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me intsnsity at an, point in the observers plane is given by
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The autocorrel:tion function of the intensity fluctuations on

tne ground is definzd as
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since 1 = 1. oubstitubing for I froa (8.42) and taiing the angular

oruckets inside tire intepgral; we _at
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Using equation (2.33) and the definition of tne phase autocorrelation

functiom we can write

/fo,(,#(ri‘\) SAEN + 7/3(“(> {( 4>;>

L/ : LS = - N
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taken in pairs. Thus
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The spatial pouwsr spectrum of the intensity fluctualions on the

Lo =
> {e \ . S . L N .
ground I -] \‘L } is the Fourier trunsfo.m of tite acf. Taking ths Fourisr

transiorm of eguation (2.43) we get
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This scintillabion index

-

L44)
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m, is the r.m.s. variation of thoe intensity on
the ground and it is equal %o th
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gguare root oi' the intensity acf at zemm
lag which is related to she oser spzctrum by

!

sgustion (2.4«) for the powcr s

pe

without making approxzimations.

88X

ctrun caanot be simpiified further
i8 will in the ifcllosing sections derive soms
presslons for the scintiliastion index and the powsr
approgimations.

sp:ctrun under various

=5 fhe Jeak Scatbsring Approsimetion (11 L

ihen Q'g << 1 ths exponsntial in eguation (2.44) can be axpandad
a3 a 33ri:s 1n Qf‘o and
le than

) . X
only tho louest order bterns in naed nz retained.
4 o}
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Using the definiction of the pouer spectrma of the phase fluctuations
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Thus in the usak scatte ering approgimation tne spectrun of the

intensity Lluctuations on ths ground is t

N3 saie as the spsetran of th: phase

~ e
> . : . i M e 3 A =
fluctuations on iz screen muls iplisd by 4gin® ( —!. ) which will be referred
IR
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Bto as the Fresnsl rilter., If IR O 7
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pthe 'resnel filter is 4 sin ( /37 ) and all spatial frejisacies less than



s %p are heavily attenuated which means that the intensiby pattern on the

growid is not sensitive to irregularitiss on the scrsen with scale sizes

lurger thas ajoub ?‘ . 0 even if the I wedium contains a hisrarchy of
v

T

scals sizes, by studying IPS we can study the propertiss of only those irre-
gulurities whose size is less than a fey hundred kilometres. The reason for
this is that the intensity fluctuations arise vecause of interfarence betuween
th: scatbered rays. 4s we have ssen, the ti1eld at any point on the ground

1s alffected by only &iat part ol ths phase screen that intersects the
8cuttering cone and for incensity fluctu«tions to occur ue must have more
than one irregularity in this area. Since the radius oi the region of the

;

. - £ 4 Y - . - Ao
scrzen that affects us is r“}‘,-‘? E:f#‘o\the condition for intensity fluctuutions
- X4 )

= j
) N ","4',”: ~ O ; N & 7 9o 3 : ~

to be observed iz F/Ro 7 3 AR }.F' which is eyual to ~ 9 ;
Y 9

lrregulariti:s of lerger size cun produce only phase fluctuations on the

Two guantitics chab are used to descrive the observed scintillation

are [\, the .cintillation inde« and Z , bits scals slze ol the intensity

filactuavion on the ground. wWe will uss the second momsns of ths po-i2r spectrum

oi the invensity fluctuatio- s to =stiate the scale sise. The sscond moment

of the spabtial pouer spectram in any direction x is definad as
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and is related to ths spatiul wutocorrelation fiumction by i == =
A% Lesed N

scule 3ige in the x  diiection. If

D

Thus Ck . iz the reciprocal of ths
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we assuie that the irregalarities are circulurly symaetrical then 6)(\“)
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intesral in polar coordin.tion e juation (2.43) simplifies to
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'l‘ aldne and by writing G

3 R
g | da o® M3 (9)
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L, = - - (2.49)
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wiers we have dropeed the saffix x  since py 1o independent of direction.
- o
dith the assumption or circular gyawetry tne scintillation index
i3 gg4ual to
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We All suosstituce for lsz(?‘irom equation (2.40) and derive the dependence
of' 1Yﬁi and 4 on ﬁo and a. For thiy us have to acsume the form of the
Vo
autocorrelubion function oi Lhe phase irregdluritiss. In all our analysis
de wlil unless othervise specified, assumz that thes acf has & circularly
symaetrical Gaussicn structure of the form
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L, can 2 ot from Il by differentiating it with respesct to o .
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where 2z, = ka~  1is calisd this Freanel distance,
The second mom:nt oi the intensity spectruwm is given by
-
g T Z
3 | LU
\J‘i = -:‘-- s ~ ) &R
iy SR gy oy

(2.56)

The obehaviour of &ite s

cintillation under two limitin, cases is of interest.

X S s ! . Ry | T R
In the far f12ld approsim«tion .here t/?"PP( the >t
QO

N tem in
Leyuation (2.46) oscillatzs vary ranidly and can dbe replaced by its mean
Beine of 1/2 giviag

L L
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I this liwmit the scals sizs of the intensity fluctuations
i3 the saue as the scale silze on the screen and the
hes 15s largest value 1or a given vaiue of ﬁo. As

scmtillation index and the scale
freyuasncies in the powsr
we nhove
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dy pubbing sin 6 = @

approximation as
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z decreas2s

(2.80

(2.58)

ground

scintillation index

tha

slze on th2 ground dagrease becauss low

spectrun get filtered out by the Fresnel filter.

(2.59)

1n eguation (2.45) wa g2t the powsr spectrum in this

(2.5%b)

witlhhi a distance

(2.60)
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ooservations. Froa iigurs 3, the far field approgimution for ¥¥) and C’t %
(8 auions (2,57) and (A,08)) dl'fary fram tho egaes v Luas Wy Lass than 8
and lup respsctivedy. [laus at 327 iz the fur field approximation 1s good
for tiwe range ol elongutions over shich observ.tions exist. In Zeneral,

Lo4evsr, this wiil not be trus and the exact foimules ill have to be used.

