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T> extended to apply to other values than one radian squared. These probabilistic
results are then combined with estimates of the relationship between short
exposure resolution and residual wavefront error to provide results for the
probability of achieving some desired resolution as a function of aperture
diameter. It is found that the optimum aperture diameter to achieve a desired
level of resolution is almost exactly twice the diameter for which the dif-
fraction limited resolutiun is equal to the desired resolution, and that the
probability of obtaining the desired resolution with that aperture diameter

is equal to the probability, previously evaluated, of having one radian

squared residual wavefront error on a single short exposure with chat aperture
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//;he technique of stellar speckle interferometry has demonstrated such signifi-
cant improvement in optical resolution over conventional imagery when viewing

through a turbulent atmosphere, that one is prompted to suggest the possibility

of introducing adaptive optics to the interferometric system for still further
/ improvements in performance. In particular, since a high performance adaptive
/ aptics system would allow achievement of diffraction-limited performance by
itself, we have considered the possible use of a course adaptive optics system,
&h- i.e., one with "excessively” large actuator elements in conjunction with

—~———

speckle interferometry. To evaluate this possibility, in Chapter 2 we develop
> an expression for the power spectrum of the focal plane intemsity in an
adaptive optics two aperture (i.e., Michelson stellar interferometer) system
acting on a turbulence-distorted single-point-source wavefront. The adaptive
optics elements for this system are assumed to correspond to each single
aperture of this two aperture system. It is found that no improvement in
performance is achieved in speckle interferometry with adaptive optics over
conventional optics, in as much as the power spectrum is virtually unchanged.

1

e ke B TR B S B SRR S s A R R B R R

a2 gt

AN

UNCLASSIFIED

SECURITY CLASSIFICATION OF TH(S PAGE(When Data Entered)

RS AT B S A

T I




h

ey

——
St ey

K ‘:

2

i AN S e ot

i i
e

A e x e

PREFACE

This report is submitted in accordance with the requirements of

Contract No. F30602-79-C-0062, It represents the results of work com-

pleted between March 1979 and October 1979.

This report is a collection of several reports which previously

had been issued only informally. They are assembled in this document,

each constituting a single chapter.
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1.1 Analysis

In a recent paper! we calculated the probability that at any instant
of time the squared wavefront distortion, (excluding the part of the distor-
tion accountable as wavefront tilt) would be less than one radian-squared
averaged over a circular aperture of diameter D . We showed that if the
trubulence limited coherence diameter?® were r, then the probability was

well approximated by the expression
Prob (4? £ 1 ; D,r,) ~ 5.6 exp(-0.1557 (D/r,)?] . (1)

Here we have used the notation p2? to denote the aperture averaged
squared (but tilt-free) wavefront distortion, measured in units cf radians-
squared. In this chapter we wish to extend this result to apply for other
values of w3 than one radian-squared, and then to consider the probability
of achieving various levels of resolution for different values of aperture

diameter, taking account of the effect of the actual value of u*® on

resolution.

We start by noting that the basis for development of Eq. (1) was
the deccmposition of the random wavefront distortion over the aperture
area into a Karhunen-Loéve series with the random coefficient of the n™#
term in the series having a mean value of zero and a variance ¢2 . It
was shown that

g3 = ./i (D/r)s/a B3 (2)

- - '\n o] -3 !
where B, is a parameter derived entirely from the five-thirds power
dependence of the wave structure function and is dependent only on n.

The second key to our analysis is to recall that Eq. (1) was obtained by
noting that the probability in question corresponded to the probability

S SN AN SR I VPN O SRV
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that an infinite set of zero mean gaussian random variables, (S1 » S, )
H

S3s « « s 8, . . .), with standard deviations, (¢,, 95, F5,. . ., Sise o o)y :
F

would have a sum of squared values, (5,3+5,3 +5,2 +... + 5.3 +...) less

than or equal to one. This probability relationship provided the equation

=
Prob (u?< 1; D, 1) = || dS, (2me3)"1/2 ‘
i
L
a=1 !

