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ABSTRACT

1. Introduction

Air pollution can be quantified from attenuation of a electro-
magnetic wave which propagates through air. Many experimenis using
the transmission method have been reported. In the transmission
method the transmitter and the receiver are located on a straight
line and between them attenuation is measured. Air pollution is
known to have various particle-size distributions Nr. Attenuation
is therefore affected greatly by Nr. 1In this paper water droplets
which are components of rain, fog, and clouds are chiefly consider-
ed, As a result it is found that Nr must be taken into considera-
tion as one of main causes of the change of attenuation and that
the fittest frequency must be needed to quantify air pollution
accurately.
2. Theory

Attenuation & in dB/Km is given by

R &
*(R) = 0.4343[ J NCLR)-Qem A, T drdR
0

where N(r,R) is particle-size distribution at a path length of R
from the transmitter, and Q(m,x,r) is the extinction cross section
of a particle with a radius of r and refractive index of m for the
electromagnetic wave at a wavelength of A

The refractive index m can be approximately calculated from
the theory by<gégge~prgyided that a particle is dielectric, but in

the light region it is not valid. So the values of m used in this
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calculation are the ones by M.Centeno and L.D.Kislouskii. It is
known that the imaginary part of m is important in the laser rader
method but that it is unimportant in the transmission method,

On the other hand, Nr must bé known in order to calculate o.
Nr for rain, fog and clouds are represented in various models,
For example, The equation,of Nr for rain and the one for fog and
clouds by Zuyev are given by

Nrcr) = A-1087¢"

and

i

Fawrty - T (1Y) €747

respectively, where A,B,C,u and a are constants, and T=r/a, XNr

Nrr)

is represented in three models in this paper. They are denoted

min mid

by Nr™P) wr max

y and Nr which are particle-size distributions
when T is small, widdle, and large respectively, where T is the
value of r at which Nr has a maximum, The relation between L
and water vapor measured is shown in Fig.1l, in which it is apparent
that Nrmin and Np™&X give limitations to the range of real particle
size distributions and that for a given water vapor r, varies to
a great extent. The calculation of & is therefore very uncertain
if Nr is selected unjustly. For example, results of calculations
for each Nr when water vapor is 20 mg/m3 are shown in Table 1,
2. Existence of the fittest frequency

It is apprant from Table 1 that & is greatly dependent on Nr
at a frequency., So it is desirable to use the frequency most
independent on Nr. In order to set the fittest frequency & is
calculate¢ for each Nr and thend_ /o

max’ “min

shown in Fig.2 with a few experimental data, If o(ma_x/o(min

nearly equal to 1, & may be sot accurately without Nr being taken

is calculated., It is

is

into consideration.

It is concluded from Fig.2 that 002 Laser 1s desirable in the

transmigésion method.



Water Vapor |\ A _in_dB/km
fn_mg/m __|He-Nelaser| Xe Laser | CO; Laser
ro 53 17 14
20 NP | 20 13 12
Ne™ 7 1 3

Table 1, Attenuation calculated for each Nr.
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Fig.1. Relation between rm and waler vapor
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