2.9  Gzonebrical mptics Approximution >\ -3 o Hf{ g

Tf k is sufficimntly larie so that % L ~ t “G iean B/y << |

£Llsn

Wich Tiess approxmations equation (2.%4) for the spatial power spectrim

redicas to

(v
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Lt

if, in additio~, th2? argument of the sxponential is much less than 1, witich
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EL KD e R«

we 32
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Hz (_») S CF e N (V "k Cg h 1 eon

fhis cen ve infeyretsd fairly simply if we write the intsygral in cartesian

goordin.tes. wWe have

~ k ba
43 can expand {J(;_‘ + Z;_ O{/) as a Tayler ssri»s about ((i
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Cife + 2 g ‘ o _
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ahsre we have pzcformed the integr-tion over x Uy parts and assumad that

3) & :
(" and b_,. vanish at T ol . The ather two terms can ve similarly

D >

calculated. If 2 put these rss dts back in eguation (2.61) we get
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This expression is identical to eguation (2.59b) which was derived assuning
(O oo || g E/n e | e prerent resilt was Gerited widan fi TR
‘9 KA all e, S ine present resu was derlvea unae 1 393

restrictivs assumptions that. 2ie < | and E\P Fa L l from which it

~

is ciear tnat thig exprassion is vaiid 2ven for 72 ~> |

cone bdecauss then, wave effects like interference between wavelsts froa
dirferent parts of the phase se¢rzen can bz safely neglected. In the usak
geatiering region the condition for this was derived as /4 ‘\’l In the
strong scabttering case if +e rensmosr that tha angle of scattering is CP, / Ra.,
thie radius of tha screen affecting the field is ;E?;/b\c\ Setoing this less
Gchan tlie scale slize we iamaediately get ths second condition ?l")t)b /‘/‘;2044{ also
[he expressions for the scintillation index and tiie sscond moment are the

sa12 us Jlven in eyuabtion (2.59). They are

“\

- 2\
1is 2 AT \
5 == !
) =6 J

2.7 Far i¥isld approximution

Let us assume thut the phasa autocorrelation function has a cut
' N g ‘ - .
off at ¥ = A .o, p’\‘{\r dror | X {=2A. Let us defins tuo functions

Cand their Fourisr tran Ji"orms

Y

/\f 5 / g«\) ’ .[_T /‘
O (YV = | = \ O e 4
() = (e T gty = ({9
5 \ ¥

H = (Cq CQ‘-:) \ \\t::.: F(a)

The Geoaetricul optics approximation is valid if thz phase variations

arz small over that portion of the pnase scresn that intsrsscts the scattering
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poth g(¢) and £(¥) are equal to 0 for 1712 4. uJith these

definitions, eguation (2.44) for the powsr spsctrum peconss
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wtb us assunz that 3z is suificiently large so that for any '”§l wa choose,

'?_, 1‘ > A. Then the 3 functions % f ‘ ) L‘t + ) \, and -H‘f = - 7 X
L

will 03 non zero in non~overia, ying regions of \{ and so tha various products

of tizae teras are zqual to zero for all \i: . Under this condition
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As & oecoumes lurger and larger the lower 1limit nn g for which this

result is valid oecomoes smaller and gnaller and in the limit Z~—=~0 this is

vaiid for all Cv « 1n the limit when 2 - o the sscond term oscillates

a.out zern with infinite rrejuency. If we consider &Gue fact that any

measureasnt of ths spectrum has a finite frequency resolution and so what

ong messures 18 the average valus of M'i(q)) over a small frequency range,
1

1 . . 3 q . / oo - 3

then it is clear that the second term in eguation {2.53) can be ignored

since 143 avsrage value over any freyuency range is zsro. Thus, as z->®

o —-(;2@; v/‘\ / y AN
ME(C{\‘ - £ 52 ) (\J )

The inverse roarizr transform can oe reauily performsd and we get the

intensity autogorrslation function as

%:( S5 /:)\ :2{\
YA -2 . O 6D
¥y : My ¢ SO =2 e
W‘;tpl(l‘) = £ 3(_3 < ;_v — 11 (2.6

This resuls (yhich is valid for all () was first derived by lercier (1832),

thougn using a differsnt appro.ch.
The scintillation index is given by

TR N . - =9,
mz: - 2 o Sl R Sh e SR e (2x 65

The seconi moment Cf of the power spoctrum of the intensity fluctuations

S o
is given oy (assuming U ¢ %) is circulurly symaetrical),

o

5 Foa, 2 2
T Y i RS
.~y e R l i =
(uo " ) — gyt < Yz g
i Dadohig 2

FRRTPRRSTEE e S,
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Frem oquation (2.64)

b PO
FRC R =

!

3 4, PR
¢ oF +45§(%)

pv] 0
,-a\é\ e q%) ' 37?1
. P . .
Bince — = () for an autocorrelation function,
fDY '\(‘:D cz
AP 2
OC _xpe | 24 s
a ap? %2 s Y :
Q_Sb"—-vl Yoo &Q(l‘€&%>
8y

E:
which is similar to equations (2.57, 53). For large values of f, however

& Y I
For CPO<<I these tWwo expressions reduce to ’mR ‘chbo and %& = /Q.l

2
™Mo = |

%i - qu/cfi

3o we gee that for small values of fﬁo the secale size on the

(2.67)

ground is the same as the scale size on the screen and the scintillation

index increases linearly with f,. A4s f, becomss of the order of one the
scale size on the ground starts reducing and the rate at which 'Yr\zincreases
with @, drops., For large values of f,, My saturates at 1 and the scale

s1ze decreases as Qfo_l. The complete dependence of 'T\{)z and % on Qfo

is shown in figure 4.
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2.8  Numerical etiiods

Using approgimations se have derived expression for (M, and C%;

in tie ragions

a) ﬁo <01, all oz (Weal scattering)

R I N o i o = 3
b) T L« . "7z <l \near scruen or Giometrical optics)

c) 112;~4;'{3 atl ﬁo (Far £icld approximation)

fQ get any information in the region ~/3 ™7 ! - ﬁo = 1 we
have 4o use numsrical mathods. Mereisr (1902) studizd the deendence of
the scantillution index on tiz distance L{rom the scrsen for various ﬁo
2 A : ) ; P $ e 2 & .
upto ﬁo s 2 and pointzd cat for the first tine ths existencs of focussing
effegts, If gna plots tlie variation of the seintillution index witih distance
fren ths sgreen, lor ﬂg > 1, N - through a waxi: before saturating
rein S Sgreeil, or o~ ’ > 3088 AroUgit a maXlnum belore saturaiting
at the valus given by the fur field approgimation and the maximum value of
the scintillation index can oe auch lurger than 1., Srasley axd Young (1967
o)
have sxtended the calculation to ﬁg = 10 and have found similar rssults,
Bramley and Young have also computod the depzndence oi tas scale size on f.
The basic approach in the nunsrical aethods has ween to express
the raquiizsd guantity as a pousr serics in ﬂo and to numerically asvaluate
tie coefricients of this serizs. For iliustration se will derive ths series

expansion for tue scintillation index. sguation (2.44) gives tha power



50

gpectrum Qi the intensity fluctuations as
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where the sumastion includes all combinations of positive and zero values
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of ky, ko, ky and k,  subjzct to the constraint ky + kz t+ ke + Ky =il

we Zot
. =2 3 ! -1-‘5* Q.*R
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W= < e LR R R ;\Mz/@
bt L. D . L [ S !Q,‘ B ’
., r -3
X,

he i
: = (( 4 k(t‘\.{‘ r\k‘f {‘)13/-

' d(-\ M & - = & \\ e ) b8
l(!i\,P“ R ,hé‘z/q> = J;7L - (3 A ‘L

P10 31)

-
—~~
1Ay

I

)r—z r.‘\
01———;)
-

To evaluate this integral one has to asaune the functional fora for p(f).

