
the optics of transmissive media by substituting 
the real refractive index by the complex 
refractive index n, =n  - ik .  Then the formula 
for k =k(f )  is analogous to that for n =n(f ) ,  
namely 

k ( f )  and k, are the mean absorptive indices 
of the moist and the dry sample of aerosol 
particles resp., k ,  is the absorptive index 
of water. Since in most cases k, is negligible in 
the visible, the formula (31) indicates that 
considerable variation of the absorptive index 
of a sample of aerosol particles with the relative 
humidity can be expected. It appears worth 
while studying this phenomenon more thor- 
oughly in view of the computation of the 
spectral extinction of the solar radiation in the 
atmosphere aa well as the physical explanation 
of its measurements in order to solve some 
problems related with it [3]. 
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