Here the notation L, denotes a composite limit for the multi-dimensional
integral corresponding to a hyper-sphere of unit radius in the muliti- A
dimensional space of (S1 » S, S3,.04, Srl yees) » This notation can be ;

generalized to LX denoting a hyper-sphere of radius y . Thus we can
write, as a direct extension of thé formulation that lead to Eq. (3), that the

probability of u? taking a value less than or equal to x? is given by the

expression

AR M e AN D Al @ F o 4 Son ek W 2R S} Rty o n

Prob (Hn: s xa; D; rg) dr dsa (Zﬂ cna )-1/3
X

X exp(-%S3/e2) . (4)

By a simple change of variables, with

(5)

su = S‘/X )

g
7
%
&
S
3
]
£
¥

we can recast Eq. (4) in the form

RO R

=
Prob (2 s %; D, 1) =] é‘ ds, (27 (o /x)3772/3
1

a=1
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x exp(- % sua/(c‘/x)z] . (6)

Before attempting to exploit the form of Eq. (6), we first turn to a con-

sideration of Eq. (1) .

It is an easy matter to recast Eq. (1) in the form

’ 8/5.5/3
(0 /x)7 = %-/—5—3) 87 . (7)

Comparing Eq. (7) with Eq. (2) suggests that for a given value of r, ,
just as we would associate the value ¢, with the standard deviation of

the n'* Karhunen-Loéve series random coefficient for an aperture dia-
meter D, we would associate the value c'n/x with the standard deviation
of the n™ random coefficient for an aperture diameter D/x8/8. Now

noting that the right-hand-side oi Eq. (6) is equivalent to the right-hand-
side of Eq. (3) except that ¢ in Eq. (3) is replaced by ¢ /x in Eq. (6),
we see that we can equate the probability of u? being less than or equal

to x? for an aperture diameter D with the probability of w2 being less than

or equal to unity for an aperture diameter of D/x®®, Thus, we can write
Prob (435 x3; D,r,) = Prob (s s 1; D/x¥5,r,) . (8)

Now making use of Eq. (1) we can write
Prob (w2 5 x3; D, r)) = 5.6 exp(- 0.1557 x"23/5(D/r )3]. (9)

This is the first of the results we seek. In Fig. 1 we show this probability

plotted as a function of x for several different values of D/r, . The

form of Eq. (9) suggests an interesting and rather simple test of our
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theoretical results making use of short exposure a2stronomical observations i

with a fixed aperture telescope.
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WAVEFRONT DISTORTION, A

©

Figure L. Pratabulity of Various Lavels of Instantaneous Tilt-Fraee
Aparture Averaged /RMS) Wavefront Distortion.

Resuits are shown for t&, ee differsat values of aperture diameter,
correspondiag to D/r, 2 1, 3, and 10. Results shown he re were calculated
from Eq. (9) . Wavefrant distortion is measured n radizns.

With Eq. (9) in hand we are now ready to turn to the second of the
questions posed.at the start of this note, i.e., what is the probability of
achieving various levels of resolution with a particular aperture diameter, ,
and as a corollary, what aperture diameter maximizes the probability of 2
achieving a particular level of resolution. Following earlier procedures?®
we define 38 =agolution as the integral over spatial frequency of the

wavefront distyrtion limited modulation transfer function of our aperture,

- . 3
t(f), i.e., we can write the resolution as
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it is convenient to reference this resolution to the long-exposure resolution
achievable with a very large aperture diameter, which is limited by the co-

herence diameter, r, , and has the value3
[df exp[- 3.44 (A [T|/z, P21 . (11)
It can be shown that
_1:0.\
e )\) . (12)

For a given aperture diameter, D, and instantaneous aperture average
of the squared wavefront distortion, w3 , we wish to know what the re-

solution, R, is.