If we take L 1o be a gircularly symetrical Gaussian of tho form
3 _\;{‘ L
Pley = o ¥ rae

and writa everytiin, in cartesian coordinates, we sse that the integrand
can be wribtbten as a product oi two identical functions, one involving only
the x component of r and g, and the othier involving only the y

compon=nts., 30 bhe integral can ve written as

§ . ‘ 2 RN S S 2/ )
i( k\ui"\':{\'t{‘z}tﬁ‘* “f~/b\> = j L t\l,h*;_v)hi- , 1:\;‘4._\ /h
wliere s X
{( A e
=i . ' - q) U2
"/t\‘k;,ps‘«“i"/“): qu ,xcl,vx o ¢ %
-l
| { 2 43r: z s rdl &?
éxi? - o8 (’ h“x + Ry ’*{:* St s g’lx) i Kab“}'\*x) f

The evaluation of this integral is straight foruard but tedious.

e first mekes the teras containing x a perfect square, integrates
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ovel X, Gthon amakes the leras confuining 4y a perfect syudre and
wmsegrates ovsr g, to getb
p3 3 . &
i ) L - » v . 15§ i"‘
RE AU 71 W I O : wob Y= (R.-k l+—¢d(‘<-"V
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whaeig d = 2-%/2_2 , as defincd eariisr. The seintillation index 1s then
given by |
5 _ f)('/“,f\{i e, - (__)k_‘;* R, h"‘*\*’t“
e A A N
Tz i"L Q, _ = a ! 4
= = .
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Thig expression is identical to the expre.sion derived by Sranley and Young

(1367), if one takes into account the diiference in the definibion of the
Lo 4 .

acf (they defin: 63({ )z € ). 1t ig this series that 1s sumaed on a

compuber. The largest valus on n upto Jhich the summation is carrizd out

15 deterained by the largest value of ﬁo one is interssted in., DBramley

and Young nave gons upto n = 40 to get the scintiilation index for valuss

ol ﬁo upto 10. In figurs b we have reproduced their resulls on the
o4

T : - A2 .
. with 4 for various v .luss of ¢, The focussing

effect 1s clearly szen., 1t is also seen that thz maximun occurs at swaller

valu:s of d as we go bo lurger values of ﬁo, and Braaley and Young find

that d and ﬁo ars related by

SR
dooe Bo7 = 1.35




oramley and Youny have also computed the variaticn of the scals

size on trne ground with d aand ﬁo. In figure 6 we have raproduced their

results giving tie variation of uy, wiich is tie distancz msasured in

units of thie scale szize at which tha acf falls to e ~. It is difficult to

get & simple relation between u, and tie ascal. size as wae have defined
: « 2 U : . . : .
S ;j;: ), but we will assune that the two scale sizes are

S

approim.tely proportional Go eact: othar,

In figures 7 and 8 we have shown tiid varistion of numerically
gstimated valuss of 7“; and 4 with ﬁo for different valuzs of d.
Un the sane figurss we have, ior coupurison, plotted the pradiction of the

deak gcattering aid the Far field approximation.

2.9 affects of sourcs sSiuruchurs

So far we have considerad a -lane wave to be incident on the phase
seresn l.2, we have considared the source of radiation to have no angular
aiameter. oSince one of the main aims.of IPs is to get an idea of the angular
diancter of tue scintillating source, we have to find out how tiie structure
ol the sourc: aftfects the observed yuantities. Lat p(§\}:,?(9;,éﬁnormalised
'Eso Tiiat j Fi{;hié =t , pe tha brightness distribution of the source. The
sifect oi thie finite source size is to raduce the coharence of the radiation
Blicideut on the phase screen. WNow, insteai of a single plane wave incident
;oﬁ the screen we have incident a numosr of plane uaves, each travelling in
|4 Jiffsrenc dirsction — uhat 1s called the angular spectrum., Because of
ithis if' we tuke a plane perpendicular %o ths line of sight to the source and

flieas..re this acf of ths slectric rield, the act will not be constant at 1
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for ail sepurutions, as is bhe case Lor a plane wave, but will decrease as
@@ 50 to larger separations., If the separation i1s measured in units of ,\\ -
this acf 1s ths sume as the visisility function \/ {w "J-") used in radio

1

inverferometry ,

EEYE (S Aw) >

W g -

g \"1

- =
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It is well known (Kraus, 1966) that the visibility function is the sane
as the fourisr transiform ol the orightness distribution oi the source, i.e.
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& T g n ¢
we L 4 LSS

) (1

K~

L A9

_/
-
—
'
il
&
—

{

(2.67)

(.

Because 1t is the fourisr transform ol the origntness distribution of the
. . . , . . 1 Vs D
sourca, tie width of the visibility funetion is given oy /o P, here
@g.;“yg;; is tha dilameter oi the source. [hus the actual uidth of the acf
of the electric tasld 13 roughly kgs\ . . 1f the width of the acf
S 2
is auch larger than the rejion of ths phass scrsen that affects the field
N
at eny point on ths ground, wuichk is given by Z &ic.t the intensity patter

on the ground will not differ much froa that of a point source. o the

condition Ior the source size to af.ect the intensiby pattsin on the ground is
FZseal 7/ RE

which opecomes

. Y : 5 '
A=t ! o] L&
S-Sy [ > o) s {c }
» G, : 4
A RS R e R - :

Another way of looking at the problem is as follows. If we movs

a point source through « small angle NS the effect on the intensit
- - o P)

Rtiem on thie ground .s to shift it in the opposite direction through



]

B - ,i e - Y 1
& linear distance ¢ L5 o L& tne angular diuamster of the

gource 13 80
= A . . . :
large that &0 is grasater tian the scale size ol ths intensity

