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A turbulent convection theory of radar angels
D. B. RA1

.1/ eleomloyical OjJiCf' l l\'('1/' DelI,i

(/lee-'ired 11 J annary 1961)

AU:STHACT . Th .., problem of back-ecat tcrlng from ill\·i siblt·aIJllOl<ph(·ri(·t-4't1n"t·~ and the nea r ZOIll. .' ('UOCl' P"

pu t forward by Atl as an' fl, ,-j"'Wt'( l in rela ti on 10 som e angcb ohN 'fwd at nomlJ.U~· am! X"''W DI.' IhLlt is ~('l 'n th at
the near 7.OIIt' <"'OIIl't ' Jl I ill nut a pplica ble to t b t 'M' l '<I/'It' II. 1t ie Ldi"'\"l'tl tha t a la rger radar erose.sect ion ca n be-obtained
in the (Itor zone Clu e hJo' allti ulllill~ a cyl ind rical model of t hr atmoe pbcric eddies. Sueh eddie» n Ul) " occur in a
region o f t urbuloue convection. These a ir pa rce ls co nsie t ieg IIf bouiogceeous refractive med ium can he treated as
u nite fur bsck-sce tt cei ng treat ment an d may y ield a conside rably larger cro ss.section . A nu mber of angels ob
se rved 011 PP I and IU :t a re ex pla ined 0 11 this m od el. "Angel hamill' OhM'rvMI on Rt;I at Delhi are fo und to be
assoeiated with m oist IA)'oprll at co rresponding heigh t s. Some perticu lerty i nh'I1MC ech oes observed a ll IJpI a t
Bombay art' a ttrib u ted to the probable cxtstonce of a hf'f"a k in t he inversion leyr- r over the coaetal rcglon from
which th e ra dar wa n '" art" p redom inantl y ece t tcred to wa rds It·... and the corruga ted M 'B sur face in tum back
scettc re Il U ffi (·jt" lI t energy to roach the rece iver .

1. Introduclion

Hada r echoes from a pparen tly invisible
sources have cla imed considerable inte rest
du ring th e past few years. Th e source is in
a ll probability the at mosphere t hough on
th e basis nft he existing back-sca t te r theory ,
th e grad ient of refract ive index needed to
ex pla in th ese echoes, pa rt icularly in the
micrn wnve regio n, fa r exceeds the largest
ob ser ved HO far. TJI C ma in pro blem there
fore, hus been to inves tigat e t he posaihility
of obta ining t he req uired hack -scatteri ng
without ha ving to assume phcnomenully
la rge refract ive grml i t~ nts , A particularly
elegant attempt in th is d irect ion hus been
made by Atlas ( 1960) wherein the scattering
surfac es a re assumed to he sections of spheres
with radii of curva t ure grea ter than d ie
rad ar range so as to be near zone uases. Th e
surfaces need he on ly large eno ugh to
include a small number of Fresn el zones.
a ll th e. basis of th is th eory many of the 01>
servat ions (particu la rly t hose of Atlas and
P lank) arc explained with gradie nts which,
a lthoug h large, may reasonably be expected
to occur in t he at mosp here , However Atla :-: '
theory as he himself has rema rked , is not
abl e to account for manv ot he r obse rvations.
T he an gel:' explained by·t his theorj- are t hose
observed either wit h vert ically pointin g or
fixed horizonta l beams at compara t ively

short ran ges. ..\t ran ges of t he orde r of 50 kr»,
in orde r to he 3 near lone problem the sphcri
ca l surface has to be essent ially a pla ne.
'F urt her, for ang les of incidence othe r th an
norma l, t he F resnel zones will he ellip:wK
ruth er t han oiroles , with th e eccentricity
illcrea-sing as t he {leviat ion from norm al
increases. If t.he zones are inclined a t large
a ngles with t he directi on of prupagut icu
the a mplit ude of excit ati on will not he cons
tun t hu t V~lfY markedly over a zone SO th at.
the cont ribut ion of success ive"zones ca m-el
ling a nd leavi ng that of th e first F resnel
zone a lone as the resul tan t intensi ty ca nnot
be imp lieitly assumed , With tho eccentricity
of the zones increasing, contr ibut ion from
th e higher orde r zones, pa rti cular ly alon g
t he minor nxis of t he ellipses would have to
be considered ,

With the ange la obse rved 011 1'1'1,
the d ifficulty becomes all the more ac ute.
It is rathe r difficult to visual ize la rge eddies
or vapour sheaths with plane sides, us t hey
have to he if they are to be t reated as near
zone C3H(>1'l at 50-inll range. Agai n , except i ll

associa tion wit h sea breeze, the re is no pa rti 
cular ju stification in ass umi ng th e \'apour
sheat hs to he oriented alway. normal to t he
radar beam. .A good number of 3u:!els observ
ed on t he PPJ scope (Ligda and Bigler 1958:
Bigler 1959; Hai 1959, 1960, 1961) ca nnot
