Strictly speaking, this value of #is a random variable which is
not entirely determined by u2 (and D) . However, if we note that we are
actually interested in the expected value of & taken over the sub-encsemble
of wavefront distortions samples which are characterized by this same

value of w2 , then we can approximate that

T, (T;D) exp{-3.44(A|E |/ )82 (1 - WE)/DF211, (13)

)
"

where r, is a modified coherence diameter whose value is given by the

expression

w2 o=
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r, = Dp"¥5/3.40 . (15)

Eq. (14) is chosen in accordance with our previous analysis* of the tilt-
free aperture averaged wavefront distortion squared, so that r, will
characterize a nseudo coherence diameter with ordinary wavefront dis-
tortion-like spatial characteristics but corresponding to an aperture
averaged wavefront distortion squared of u3 , over an aperture of diameter

D. T, (?; D) in Eq. (13) denotes the modulation transfer function associated
Its

with diffraction limited imaging through an aperture of diameter D ,

value is given Ly the expression

To (£: D) = D ) |

F (o) - (BN - 5T e

Bt 2 tn iy P N B

The form of Eq. (13) is based on the assumption (which we believe

is plausible but not certain) that the samples of wavefront distortion charac-
terized by some value of w? have the same general spatial form as those
characterized by any other value of w3, but with a different scale factor=—

the scale factor being the modified coherence diameter, r, .
Combining these equations and appropriately simplifying, it can be

shown that

RIR, = (D/r)® ¥(u?) (17)

where the function Y(«) is defined by the equation

¥(a) = 8 ! xdx { % [cos"1 (%) - x (1-x3)2/3 3}
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X exp [~ 26.45 (x%3. x3) «]

(13)

In Table 1 we list some sample values of ¥{«) and plot the function in

Fig. 2,

.85
.90
.95

Values of Y(a), Calculated From Eq. {18)

Hal)

.99972
.93619
.37715
.82229
. 717127
. 72382
. 07969
. 63862
. 60038
, 56478
,53161¢
. 30071
47190
. 44503
. 41997
. 39658
37478
. 35436
.33530
L 31749

TABLE 1

a t(a) o Y(a)
1.00 . 30084 6.00 . 020827
1.25 .23226 0.25 .019616
L. 50 . 18259 6.50 . 018524
1.75 . 14616 6.75 . 0175386
2.00 L1910 7.00 . 016637
2.28 . 098720 7.25 015817
2.50 . 083148 7.50 . 015066
2,175 . 071078 7.75 .014376
3.00 .061578 8,00 L013740
3.25 . 0583997 5.25 .013151
3.50 . 047861 8.50 . 012607
3,75 042827 8,175 .012101
+.00 . 038644 9.00 .011629

4,25 . 035127 9.25 .0L11190

4. 50 . 032137 9.50 .010778

4. 75 . 029571 9.75 .010393

5.00 . 027347 10, 00 .010032

5.25 .q25404

5.50 . 023694

5.75 . 022179
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Figure 2. Dependence of {(a)on & . ’é
The values plosted here are taken {rom Table 1. It 1s wnteresting :E
to note that Y{a) appears to be proportional to a~3/2 for values of 4
much larger than unity, and that it asympotically approaches unity for -4
very small values of g, with a knee 12 the curve of am 0.5 . ¢
E:

We are now ready to calculate the probability of some desired level

of resolution as a function of aperture diameter, D. We assume that r,

is fixed and so our aperture diameter converts to a value for O/r, and our

désired resolution converts to a value for £/F,. Then assuming some

-
value for aperture diameter and making use of Eq. (17) aad Table 1, we
g can solve for the allowed value of u or rather of X . To achieve this

level of resolution or better the aperture averaged squared tilt-free wave-
#? , must have a value less than x?., The probability

Following this computational

’ front distortion,
of this can be obtained by use of Eq. (9) .
procedure we have prepared the data shown in Table 2 and plotted in Fig. 3.
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These represent our basic results for this chapter.
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TABLE 2
Probability of Achieving the Resolution £ With an Aperture of Diameter D,

The quantity 1n parentheses accompanying each probability is the associated value of
x? . measured in radians-squared.