Iluctuations on the sround tihen ths intensity pattern on the ground gets
smsared out and Ghe seintilletion index is reduced. Thus the condition for J

the source size to alfect the scintillation is

= S v 1Y Vd
which is ;
A ~ D ! PRI J
v p: ] ! < !
£ - 2oa [ {\ 2
v
A — R ] ) ~>
.xv - g o > /‘)‘"“ ‘;(. ‘O o H
whico 13 Ghe sade as what we derived earii:r., One can go furtiier. If
I(% ) is ths intensity pattern produced by a point source at © = 0, a
point sourcg at © produces an intensity pitiern I( 5- Z8 ). If the :
gourca has a brightnzss distribution f (0), the intensity pattsrn on the .
pround is
. / . \ P =l - i i
/ ~\ H ~ . T . ~ N\ S vy ;o } o :
i Z, - I R ‘/(,__\‘ | { = — =/ ) - S ! £ T: P EE- B
<7~+\— } = - .f —~ = [ ] - l( /,:)-\: (f)
g N\ - & ;
z ~ /o ol |
= =y PNF/2 )+ LUG)
7 -

wiere we have used the symbol * for convolution, Using the standard results

of Fourier truansforms (Lracewell, 1965) that if

( b - =
& e ] a i 4 Fi
vy = F(4Y) o g = Gi(k)
- i = = - -
Bl L) A b Lrd N7k : L
en T B % d 2 T A (B Gk o vonvolution theorem
. alire N -
iy \‘Il s I“ > :‘. { c Ir, ~\“
G 7 P A SRR B VL ) Scaling theovem
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we 2ot for the poser spsctram of tne invensidy fluctuations
o : ) 2
Mo fa v 2 10T T (NI BN M :
f'.,"," S T S WS Y y
2 VT b Lt e i Y (T ) Ty () (2.58)
= i v
whers V 18 the visibility fuaction ol the source., The sxtra 2T come s
in tihe visdlbility function bscause of the difference bztue.n our defnition
oif the Fourisr transforms and the definition in equation (2.57),
This result can also ove derived using the mesthods 42 have developed
| garLiicr. Bacause of the finite source size, the phase of the incident
radiation 1s not constant in the 2z = 0 plans bub variss with position,
F
:

: Ths relative phase betwsen two poinits fluctuates in time with o time

scale -~ };vathe NV is the bandwidth of the radiation., Thae field of the

i radiation can be characterised by its aef, the visibility function given by

N = CELGE) ET (A a) )

A

Ile electric field ut the ouserver's pl.is is gob by seneralizing eyuation

2. 41) to give .
5 i o
/ A e 2 - el
; ak: {0 SPEY K% -3
. : A i S SR A =
| e o2 L&) e Z
E e T 4' v -
: The inbtensity is ,iven by
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Since any measursmsnt of I 18 made witn instruasnits which have

a finite Gimg conseant and since ths {ime constant is Jensrally auch larger

2 i . . ;

Lhain }/Z Moo, each mezsurs. valus of I is the averuge over a largs number

of fluctuations of the phase of [~ (&) . 5o we will replace I by
Y I

L

. ) by its

J-\‘

. . . . ! . i
its average value which is got oy reolacing L /

\

\’/1,{,»!

avoTugs valus which by definition is Y ( TG, Jith this the
/
expiession for the intensi.y necomes
T iy L ;'- ’ - - \ s - ;o o
g = < \ I 42 o g 5 = < -
L <%\ "( §~ \ “fjfwﬁlia \/( (ﬂ <, 4 péfn ¢(Q
o 2/ / - ’

47 TS /\ ‘ e

(N
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ot it e (&-80

as beliois we can dafine the sptial act of thae intensity fluctuabions and
perform the ensembls averaging by assuaing that £ is o Gaussian random

variadle and Jo gzt as the eneralization of agquation (2.43)

(I(§\ - :./’. % \A’ | /O‘QC‘{?@/_ d{éé d&i «

. |
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The function T
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(S, 2, &, 60N - V[ &g W= ¢ s
3% % 8 6) = VIS V(EE) e a8

is 4 function of only thz diiference of its argumenis taken swo at a time.

S0 W8 Cail Taie e Fourier trunsiorm of the acf and using the result derived

n eppendix 4 gz getb
g f 4. —~ ;
E. - i N Lo = Z -
A T e o)
T v e R R
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F(¥,1-5%,7%1,%)

V 1s in general a4 cmmplex function, but sinecs 1ts Fouri:r trunsfoim is

the orightness distribution Jhich i1s always real, V sutist'ied the propesrty

Vi{i~@) = V (w)

30
. . S 9
\(E'z)\/”—i‘”ﬁ«\_ SN
G T
: 2 o\ "
J1ncs ‘ \/ (;—'\T '“{I )s does not depend on 1’ we can taks 1t outside

. tha integral and if we ta.e the CS fuaction to the right hend side within

che 1nte ral wz get

whicn is identical to equation (2.68).

From this expression us see that the effect of the finite source
8iz3 is to [ilter oat the higuer spatial freyuenci:s in the intensity
patisrn on tue ground. Since the high spatial freyuenciss ars attsnuated,
tue second momsnt of the power spectrum is less thun that for a point

source i.2. thz scale size on thie ground is larger for u broad source than

for a point sourcs. 3Since tne scinbtillation index is the arew under the

powsr spactrum, thie scintillation index 18 smaller for an extended source.

2 BT B e e e 93
Mz (1) = VIV = ( (kl)>{d ¢ F
- B J
3 e % e T
Coxp @ [2 00y - s -‘*) OCs- "-‘“M* f‘;
= |\ g'ﬂ\fl % '
{ 3 (“— Lo [\/lz (2) Pum{ anuLYee



So in principle the deberain.tion ol th: source structurs is
straight {orwari. .11 wa huve to do 1s measurs th: E.‘ypdtld.]. powar 3p2ctrum
for a inewn point gource and for the extended sourcs. Dividin, ths second
sp2etrum Dy tite farst ue get thr syuare of ths visinility function of tihie
gsourca from whicii we can estinabte tue structure oi the source., In practice
ho saver 1% 13 not pousinle to do Giiis since the spatial poer spectrum
cannot gesily ve measursed., shabt onz usuully has is sous intsgral propsriy
ol the spectrum like the scuntillation index or th: sccond moment and e
have to egtimate the suructure of the source by comp.ring these with the
correspondiig yuantitiss for a point gource. For this we have to xnow how
m 3 and "7, change for differsnt source modals and thia can be got only
1f w3 have an ex. licit expression for tue point source po.ser spactrmm. Aas
we have seen, uwe can et useful exprassions for the spachbrum only under
limited conditions lika gy << 1 or E/"g_ << | . Yor arbitrary valuss of 14,
and Y Z  ue can et estimates of tue effect or thz source sizs only by
maiin, «d hoc assumpblons woout ths shape of the spectrum of the intensity
flactucioions on the groun.. rollowing Little and Hewisii (1956) we will
assume tiat tae acf of the intsnsity fluctuations on the yromnd is a
gymactrical Gaussizn of the form 91(\;"‘.- = ‘C"{' N = { > and dsrive
results for soms simpls source wrdels. If a is the scal: size on the
scrien Je Wiil take "_ to ve equel to a for f,<< 1 and egual to

i / ’f» for @, >> 1. The spati.l pouer spectrum is proportional

[/ R S
L 4 ‘f Y

to b v /s

a) Circulariy Symaetrical Gaussian Source

for a circularly symaetrical Gau.silan source the oHrightness is
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i Yy and J are the scintillabion index and the scals sizs

for a psint source and MM and ’Zi these guantitizs for an exiended source

using ejuation (2.58) we have
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Thess results show that ths dacreasc in ™ and the increase in Z is
detsrmined solely by the paranster 29/1 The scintillations are unaffected
o . £ . i@ . i el b Q'\. : ]
by the source size if /@ << | .+ If we taxe = A =100 ki, z = 1 A.U.
E and define 8. as the half pouer diumeter of the source, the above condition

becomes

f
:9\/:‘\ = 34 QQ Ga) iz//'z ~ .15

158 23,/2 >> | the scintillation index is reduced to zero and the scale
» 8ize on the ground is determincd pureiy by the diameter of the source and

