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ABSTRACT. A now type «f well mark ed rad ar ang clfl often having che rac te riet !c wan ' at ruct urc Ita"
been frequently obse rved on the P.P.I. scope of B S-cm rad ar based at Bombay. ObM.·rTatiom OVPt a period of
fifteen month" bavo been analysed. The echoes are observed in t ho late afte rnoons and u ri)' night hours only
d uring t he mont h! ~(&rch-)[ay. the activity roaching it a pee k in t he month of April .Tht·), a re mOllt p rominen t
un da ,)'M with mar ked ly hig h tem pera t ures .The poeeibifity of t hf'A(' echoes being caused b)' back-ecett ertng front
hori aont ally et .rut .ified layer containing V(ll')' shar p refract tvo index gredicnte , j M d i...(' t11'lM('(1. The wav« strueturo of
the echoes ie a.ttributed to the ex istence of shear -grav ity waves in th e etrat ified layer,

1. Introduction

I n recent years a large number of angel
observations have been reported from differ
ent places. The echoes have been obtained
at wavelengrlis as low as .86 em and a...
high as 23 ern, Plank (1 956) has summarised
t he available information regard ing angels
and has examined the angel-meteorology
corre lation giving also an eccc unt of different
theories put forward to explain th ese echoes.
A number of other observat ions have aubse
qnenUy been report ed (E lder 1957, Harper
et al. 1957, Atla.< 1959) wi t h snAAcstions
regard ing t he possible sources . Quite recent ly
J ones (1958) has qnantitatively exami ned t he
possibility of some of these echoes being
caused by refractive inhomogenieties in the
lower atm o....phere.

During the year 1958-59, part icular ly
well-ma rked angel echoes, often having
characteristic wave struct ure, were frequ
ently observed 0 11t he P.P.I. scupe of a 3-cm
radar based at Bombay. Observat ions during
t he period March-May 1958 had been reported
by th e au thor earlier in a preliminary st udy
(Rai 1959). The form and natu re of the
echoes are such Ulat the birds-insects hypo
thesis has to be rejected . The geography of
the area excludes t he possibility of reflections
from ground objects via some atm ospheric
inhomogenieties. Some of these angel obser
vation. are presented here and t he possibility
of th ese echoes being cau sed hy back-

scat teri ng from at mospherio layers contain,
i n~ refractive inhomogenioties discussed,

2. Observations

The radar set uti lised for t he....e observations
is Decca type dl st urm detcutiug rad ar . The
set churucte risties are given in Table 1. The
radar IUl..s got provision for P.P.I. display
only and the aer ial is capable of being tilted
from two df'gr('cs below t he horizont al to
twelve degrees above. The ange ls were
mostly observed at 0 to 2° ti lt an gles, th ough
Oil some oc....-asion.... the echoes persisted even
upto 4° ti lt.

f' hc b~}l~raphicc'l. 1 locat ion of the radar is
such t hat the coast line is only t wo miles to
the west running roughly north to south.
The echoes arc obtained exclusively from
west. at ranges 20 to -10 miles, ranges near ~()

being more frequent . Table :! gives t-he
details of angels observed during' th e per iod
March l!l58 to May 1959. Although the radar
was opera ted at regular inte rvals the..se
echoes were 1I0 t. observed 0 11 ot her days, The
a l'pea ranct.· of t he echoes exclusively during
the period Febl'll&l'y-nfay is conspicuous.
The observations 3 11'\0 show n un iquely
preferred t ime, riz., late afternoon although
on one occasion t he echoes appeared as early
a., 1140 IS'I' and pe rsisted till 20:30 1ST. The
echoes are genera lly coherent in nature ant )
ofte n have wavy appearance. At least the




