Diameter Probability
D/r, Rz 9R RalbR, Rz 258, Rz368R,
4 {0.45) 8,98 x 10”3
5 (0.84) 4.45x 1072 (0.35) 5.69 x 107
3 (1.19) 5.80 x 1072 (0.65) 4.73 x 10°¢ (0.28) 4.89 x 1071
? {1.50) 5.04 x 1073 {0.93) 1.28 x 1073 (6.54) 5.30 x 1077 {0.24) 1.77 x 10°18
8 {1.80) 4.10 x 10*® {1.19) 1.66 x 10=2 {0.76) 5.85x 107 (0.45) 3.70 x 10732 ra
9 (2.10) 3.14 x 1073 (1.43) 1.47x10°% (0.98) 1.30 x 10~ (0.63) 3.83 x 107
10 (2.40) 2.35x 1073 (1.66) 1.13 x 107 {1.19) 1.71x 1078 (0.84) 2.33x 10" %
11 {2.68) 1.75x10°? (1.88) 8.1l x 10™¢ {1.38) 1.33x 107 (1.01) 4.60x 10°% v '-
12 (3.00) 1.31x 10°2 {2.10) 5.58 x 107* {1.56) l.11x 0% {1.19) 6.43 x 107 :
13 (3.28) 1.00x 10°2 (2.32) 3.75x 10”¢ (1.74} 7.25x 10° (1.35) 5.68 x 10™°
14 (3.60) 7.86 x 1¢"3 (2.53) 2.51x 10™* (1.92) 4.98 x 107 (1.50) 3.74 x 10°*
15 (3.92) 6.22x 1073 (2.75) 1.69 x 107¢ (2.10) 3.13 x 107 (1.66) 2.73 x 10=¢
16 (4.25) 4.98 x 1073 {2.98) 1.18x 107¢ (2.27) 1.84 x 107 {1.80) 1.60x 10™*
17 (3.21) 8.28 x 107 (2.45) 1.17x 107 {1.95) 9.48 x 107
18 (3.4%) 5.89x 107 (2.82) 7.31x 107 (2.10) 5.54 x 10~ ﬂ;
19 {3.68) 4.26x 107 (2.80) 4.43 x 1077 {2.24) 2.90x 107
20 (3.92) 3.13 x 107 (2.98) 2.75x 10™  (2.39) 1.74 x 10~ 3
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The results plotted here are based oo the data wn Table 2.
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Two things are worth noting from Table 2 and Fig. 3 . First,

we note that for any desired value of resolution, the maximum probability
of achieving or exceeding this resolution is obtained if we choose an aper-
ture diameter such that D/r, is equal to about 2(R/R,}/® . This means
that the optimum aperture diameter for achieving a given resolution is
twice the diameter that would just achieve that resolution with diffraction
limited (i.e., turbulence-free) imaging. Second, we note that this maxi-
mum probability is achieved with an aperture averaged tilt-free wavefront
distortion limit, X*, of just about one radian-squared. This means that
Eq. (1), our previously published result, adequately defines the probability
of beirg able to achieve a given resolution if the aperture diameter is
properly chosen to maximize the probability of achieving that resolution.

It also allows us to write the probability of achieving a resolution X as

Prob (R 2 KR,) =~ 5.6 exp (- .6228 K} , (19)

where K measures the factor better than turbulence limited imaging

which we wish to achieve. It is also interesting to note that the probabi-

listic penalty of using a diameter larger than the optimum is small for the

higher optimum probability cases, but becomes increasingly severe as

we turn to the higher resolution lower optimum probability cases.

- 11 -

et ey s e
Frortd - cnan TURGRS S L
3 3 Eb

vas oo
LSS Te Ataet k425 185 s B PN D

B

N

VI e i,

o]

A RO MM AN iy itk e

-

RN R v,

e s AT s b e i
A i rkn s e T R R T

o dan

e N S L TR I RV

ST AT ARY w3 2n A p et

R SRR




AT AT LI MM TR B e I AT o i o)

A e S
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i 1. D. L. Fried, "Probability of Getting a Lucky Short-Exposure Image 3
g: Through Turbulence," J. Opt. Soc. Am. 68, 1651 (1978).