= i
: =) S A : v .
B valve J2 ZH. . In the strong scatbering regime T  is agual
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n/ i Sa)
to /= ¥, and so in this regime ="  increases Linearly with f,.
4L
30 aven if we take a4 source with diameter 6. nuch less than O".15, when
<

g, is lavge anovsh to make f 8 S 0".15 the scintillution will start

showing tha effect of source size. I[f we talke a source with diameter

%{<< 0".15 and study the variation of the scintillation index with £,

the gcintilletion index will increase with ﬁo in the weair scattering regime

until it reaches a valus of unity. 4as ﬁo inereases rn  will remain constant

at one until ﬁo 18 large enough to aake ﬁo 9, ~ 07,15 and tihe: with increas:
&

ﬁo the scintiliation index will start reducing. or sourcss of different

diainesvers tlle value of ﬁo ab whichi m will start decreasing uwill pe

different. In the stron; scatbering regime -the scale size decreases as

ﬁo-l with inersasing f, until f 61 X 0"15 and then it stays constant

(=8

at a valuz sgqual te Kfi 2 Q .

b) Ilongated Gaussian Source

For an elonjated Gaussian we have

. g2 \;
7 oy . \‘ '_l- ),\ U3,
i ( '\}7‘ ")\ = Q )('i\ - ;{ -—l-;: — ,{
S ; . s b’y { \4—
Rk ’-)x:_)\/J > -,:‘ -l

I wa carry out the calculation as in the previous section we get (Littls

and [ewish (1956))

“/ 7 i —\
kL P 2=z - AR | i
R 4P i . fole h O | __‘_”_ju\
s sl le el Tl Car
/i / i
"‘I'r.h . ( o - -

The scale sizs on the ground 1s no longsr circularly symaetrical. Tor the

any y directions we have

1
/ 3
. e s /. [ EE 5
IR i ;i-}-; i :—f’_:j}( X b2 T e A ;,7_ :&[ JYL\)
e i il 3 e g el S
- \. ‘,\ J ;;‘_ z

=




62

In this case also the scintillutions odehave ag that of a point source

provided both "= and " .77  are much les3 thun one. Jhsn one of tuem
£ ¢

approaciss onz @ sbarts wo decrease. The redaction in whe scintillation

Sl

index is much less rupid bhan in the circulerly syanstrical case until both
of them becous greater than one and from this one can infer that the source
is sxvended. The extanded nature of thie source and its dimensions can be
astimated amore dirsctly by studyin, thes shape of the irregularities on the

ground because for an elongated source the irr:gularities on the grouand

are anisotropic.

¢) Cora halo sources

La cors nalo sources we have a core of intensity I, which may be
a point or a symaetrical or an alongated Gaussian source, surrounded by a
3 S - : . . } g o
halo of intensilty 12, whoose angular sizs 18 much greater Ghan Zz - 0L15.
The lialo componzint does not scinbiilate and all the intensity fLuctuations

are due To tne core. If e Gale the core to be 4 point source we can write

the visioviliilby ifunction for ths core halo source us

W= oL g
- R = - £

Lo+ iy e L.

- .

}’/] v O ll
. = - o t
S ,‘h - "‘ 2 ':, 7 B
(I,-Ty ( (2.70)

——

e , s L : . L,/
icit shows that the scintillation index is reduced by a factor =/ (T 4+ 7 )
: Lo+ Lo

ich is 4n obvious result since only this fraction of the incident flux
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coﬁbriaut;u to the scintillation. The scale size is unaffected by the
halo. Tha extension of tho core halm wodal for cases where the core has

a finite dianetsr is sbtraight forward.

The intorprstation of wmost of the sources observed in IP3 will be
made in t2rms of these taree models. The use of more complicated models
for the source is not ugually ‘ustified since the 1PS observations cannot,

unanbigously, docide between tham,

2.10 Bandwidbh iffect

In deriving equation (2.44) for the power spectrum it was assumed
that tue lacident radiation was monochromatic. In practice the radiation
13 only guasli monochromubic i.s. thers is a spread of frejuencies but the
bandwidth i3 generally much less than the central frequency. For quasi
i_ monochromutic radiation, the phass of tie electric field at any point varies
randonly with a time scale of Tgi~j; where A\ is the bandwidth. The

Y

teaporal acf of the slectric field (0 (7). L&) £ (¢+7))is the Pourier
transrorm of the spectrum of the radiation which is the same as the bandpass
of ths receiver system. The efiect of the finite bandwidth is to reduce the
b scantillation index becausc each frojusncy in ths vand produces a slightly
difrerent intensity pattern on the ground and the observed intensity pattern,
which is the sum of the individual putterns, tends to get smoothed out.
An estimate of when the ovandwidth will start affecting the intensity
fluctuations cun be got by the following arguments. The elsctric fisld at
¥ point on the ground, say r = 0, is given by the sum of the wavelets from

ifferent parts ol the phase screen. The wavelet coming from an element
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o : ’ P 4
of arcc ab on the screen 245 wo trevel a disuance \&=E*q/; 2 and so

140

g v ' (R ) o < ~—
ig deloyed by a time T/ h-Yd wion respect to the wavelst from < = 0.
} r
S T & : : - 2 o § " ¢
T2 this delay io lerzer thon the colersnce Liie T\&—- /AN , taese two
Weve.lnts wiil mos be cohereri. As we have seen earlier, the lergest valne
< = i ; o
of % thet affecis vs is : = F t_) ., and so for the deconerence
A nax scat
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I ‘{ s G scale size of She intensity fluctuations on the ground

2.
we can wriuve QL 7 A, end the above condition becones K_El_r A
S Sl

S \
= ¢ { C 4 !,/5

A
L — \ l\"t\"\—;
foo kv ol
Tor our observcbions if we vake >, = 0.0 metre, z = 1 A.U., end AV=4 iz,

which is tie bandu.dth used; © e effect of the bandwidih is nexligzible
nrovided

Q o 45 /F‘\ i1

Tor elongations greater than G.25 A.U. fron the Sun tue scale zize
a is eround 10C lmi. end so uie elffect of bandwidth can be safely neslected

in ble weak seabiering regine. . the strong scavbering rejlme, since

e

*7 = "‘)\/ GDQ , this is mot elways true and bandwidio starts playing an

imporbany role when @ is sresser than 20 o so.




