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ABSTRACT -

Roinfall in India considerably attenuates the Radar
Waves in 3 ¢m. band. The decrease in the target range
of an-air foree radar has been estimated for the type of
rainfall common in most parts of India and a comparison
is made between ranges obtained in 3 & 5 cm. bands, It .
is suggested that an all weather or reconnaissance radar
working in the X-band will be very unsatisfactory during
monsoons in India. _ , ’

Introduction

The performance of radars is considerably affected in X and K bands by
intervening rain which causes attenuation?, distortion and shadowing of distant
targets by nearby precipitation echoes. A front line of showers in India very
often involves the passage of a radar beam through several hundred mm-hr-1
miles of rain which is quite strong to render 3 cm Radar equipment practically
inoperative. Attenuation of radar waves by different intensities of rain in India,
© from the data available from the Indian Meteorological Department, has been
calculated for different wave lengths and decrease in the target range of AN/
APB-10 Radar is estimated. A comparison is made between ranges obtained in
3 and 5 cm bands for different rain intensities and it is pointed out that an all
weather search or reconnaissance radar working in the X-band will be very
unsatisfactory during monsoons in India. -

Attenuation by Water Drops

Fundamental theoretical calculations of absorption and scattering of Radio
waves in microwave region by rain drops have been carried out by Ryde and
Ryde and Laws and Parsons®, The total attenuation suffered by the radar
wave depends upon A, the wavelength, the drop diameter D, the complex
dielectric constant of water, and the temperature, ,

The classification of the intensity of rainfall adopted by the Indian Meteoro-
logical Department is different from the one adopted by Humphreys® because
of the heavier intensities of rainfall in India for varying intervals of time. Some
measurements on the raindrop terminal velocities for these intensities of rainfall
common in India have been carried out and the droplet concentration N and
the average diameter D have been estimated on the results of Bestt as given
in Table No. I. No experimental measurements on the actual sizes of drops and
their distribution with altitude have yet been reported in this country, The
type of rain and precipitation intensities in mm per hour usually encountered
in this country is given in Table 1. The scattering drops of average diameter are
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wssumed to be dlstrlbut,ed ab ra.ndom a.nd eﬂ'ect of varlamons in drop sizes are
neglected.
. Tasig.I.

Gmcles qf Ramfall n : Indm o

Precipita- | Mean Mass of | No. of drop-

Type of Rain = ~tion | diameter | liquid. |lets per cubic
S | intensity | in cm: (D) water per| cm (N)
'mm/Hr | " | cubic

‘ - | 'meterin |.

) |  gms. (M)
Drizzle S 0-25 | 0-02 0:093 | 2-2x 102
Lightrain .. .. .12 | 0-002. 1.3 | 34103
Moderate rain . . ... 30 0-165 1-6 7-3x104
Heavy Rain . - 50 0-183 2-3 7-6x107,
Excessive ra.in . .. 125 0-5 9:-2 1'-4><10'4

The a.ttenuatmn in dec1be1s per unit length of path of microwave beam duej
to ram drops is giyen by the expressmnl :

Wh,eré o= -, D is the d1a.meter of the droplet

- N = number of droplets/om3
and Cl, Cz, C, are functions of the real and i 1magma:cy components of the
v complex dielectric censtant  §={"—it" of water. -

~ The values of ¢’ and ¢" and other oonstants of Wa.t;er have been taken from
Saxtons® measurements.

" In the case of fogs and clouds composed of fine 11qu1d water droplets whose
diameter does not exceed 0+01 cm, the contribution of terms C, and C; is negli-
gible and the expressuon reduees to ; .

M
db i = 47093015

where M—108x T & >< ND3 is the mass concentratlon of dxoplets in gm per :

cubm meter of air and pi is the density of water,

Attenuationm Range o -

Attenuation due to various intensities of rainfall and fog in Indla for
different radar wavelengths has been caleulated and is shown in Fig: 1! The -
attenuation: by rain of wavelengths 10 cmh. and above is negligible. For 3-cm.,
in case of heavy rainfall, the attenuation is appreciable and for lower wavelength
even moderate rain will completely attenuate the beam. For short wavelengths
echoes from rain mask, the echo from the target, and ranging is obscured by the
shadows and the recewPr saturation, -
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The decrease in range in AN/APS-10 radar for a moderate rainfall of 30 mm
hr-* has been calculated for varying depth of rain and is shown in Fig. 2, and

ALTENUATION OF RADAR WAVES DUE TO DIFFERENT GAADES

the same is compared for the same radar on a wavelength of 5 cms. For a rain

“depth of 5 miles in heavy rainfall, the decrease in range is 3039, for 3 cm and
7+4% at 5 cm, For moderate rain the figures are 209, and 49, for the two wave-
lengths respectively, The range calculated are for the minmum detectable
power of the receiver for these two wavelengths for a point target of known area
of cross-section. Attenuation of the atmospheric gases has been neglected.

It is seen that the range of a 3 cm radar is very much reduced in the moderate *
to heavy rains in India. For search and reconnaissance purposes, an ;

all weather radar working in 5 em. band is perhaps more desirable, It is also
likely to be more useful for meteorological investigations, than the existing
equipment in use, - '
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