X 2. D. L. Fried, '"Optical Heterodyne Detection of an Atmospherically
2 Distorted Signal Wavefront,' Proc IEEE 55, 57 (1967).

D. L., Fried, "Optical Resolution Through a Randomly Inhomogeneous

's »‘,.. «
w
L[]

&E’ Medium for Very Long and Very Short Exposures,' J. Opt. Soc. v
i3 Am. 56, 1372 (1966).

o

D. L. Fried, 'Statistics of a Geometric Representation of Wave-
front Distortion," J. Opt. Soc. Am. 55, 1427 (1965).
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Chapter 2

Analysis of Speckle Interferometry
as
Applied to Adaptive Optics
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2. 1. Introduction

Although we wish to study the effect of speckle interferometry on
large aperture adaptive optics, we will confine our analysis to the Michel-
son stellar with a single adaptive optics actuator corresponding to each of
the two apertures, for the simple reason that it is mathematically and con-
ceptually easy to do so, while the mathematics of a full circular aperture
system appears intractable. We shall consider the adaptive optics to be a
pair of discrete elements, one for each aperture, so that while the phase
shift introduced by atmospheric turbulence varies over each element, the
mean phase error of each element is removed, i.e., is equal to zero,

It is clear that in a certain sense this pair of disjoint apertures case, cor-
responds to the disjoint pair of regions on a large circular aperture optical

system which give rise to any particular spatial frequency in the focal

plane. In this sense then the analysis of the Michelson stellar interferometer

case may be equated with the analysis of a full aperture system for a par-
ticular spatial frequency. The principle difference between this analysis
and the full aperture case is that in the latter we would have to consider
many pairs of disjoint regions, each pair contributing to a particular focal
plane spatial frequency of interest. To be mathematically exact we would
have to take account of the rather limited correlation between these pairs
of apertures. Because taking proper account of this correlation is mathe-
matically very complex, while physically it appears that there should be
no significant contribution to the final result, we have chosen to work with
the much simpler problem of the adaptive optics version of the Michelscon

stellar interferometer.
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2.2, Analysis
We consider the Labeyrie technique of speckle interferometry*, with
a single point source in our field-of-view at an angle 30 . We assume that

the source intensity, at wavelength A , is such that the amplitude at our

interferometer aperture is A. If we denote position on the aperture by the
two-dimensional vector ? , and let ¢(®) denote the instantaneous random
phase shift at ? introduced by atmospheric turbulence, we may then write

ior the wave function at the aperture due to this point source

UF) = Aexplik,-?+ig (] (1)

SN
ARERIEAR

where

k = 2n/n (2)

hREE I SR

is the optical wave number.

We assume that each element of the interferometer has a circular

clear aperture with diameter, D, This allows us to introduce the function

2 AL oA L PR A

W) = 1 if T falls within the aperture
B 0 otherwise ) (3)

to provide a mathematical description of the aperture, Thus, the wave

function of cur point source as it appears in the focal plane, as a function

of view-angle, is

w@) = U EBWDexp(-ikd-PHUR) . (4)

Here Y is a constant of proportionality that will drop out at our final results.
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The focal plane intensity may be written as

ot

1@ = 2@ . (5)

In the Labeyrie technique, the quantities of interest are the fourier angular

spatial frequency transform of the focal plane intensity,

~

S

O

SE) = [df exp(-2nif -8)I1(8) , (6)

Y

3, SR St Y 3
RS R OO LA B LR A S bR Sty XA A%

2t R g D8 o -
Db %%&%Mm&f&nwm’ffmwwm@h:#ﬁ (RAEITAENN ST

where f is the spatial frequency (in units of cycles per radian), and the

power spectrum,
JE) = (M) sE)y . (7

We use the angle bracket notation here and in the following to denote an

enscmble average over all possible turbulence-induced wavefront distor-

tion patterns.