The formal incororeilon of Gie effect of Landwidil: into tae

expizasion for tle intensity is gbraigitforw.rd. If we derote ov f_a(’-};@) the

-

14N

eleciric field own on tlie screei ob time 4, then, hy daking inso account

e difisrences in the time of errivel, equation (

I3V

ficld on she ;jround can he wrister ag
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iie intensivy is given by = ;
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T\"f;"n:‘:ﬂ P ST (e il = s ) S o R T
L S e s 2/ }J - e = NEYd St 5 a‘;}r/

- Slnce any measwiement of tre intenai §y is alweys made with inssruments

‘wuose time constant is

- R) ( < . t
muca larger than / AV, using tne sane orgumenis as
£ r‘-'*
‘we did for ilic case of the finite source size, ve will replace L by it

= ~ . 2 e N 7
1 \ ( - ) e A
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ag adue walcia is t+ o o 2 2 juaere |+ 18 wae venporst acf
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g€ spotial acl is given by




simnlifications that were

&

on tle difference of its

Pourior trensform of ©lie

spectrunm with 3 intesrals in

.r-‘

Numerical integration of thi

thougi: we hweve an expressior
of usef i information is not
in the fear

ul

e

Soiie eXpres ssions fov

and the shape of the acf by
ile scrsen is o taussian and
gae specormun are independent

Rfo: 2/’32 >>{ . ihe results

B ovr definition of ¢

fieid region where
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! B ErpaiaE O Y L "
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() is a funciion of the &, and is rot a funcilon juast of the difference
]
of tie two arguments. So mow we cannoi, as we did carlier, make the various

sible hecause the fincuion I 5) depende¢ only

argumenscs. Tiie best we can do is o take the
above ecualion and -el an expression for tiwe power

(oA

it, but further simplifications is not possible.
s triple interral is a formideble task. So

for the effect of the bendwidth the extraction

ossible bescause of matinematical difficulties.
o
2 >

tittie (1968) hes derived

efifecs of itlie vandwidih on the scintilletion index

assuning unasv the angular spesctrum produced by
tiae the nanases of the diiferent components in

random variables, wiici is a good approximation

are expiressed in terms of a parameter K wkich

s b.LJA 1e

k 25 AV E L)\
\ -
C
N i " 3 ; i !
AV is the vidt: of the passband which is assumed to be & CGeussian.
actor b, by which: the scintillation index is reduced, is given in
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voth the weals and ile siron scaviering regimes as

et : . Ay 1
5K = ¥ ke oexp (Vak) D= @0 Vk)

wiere 5 2

-~
i 4_“ B

x{) //,;\B ’QH:

P

is] 1
=}

! L._N-~

For & <<1 tlec scintillation indexr is maffected and b = 1, bubt for ¥ >>1

ul

the expression for b becomes bewe 1,25 I

rhe behaviour of the shape of the ezef is different in the week and
siron; scebbering regimes. In the weal: scabtering rogime the acf keeps on
getuing broader as 4 inecrecses, showing thot the effect of the handwidth

q

Pis to filter oub the high frequencies in the spatial power spectrum. In

Blite strony scatiering rerime the widil does not increase s morltedly as in

feal

37

scatboring anc for large K the width tends o saturave, becoming

Sindependent of the handwidth. Thus in this rezime Gthe effect of the bvandwidt!
to abienuete all the spabict frequencies.
in e near fleld region no adequate theory extists which giveé tize
'} lation of the observed quantities witi bandwidti. Bubt so long as the
.fGQﬁallty (2.71) in sotisfied, we can safely neglect the finive bandwidih
e Lue Tesuiis gou by asswiing o rmonochromatic wave. A1l the above

Scussion is based on the thin scresn model. Tor an exvended medium we have
1led Sheory. dowevar when the total v.m.s. phase fluctustion [y
gl: Jess than 1, we can re nlace the extended iediur by a2 number of indenendert
i screens 4t different distances from the observer and tlec intensiiy

jiern on the ground s simply the sum of the petterns prodnced by the indi-

Ba_. screens. Under these conditions the banduidih can be neglected if the
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irequelity (2.71) is sabisfied for all tle screens. In the strong scabtering

regime nultiple scotilering between the screens lies to be considered bui even

.

% haere, we cen heglect the bandwideh iLf we btale the most disvant screen and
nt O .. = == and find tiat the lnequality (2371} is-spbisficds

2“&
2,11 lovin: Scisen

B0 far we ove not bob.aered avboui ow the intensity pabiern on tie

~

L pround was actuaily measured. I biie screen is stetionary, one must eitier
lave a lerge numver of deivecvors ot different pluces on the zround or ohe

musc leve a slngle detector to various polnis on the grouna in order to measwre
Biic iniensity patiern. DBoil uiese aliern.cives are quite impraciticel and

P usefui observasions of IFS ere possivle only because the solar plasma is
flowing away from tl:e S in & falvly well ordered wey, causing the intensity
paitern on the grourd to also drlft with the same velocity. So the intensity
;attern on the ground varies witlii time and this can be observed easily with

f single ansenna, Lf we assume thab the time varistion in e intensity patiern
18 duc only to t.e wovion of the screen, we cen infer the svatial dependence
Ghe intensity from e oLserved tine veriations. For this one has to know

e solar

=

fe velocilty o

niensiivy flucbuctions at 3 weli separated voinis on She ground and by measuring

P

-_h o

e diflevence in the vime ab wilci the patiern reusches the 3 stations. MHowever

fle ideulised sivuation uliere the intensisy pattern drifis vithout changing is
liely o be a ;pod ayiroximeition and so we will {irst consider the general
gse wiel'e Gle paiviern changes wiile drafiing and see how the temporal acf

Bae invensity {luctuations is related to thae spatvial acf.
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4

We will again consider the thin sereen model wiere ¢ (£ ,T) is
<
5

tae variation of tlie phase about tle mean volue at the point

ihe general acf is civen by

2 - e
p Py, ) = K PiE €Yy PR+ 1-T)>
. 14 Bl *
The Intensity at any voint on the zround b time © is (equation (2.42))

i {{R © ffdgp d&%. ¢ T2 1 % -
Ik%\t} 2\;‘?,'2) - . »- : - - v

Ihe genegalised acf of the inlensity fluctuation on the ground is
2 : ~ s - -7 ,
my O (6,0) = < I(&,t) I(g+y,t+T)>

