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AllSTHAGT. "Angela" , observed nenr Bom bay during the past four yenre , with the x-cm Wf'l\thf'r
Radar, are studied in lhiM)lJlper. It i~ seen thut the d istance of the zone of unget ectl viry from the ('01\14
iii Influenced by tho surface pressure and to n lesser extent h)· the eurfece temperature on land. It h r..~

been euggceted that the regiunM of 11I rJl:c refrucri ve index gradientil , for med by the eubeidence of dr.,
Ilk to the lower moist le vels in the sea b reeze circulation, might 1)(1' nn e nge l sou rce.
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1. Introduction

Angels, the radar echoes from the regions
of atmosphere apparently devoid of any par
t iculato matter, are well known phenomena.
Friend (1940) first observed such echoes
and later a number of investigators who
studied this phenomenon at t ributed the same
to birds or to insect swarms. But this ex
planation had to be abandoned in the light
of furth er investigations, which conclusively
revealed that not all such oehoes, conld be
due to birds and insects. The problem of
enhancement of the radar cross-sections of
the regions of the atmosphere from whieh
these echoes arise, has been tackled
only with limited successand it is now belie
ved that the enhancement of the scattering
cross-sect icns may be due to the presenee of
sharp refractive index gradient" (not
easily measurable on account of the limited
resolving power of the available rcfracto
meters), over areas which may be large
enough only to contain a few Fresnel Zon es
appropriate to the wavelength in use (Atlaa
1960). Rai (1959, 1960) has studied the
angels observed near Bombay. He bas
discussed the possibility of these echoes
being due to sharp refractive index gradients
oceurring in either " huge number of eddies
in the sea-breeze front or in the horizontally
st ratified layers. The observed movement
of the angels has been tentatively ascribed

by Rni to the existence of shear-gravity
waves in the stratified layers. The angel
observations colleeted during the last four
years' routine operation of the 3-em radar"
at Bombay have been studied in the present
paper and a few interesting cases such as
angels very near the coast , angels far away
from the coast, angels occurring as an echo
band oriented almost orthogonal to the coast
ete have also been briefly presented. TIle
distance of the zone of angel activity has been
studied in relation to the surface pressure
and the surface temperature on land .~ The
location of the angel act ivity zone has also
been examined in relation to the wind direc
tion at the radar site. From these, the sea
breeze circulation would appear to be mainly
responsible for the formation of regions of
sharp refractive index discontinuities which
may serve as angel sources.

2. ObservatloDs

The angel echoes are generally observed
to the west of Bombay coast (Fig. 1) during
the period Oetober to April or May. The
layer of the angel activity is confined to a
height upto 5000 ft above sea level. It may
be mentioned here that these echoes are not
observed along or to east of the coast. The
echoes mainly occur 011 the warmer days in
the afternoon and sometimes continue till
late evening or night . Their intensity, shape,
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