Substituting Eq. (1) into Eq. (4), we get
wW@) = YA [dT W(P) explio (}) -1k (§ -F,) 2] . (8)

Substituting this into Eq. (5), and rewriting the product of integrals as a

double integral, we get
X8) = % |ul® a2 a2 d¥ W(D) W)
x exp {i[p(®) - ¢(F)]- i k[(E -8)  (F-TNI} . (9)

Using Eq. (6), we may write for the spatial frequency fourier transform
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SE) = B {u|*A? [ 48 4T dF W(R) W(¥)

x exp (-2m i T . 8) exp{ife(F) - ¢(F)]

-ik [@-8) . -1 . (10)

-

Replacing the variable of integration ) by V=% - 8, , we convert Eq. (10)

' to
SE) = %1%l A exp(-2rmif. ) [[[ d¥ dF a7
X W(2) W(D) exp [i[8(D) - 6(F)]-ikS « (B+AT -]} . (11)

We may now use the well known property of fourier transforms, namely:

[f dx dy’ exp(x 2mi x (y-y")] B(y) = h(y) , (12)

¥
N
3
M
H
K
2z
Iy
N
¥

ot

to perform the V- and ¥~ integrations in Eq. (11). Thus, we obtain the
result that

SE) = % |uf A" exp(-2mif.§) [a? W(P) W(T + 1)

x exp{i [p(®) -~ #(F +AD)1} . (13)

In developing this result we have absorbed a factor of A® into the constant
P
lul” .
The power spectrum, J(?) , is calculated by substituting Eq. (13)

into Eq. (7). This results in the expression

B AT R BT ey B 6 AP L A S oty St st s el f 712 b T



2(F) = % [ul* a® [ dF a? W) W(2 + D)
X W(2) W(™+2T) (exp(i[¢(T) - 8(F)
+ ¢ +Af) - ¢(2 +A5)]ID (14)

Here we have made z double integral out of the product of integrals so as

to be able to write ouzr result in this form.

To reduce this formidable expression, we shall use two tricks. The
first is the realization that for a gaussian random variable with zero.mean,
say X, and any constant @, the ensemble average of the exponential of their

product reduces to

(exp(ax)) = exp(k & (%)) (15)
The second trick is to make use of the algebraic identity
(a=btc=df = (a-b)? - (a=cf + (a=d)® + (9=c)® - (b=d)® + (c-d)?. (16)

Making use of Eq.(15), the ensemble averagn of the exponertial in Eq. (14)

may be rewritten as
(exp{i [ (F) - ¢(F) + $(¥ +Af) - o(F +AD)]1])
= exp{- ¥ ([d?) - ¢(F) + (F + M) - ¢(F +10)T°)] . (17)
So far, the discussion has paralleled (in fact, has been contiguous with)

the development presented in our earlier work® for a standard (i.e., non-

adaptive) optical system. To direct the discussion specifically toward the
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Michelson interferometer (with adaptive optics), we introduce the concept
of an average phase shaft for a particular aperture elemen.. We define
the average phase-shift, Q,, for the i™ aperture element
Q = - a3 ¢(®) :
t T a !
i 4
where a, is the area of the aperture element, and the integral is taken
over the ared of the i™ element. The average phase difference between
two disjoint aperture elements, i and i’, would be Q, - Q,,. Sincea

Michelson interferometer has only two elements, we may denote this

phase difference as

AR

Qz - Qx'

Lofarem - fare @ (18)
1

L LIV

Because the aperture element is under adaptive control, Q - Q,, will
remain constant in spite of time~-varying turbulence-induced changes in

the wavafront reaching the aperture.

Examining the definition of W(%F) in Eq. (3], we see that the in-
tegrand in Eq. (14) will have a nonzero value only if 7, ® + \f, ¥, and
T +Af all fall within one or the other of the two aperture elements, If
|AT| is small compared to an element diameter, it is possible for all of
> S LA k?, and  +Af to fall within the same element. In this case,

the mean square phase shift in Eq, (17) becomes
(Lp(m) - (F) +9(F +27) - o(F + A1) T?)