~n all owr earlicy discussions we lave been dealing with pz (\_é‘)fG 0) while
what we measitre with a single antenna is OI(\_’- 0 7’¢)and we nove to see how

: b (5
the wwo are related. If we regaré P (& ‘(’)to be a random Gaussian variable.

we can jeneralise equation (Re43) and z2b

(
fﬂ (\K\ T\ (‘E\; \4

% ¢ j_ N
exp 225 5"
e o s =N e
w2 A NLE ‘ joRa g Thy Cdey
where

Ef'-.,g(iz y i‘_‘s,f;a >?‘> = QXP;CPu 1;}‘*@(%"51*0) i
1
VO + 0% ,T) -
© (&5 ,0}

R0 0y = ldx Lo st G
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Taking %he Fourier transform of the acf of the intensily fluctuations and

N

noting what - \f,ﬁ_,“-;ﬁ\?*f,\; is a function of only the difference ol e

~ 435 go thot all the simplifications we made earlier can still be made,

i" ‘ 1 $ it el 7
Nig o)= jdy e ° i’kasf“Ei»“E1s05T>“

- 14
b L J
o I T o
:pr-iiﬁ(f~(ﬁ(%¢@,0)‘,» Jdﬁ g s
EQXPQ>§3€(§3T5~P(f+§;,7)'€(?'%ii’T>f"({ (2.72

o

Tle acf of vlie incunsity fivectuations is given by

3 L2

m; (L8, = 4 MUl s

~

(275

Tiie temporal acf is given by .

T, O (9,2) = J[d@ N (9.7

The scintillation index estimated from the time variations of the intensity

gt 2 voint is ziven by
25 AL ) .
(T\l/\\—-i =1 \"‘{\; \WL(O\U> = Jd%— [\/(@’)O)

wiicli is didentical to tie scintiliation index as estimated from the spatial
varia’uion;s of the intensity at a given instant of time.
i
i 3 P . . . . i
iThe situation is more complicated in the cuse of the actual acf

and the power snectra. In view of the complexity of N (C[) ;@) we will

consider only two limiling causes 1) £ << 1 2) Z/z_g >7 |

1) @O =]

Under tlis approximation K (1 ,C)  Decomes

.—‘ ke a%e: .
?) Stn (i—i" ) (2.74)

S

i)

Ng, 2 = 4 B9
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where . D

3 - [ &1 9P

) (2. 750

tha teamporal acf is given by

= 2
T é\i(o*@ - Jdon l\/(’\ ’(\> ] (_f_) Ol ' Q(‘;—%\ ) (2.76)

while the temyporal powsr spectrun ids given by

Pca)zjefw?ﬂé(z(o?)j? 4{(4&<§

s \,J

W) zon (?%)

(2.77)

where éﬁ- Gﬁ)bJ is the space time Fourier transfom of the acf of the
phese Sluctuations, defined by
[ r
- AT @
B wy= & |49
(2.78)
7
B %/z >

Under this approxination we can go through the same arguments as
was done from the Far field approximation in the time irdependent screen and

= we gob

ukich gives

. O (1) =

(2.79)
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50 far the discucsion has bdsen juiue gensral but nov we have to

nak: sene nodel for the tine varying pattern aml assune some inra for

', bedors J4e can relace the quantities aeasured with a single

Y

~(

s
~

)]
/

antenna with the purameters of tue screea, we W#ill consider ia sowme detail
the aodel in wnich the patteri is assuvaed to drafb withoub cnanging and

then discuss briefly unez aore geaeral Laras of the acf.

2.11a eoving Screen with [iam2 [ndepsxdent Phasg Patbern

In this aodal we assune Ghas the phase flucbuations ~n tne screen
are independent ol tiaze and consider the screeu as a whole to move with a
anferm velecity vV, In ths irane oi reference in wnich the screen is at
rest, tihe acl o. the phase [luctuations is independent of tine and will be

. - -lf \ - . i3 -
- denoted by f“\iﬁ. +1 tae 1rase oL rererence ia whicii the screen is moving,

the act is a function of oboth space amd time, put it has tne simple form

Ple,ey = Fld- Yo

J

[he space time Fourisr transiorm of th@ dCf nas bhe form
:u\\( \ 1y {
\:e 200 = ‘tQ:,\Qd"C
~ W
if we insert this invo 2quation (2.77) for the power spectrun and if we

choose ths coordinate system so that V 18 in tne direction of the x axis,

we 1id tist for j— <l i

P’\wb\) J ,47. T\ } g L \/3; \ (




In practice tihe temporal power spectrum is generally expressed in teras of

frsjuency

ratier than ajgulsr frejuency Ly « Simwe = & jL we have
i B o, - ’ :.J- A
RO ]:)(4'” g:)
A ) I
TS A N A L Toarny LA
o { B s RO B LA,
— i , \ 4 = L Sen 2 B Y 4 s
LI R=T T R VIR A B R =R R v R O
\/ Jﬂ' v et L 5 J
L

Fron the above expression wWwe ses thau the lLemporsl powsr spectrum

s ralated to tiue 2 dinensionul power spectrun in tne sane way as a 3trip

scan over a4 radiq source is ralawed 6o the actual 2 dinensional structure of

tne source, &4 Sonseusice o3

this is that tae Fresnel wmodulation is smeared
i amd so is not ver; proainent in Lhe Quserved teaporal poser spsctrum.

It is of inbterest, however, {0 see the Fresiel modulation in the

poser spectrun because if onz seesa tine nulls el the sid” tora mae can
estidate tne velocit, af the screen by assuming only bthe distance to tue
screan. I1f W& assuane bthal the 2 dinsnaional spatial power spectrun is
circulariy symaetrical 4e know«, 1roam the uisosy oL tie resvoration of strip
8caug (oracewall, 1¢35) brat the aoel traasform ol the ovserved strip scan
gives L.z circulerly s mnetrical 2 dinensional structure of tha source. 3o
1L we sane LHue absl Graasiora oi bhe observed cemporal power spectrum we ged

v
/D B PR
: H = abel Iransi ns g ‘ \-L\-" - -
£ T \j—) ansioras o i _)}
4 2% -4 NS

N

it

/"*\\/r
[ ol
4..
R
U i
/
-
PoF
]
Y
r-'_s\'
S
=i
s
\._/
\___ -_,,(—\_,
.
o
»
&
p—

raus bie Fresnel modulation is more cle«rly sceen on the apel

transtora. [laiing the abel transform or tie Fourier traasiora of a function

8 equdvalsat to the single speration of cakin, bthe Bessel transform of the




et e o L
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function. 3m the above result could also have buen got b, takin, the Bessel

Lran8iQrm oi Lug owserved bLeaporal acf i.a,
. D

1L\ = 3}°~ T i:(o«\‘\i?) R(U)T) (2.81)

O
wiere J (x) ia the B:ssel function af zerath arder.

