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In meny problems of radio-
physica one has to consider.fo-
cusing of the radiation whose
phase and/or amplitude are ran-
dom.Here we discuss the case of
strong phase fluctuations ({(¥»l,
the angular brackets { )denote
the ensemble average).Unlike
the prior treatmentsa®)the focu-
sing structures can possess ar-
bitrarily great aberrations.
Such a situation is met,for in-
‘stance,when focusing occurs in
natural media like the karth's
ionosphere3the solar corona$etc.

If the observation point
#(,Y,2) is far enough from the
focusing structure we can write
for the fieldu(F) (using the Hu-
ygens principle): dF )
)= t-fuo exphikyrigs RS ©
Here k is the wavenumber, U.(R')
the field amplitude in the aper-
ture of the focusing structure
(over which the integration is
carried out), kX(*") and ¥(*)stand
regspectively for the vregular
and the random phase in the
aperture,{8)=0 .We aim at deri-
ving simple expressions for the
average intensity of the radia-
tion J(PF)l=u®u*(F)y (the asterisk®
means the complex conjugate)and
the field correlation function
KulR, R)={u@urin.

In the Fresnel approximati-
on we obtain from (1

1(F)=W‘¥jwwmexp9%*z[ﬂ<,(ﬂF‘l}m
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The random phase is assumed nor-
mally distributed and unifomm,
so_that K¢(F,*") depends on@ef-7*
only.Since the magnitude of (@)
is great,Ky and Y can be ex~

panded in powers of ftand § to
quadratic terms.To negleéct the
higher-order tem;z IE( ne)ed ©L
1 0,0

» 63, with (Giy=5p% % being
the mean squares of The arrival
angles and ©,~the diffraction
angle,If the most rapidly chan-
ging factor remained after the
expansion in t(e egrand of
Eq.2 isexpl-k¥| I{ 9?1, then the
limits for G, f,can be extended
toco and the integration yields

1Pl e Lo i dpda

For simplicity's sake we set

(93).-.(9,):(9'%. £quation 3 is a

formulation of the Huygens prin-
ciple for the incoherent radia-
tion.It implies that the observ-~
ed intensity is made up of con-
tributions from all the apertu-
re elements weighed by exp(-¥%eY).

The angle W=‘jr~§r(aq}"%ﬁs‘9(gq}‘*z&]z

is that between the average wa~
vefront normal at (R Q) (average
ray) and the line of sight from
Py, to (RQ).Such a descripti-
on corresponds to geometrical
optics,

v Equation 3 provides for fi-
nite values of I(¥) at any obser-
vation point,including caustic
surfaces or foci.Diffractive
spread. of the focal spot is re-
placed by that due to fluctua-

¥)There exists vast literatu-
re dedicated to statistical pro-
perties of the wave field in 2
the focal plane of a lemse(cfh%)
statistical antenna theory3iand
other similar problems.
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tions.However, the limits of va-
lidity of Eq.3 s8till need consi-

deration.Retaining terms of the
order exp(~
Eq.2,0ne
I=I(). e
The second term is avpure dif-
fractive" intensity distribution
i.e.the coherent part thereof.
Now,the condition for the vali-
dity of Eq.3 i8 Jcoh.<< Jincoks
which,together with(e?)» ©%,1le-
ads to the double inequality
i« <oY6lcexpcs™,

‘_;pe correlation function
K(#,©%) can be calculated in a
similar manner.For example,the
trﬁ;fverﬂs corgela:ion( ie.
Zy=Z,=const) is described by

Lz o2 oy explildxooxeYoay)
Kulfy2 )= REETH =,

can obte

Eest) |jui(:'1‘°‘ P o2

$3)in the expansion of

" &)
ilﬁ(gq)exp[— \-‘%’)—Eﬂﬂlﬁpﬁqw) dpdq

-» - -
with oMo, ¥)= 5*57'- 3 AF(ax,ay)=i-R.
The sense of YV is the same as
in kEq.3.kxamination of the cor-
relation function (4) in depen-
dence of two pairs of variables
- Xo,Yo &nd &Y%, aY ~gives informati-
on separately on the“pure"dif-
fraction(des

te the great phase

i
fluctuationsg and on the scatte-

ring.This can be easily seen in

case of the error-free_lense for

which we have Y(x\y')=¥Xley®

out 2L
fd - - . X
Kﬁ("alf;'i ,F):e""[ Eﬁ%?( ;”(x.u a,a)]

ij:'(RQ)QXP[:L"‘:?(PA’»*QAVi‘deq |

The integral is essentially the
Praunhofer pattern of the aper-
ture.In optics this result is
known as e van Cittert-Zerni-
ke theorem:
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