= (Tg(?) - o) - Lo®) - a(F + D)7
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& + ([p(R) - ¢(F +AD)TP) + (B(F) - ¢(F + D))
- ([e(F) - o(F + MDY + ([8(F + M) - 8(F +A0])

= H?-P) -5 -2 - 2AT) +5L) +50T)

- HT-P+A) +8(F-F) for |T] sa/D , (19)
where 4(g) is the wave-structure function, defined by the equation
Hp) = ([8(F +o) - &) . {20)
If [AT| is large compared to an element diameter, nonzero values of
the integrand of Eq. (14) occur only if ¥ and T/ fall in one aperture element,
and ? + AT and ? + Af fall in the other. In this case, taking account of the

adaptive optics, the mean square phase shift in Eq. (17) becomes

(B(®) - (F) + ¢(F +AT) - ¢(@ + A\ D)P)

({6(®) - 8(F) + [p(F +1T) - 8Q] - [8(F +AT) - 4Q]17)

(o) - 6(@)71%) - ({o(D) - [o(F +AT) - 4Q1PP)
+ (fp(® - BE+AD) - 1Py + ({s(@)-La(F + 20)-0Q1 )

- ({B(F) - [8(F + A7) -AQIP) + ({[p(F +17)-aQ1-[#(F +2T)-aQ1}*

(To(@) - (Y - (Le(P) - o(F + )T - AP)
- 2 (aQLe(F) - ¢(F +21)])
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+ (lo()-9(F + AT) 1)+ (a@) +2 AQL(T) - ¢(F +AD)D

+ (La(¥) - o(F +aD)0D + (AP) +2(aQle(F) - o(F +:)D

b - (Lo() - (2 +AD)1?) - (aQ3)- 2(8QL(F) - ¢ + D)D)
. 3
+ ([p(® +1T) - 0(F + M)TP
= ([e@ - #(NI - ([8(F) - o(F +2)1) E
. b (LB(F) - o(F + 0D + (La(@) - ¢(F +AD)1D
- (L) - 92 +AD)T) + ([9(F +1T) - 9(F +2D)T)
= 8(F-F) - 5@ -7-2F) +207) +207) ,
5 HF-T-ND) 42 - for F>>A/D . (21 |
L '

e We see that Eq.'s (19) and (21) are identical, so we need not

T

.
R o
PN 232

R &‘_’_il. B

concern ourselves with the limitations of |T| in each expression. We

::,h-...g e
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may then rewrite Eq. (14) as

>

) = 3 |yf*(A) [ 4R & WD) W(E +1) W) W +18)

Xy
A
~7F
¢
N

expl- 2 (BT - ) - 43 - ¥ - M) + 50D +2(\T)

PRIt
S

~HE-TPHM)FEE - (22)

IRy

Eq. (22) is identical to Eq. (18} of our previous work® which was developed

under the assumption of stationary optics.
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2.3, Conclusions

The logic used to develop Eq. (22) may be extended beyond the Michel-
son interferometer with two widely spaced aperture elements, to include any
finite number of nonoverlapping aperture segments. Thus, we see that the
introduction of adaptive optics has not at all affected the power spectrum

of the focal plane intensity. f

In other words, no improvement whatsoever can be expected from

25 e S (A Fr ey ot P e S e e S o 2

removing the average phase shift error from a pair of finite~-sized disjoint
elements in the aperture. It is only if the adaptive optics makes fine enough
scale corrections for 5T - ¥) to be affected for the small separations

I? -7 ] that the adaptive optics could affect the power spectrum. For the
very coarse form of adaptive optics which we are considering here, for which
there is no adaptive optics correctioa of the wavefront distortion between two
points ¥ and ¥ close enough together to be in the same aperture element of
the Michelson stellar interferometer, the adaptive optics cannot affect the
statistical quality of the focal plane pattern. In this case, we see the speckle

interferometry is not helped by use of coarse adaptive optics.
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