For tie case of a usussian acf, in bue weak gcatbering limic, we
Ca Jerive gn explicit expression fer tie temoral power spectrum. Let tne

acf of Yne punase fluctuatlions 0e oi tne fora

%’(“i V) = £xp *(-71;*‘3&3/;)@3

fne ps.or spectrun g bhe priase Llyctuslions is
= a,z C’/)Z)\ J\
QNG R R (O E U\/
- ruy ) QW ‘
fhe gpabial possr gpectrum of the intensity fluctuations gn the ground is,

in the weak scabbterin, limib, given Ly
- l r & - p)
] d Fo< ] " - :
Vi o ) o, £ \(& a¥eo™Y Al 2N %y}
: = " wHI- U iy )i Sun 4 .- »
{ ,;: \ A!,-x.: Wy = P= . * 7) i = \“% -+ 1\; \
'he tewporal power SpeCtPJm is slvea Dy

e
yﬁy - L,w¢3 roa \vx ‘V) el ?% _+ ) a §N4
] Wf 51
V -GD
[he iatsyral over s can be perforaed in o fairly sbraig.t forward way by
edpressing the sin tern as tue sun of two exponentials, coliecting the terams

AR 2 . :
SoNnbalming 4, SXpressin, chea as a periect sqyuare and integrabing over

bhe resultia, wvaassian funetions. The resulting expression isg
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Py = Jor b 2 e 2NV
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B A ac = {"S‘N\lr 4 \1‘//\,’.»- B
[ e’ L @ A = 3
{ | - 5T TE LN ) (2.82)
! B S = a & k
' <Z/z N { -
L ( | < gl "*3\, ) i
wnere  z, = ka‘ and 7{) = tan—l \Zz,/z.o)

The poaér spectrun as we have defined i1{ has bath positive and
negative frequencias, i.e. i oes from —F ta+ . I6 is cussonary to
define the pewer spectrun for only positive trejuencies, in which case, since
Gi8 areg uniar the power spectrun should be sjual to ths variance, the
eyuabion (2,32) fer-che peusr spectrua siould bs mulbiplied by twno .

Ine sacond mocnent ol the Gemperal powsr sSpectrun
2 e
N ( RV - A0XY
[ - <SS /o : [
f = *“J+ + ! &4\ i d[ DC+§
; .. . : } J I IR

2

= o

can os yot by iasertin, the avove expression for P(f) amd by performing the
iats,ratioa. Houwe.ar, il we suostitute for P(f) irom eyuation (2,79%a) we

sse that the ex.ression for fo 1is the saae as that in e uation (2.48) with

;ﬁ'f/x. i1 tne place ol g, SO bhat from sjuation (2.56) we have
/i \
1 \1' ’ “‘ / %ﬁ ; Q /3,2
A R

'ne extension ol these resulis to an unsymnetrical uvaussian phase

Cacl is straigitiordard, I we assume that

SEOE g

O( - x * e \\ ,K ) rv.uq h

X, ) = XD - 1 — + 4 &
N ‘ ~ e o 1)

. )( ’“\,})Q
P4y = 3k & e =V

(2.54)
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o

? -1
Anere 7// = tan

—

and (/:ZV /tﬁ

f'rom this ekpression we ses Lhat whils the widih of the power

specorum is debterainsd mainly by the scale size ia tie direction of motion

ol' tuie screen, tine ampiibtude of tnae dfrasnel wod: 1_de.1u‘n is deteruined bty
7
tie scale size in the perpendicular direction, dhen b —>0 id.e. [ —s O
) {
tid Fresnel podulation vanishes. Jdnen 0 -3 2 Qr (: —z 0, the two diasensional
screen reduces to a oae diaensional scrusn and che power spectrum Lakas tna

i

Lorm .</ L o
I S G vi T P ALY
)(4) I - Ay o s <~ N L “) = ( “ ) ¢
= jLaft L — & =N 3 '
l . == > =R N /-

[he scintillation index and the second noment of tne teaporal

B

- powar gpocLtrum for Lie unsynastrical waussian acf are given by

. ] ' -
ﬂrl‘ . = u\' l\\ ! ‘ - &: S \L//’/,:;_‘ > . ] '.’-‘0 5 (’)x ins @7
N Y ) = (@ W) - J 0o By 059y |
75 d .
5 l ;) A lx\_ ‘ - L% ‘.l’/:( X ! L x My Qy J

-

Bihere we nave sudstisuted tan O =22/, 2, tane, =2 ?-/ a.rr.i +(»)
% /[ Ros y K’ y

It is of interest to see houw the Pessel transform will look when
fliic irresularitiss are not circularly symsetrical. Bourgois (1972) has

erived ai 24pression Lor tiie se.sel transfora, which in our notation is

_ ] c’«" ~"ﬂ —_ 2 =
A - S S P 2 /3y By -B
3 ( )?—/}iﬂ\r B D - J2EEF cal B S)  Uyoo
: * \T /% L Cas€ix kLN ) ¥ Y

‘s Y
jen C( - !\ we gelb back the circularly symanetrical case, when o{(F the
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anplibtude of ths amodulation is reduced, When vﬁ)ﬁ'the aaplitude increases

ad the Bessel transform evan goes negatiye for certain vaiues of f. 1In

principls, vy st.dyin, ths anplibtude of the Fresnel modulation, ons could

uaduce tne elongation oi tre irregalarities, bub, as wa will see laber,
biisre ars other processes that reduce the amplitude oi the modudation and

it is not possible, from sin,le station observations Lo unravel these effects. 1

2.11 fffects of an mvolvin: Pattern

e i ik ) Ll

The assunption bthat ths phase pattern on the screen moves without

changing is unliksly to be correct for the actual IP mediun. In the Gcome-

trical optics approkimation ths phase pattern mn the screen is related uo
¥

tne density fliactuabions in the medium by

(o !
. 2 | g )
‘(XJ;‘,?-, L) = - /l n(x,,,2,t) dz (2,80)
1 g -~

fwo coniitioas nave to be sabisiisd for the phase puttern to drilt without
cauanging its shnape. Thne first is bthat the density fluctaabtions themselves
shouals drift without chaging their shape, which is unlikely to be true in
the IP medium since because oi udiifusion and other processes the density
fluctuabions would jebt smooshied oub. Hesever, if tne tine scale for this
amoothing is more than a few ssconds, we can, <ithout nucn error, assume

that tie density Fluctuations are rrozsn into the aediun and write

n&x,;y,z,t") = n(x-V t,y, Z‘) ' 2

where V, the velocity of the medium perpendicul«r to the line of sight, is

assuted 6o be in tne x direction., &ven if the density [luctuabtions are
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