© 25 October 1976

'3MEMORANDUM TO: I. Cindrich | |
";;FROM L. Somers, F. Schwab and C. Aleksoff

'r:;SUBJECT:f dd Spherlcal Wave Defects for a'Particular“
L - Optical Fourier Transform Configuration

nflntroductlon

- The optical Fourler'transform(FT) conflguratlon con31dered

,n-ls shown in Figure 1. It consists of an 1nput plane (uv) and

‘,:an output plane (xy) the latter contains a sensor array which
,'gls operated in a mode such that the output SLgnal is proportlonal

: CE  is a coherent reference wave, here taken for 31mp11c1ty
'-'to be

,‘lRl,. , v »

thhat 1s, a dlverglng spherlcal wavefront with origin at

u=v=2z-=0. This reference wave is 1ntroduced to llnearlze

5~the processor output

' E*&, the wave contalnlng the FT of the data placed in the |
u-v plane is the result of diffraction which takes place between
- the u-v and x-y planes The Huggens- -Fresnel 1ntegra1 (solved

"r,by Sommerfeld) represents the phy81cs
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result of an illuminating wave E_

- Exy ".'"i}X JI (E )(v22>‘<§z—2-) ,du'dv."v S (3

(E ) is the complex amplitude of ‘the optlcal wave
in the u-v plane

'(ﬁ—). is an "obliquity" term

-ikR : ' : _
'(:fﬁf—2>is the diverging Huggens spherical wavefront
2 from every u-v point

‘\[7 u - x\2 u - 2 N
R2 =ZN1 + ( > + (—_E_X )_ the distance
between points (u,v,0) and (x,y,2z)

Euv’ the optical wave exiting the u-v plane, is the

and the transmission (ampli-

tude of the w-v plane modulator (We call the combination,
‘1liquid gate and input 51gna1 film, a modulator because it

introduces the desired input signal onto a uniform wavefront)
That is '

| Euv = 'Es] (3R3 ) [B + Vuv cos (ch + ¢uv)] ()



where the flrst term is a unlform converglng lllumlnatlon

wave and the second texrm 1s the amplitude transmission of
: the film. '

'f‘ Subst1tut1ng 2, 3 and 4 into 1 results in

1 1kR1 o 1kRW \ ' | - |
R IErI jI B + Vuv.Cos URY +‘¢uv)a

-ikR
Z 9————3 dudv o ' o (5)
Rafl Rz SRR |

which is proportional to the voltage output from the sensor -
array. A slightly different form of this equation is'shown in
Figures2 and 3 where the usual optical aberrations k

(re—
‘ferred to the u-v plane) are also included.

xy
Equation 5 can be rewritten as

IE_IESL [ | 5 ik(R{+Ry-R))
_rilst 17372
R N H [B + v, Cos (WU + ¢uv)] —Lr— e

- RiRaR3 | o

i%(ux+vy) -ig(ux+vy)
x e e dudv

or .as

VE_IE_] | iE(uX+vy) | f

R—LT“S—IJB*V Cos (WU + ¢ )] e 2 " D dudv

. . . ' uv ‘ C uv ) (UV)v

) - ‘ 3 . Xy
()

where
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strumentation. For the case of small values of u,v and x,y,

"Dfd can.be thought of as the defect in:thedoptiCal FT in-

av © =3 ¢ which is a constant and can beu normallzed"
- out. z ~As u,v or x,y become larger, R,, R2 and R3.are no

longer constants (equal to z) and the FT operation of the
instrument becomes degraded. The result is the introduction
- of errors into the output of the FT instrument. L

A Look at the Defect and Resulting Errors

There are at least two ways to examine thlS defect, numerlc-;
ally and with series expansions.. The-former has been done for
~the:VLAvaperture, A-array at 40° Dec and 12¥hcur coverage. A
512 x 512 FFT was used. About 10 points per SynthesiZed beam
(to null diameter) were used. dThe results are showh:on the
. follow1ng pages.

‘The first series of printouts is the calculated beam o
(equatlon 5 or 6) normalized to 100 at the peak. The para-
meter in the top right corner of each plot is the beam location
in the output plane (in mm) and the second term is the absolute

‘amplitude of the peak in the beam. Thus 10/0.9999 is the calcu-
~ lated beam for.40°>Dec, 12-hour coverage, A-array,vlo mm from
"thé:bpticallaxis. The peak beam amplitude (absolute) is 0.9999.

The second series of printout is the difference between
the previously celculated’beams (above) and a defect-free beam
.(N.B.)This difference was calculated after a coarse calibration
gfor'shiftbof position and change of gain had been‘made."The
_:hEéding information (mm/peak‘absolute amplitude)‘is the same
‘as the first prlntout and there is a 1l: 1 correspondence be-
’~tween pages in each series. ' ‘ ‘ B



" The numerical calculation performed for the error maps
o - , oL T

D
uv

SR v ‘ig(ux+Vy) : . R S |
E =R Ife 8 ' - S d 3 dudv
B ' W b_ﬂ‘SUV dudv 1kz ff uav
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e

(N B.) |
We must still check the output plane scale factors. The

input plane scale factors are:

72000 m (uv) a 50 mm or 60 mm
. (£25) . (230)

The output plane scale'factors_should be about
100 mm o 61' arc

Are they?

Areas of Interest ‘
‘We are primarily concerned with the processor errcr at:

1.' the central point in the beam (It should be
within 1A of its correct value.) '

:2;7 the region outside the peak of the first side 1obe
o (Here the error should be less than 1% of the value
at the peak of the beam.)

In these calculations of the error maps the gain was adjusted
' so condltlon (1) is always 0%. The resulting peak error out-
side the ring of the first side lobe haS'been‘manually searched
‘_»éhd evaluated. The results are shown on the next page.,
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We are in the process of simulating an improved calibration
“for both beam positibn shift as well’as beam focus shift. This -
‘will be done for both VLA and. clear (fully sampled) apertures.
(c1rcu1ar) ‘ :

The second p01nt of v1ew, series expan31ons, are as
follows: ‘ ' ‘

D, | —-—2——;1+1R(R +R3-'R2-‘-_‘§’5--‘3§’-)
'xy R1RaR3 - |

.2

Z
. . k< =2

 The resulting map or Fourier transform is (from 6)

L L |

from which we see. the defect generated errors to be pr1nc1pally }
of the form ' -

- R b ——3' r r
2Z

where b_ y is the map (beam) and T is the FT of R. (N.B.) Thls f
result is not strictly correct because R is a function of uv

~and xy. It, thus, must be evaluated for each value of xy :The ef‘ 

~only value I find in the precedlng is the phy51cal understandlnge
intrinsic in equatlon 9. ' ' B B



1t is also possible to write the defect term

, ik(R +R,-R -——-1’1)

P T PR, C o I
Xy 123 R

,as (1n one- dlmenSJ.on for ease)

- ze

‘ﬁzh\,l+x2/z l+u / z° (\/l + 9—:;—}5)

1k(——-rz\/l+x /z +z\!l+u [z +\/l+(u x/z) )

Expanding the square roots

. . o, 4
1 _ 2, 2 _ X X . :
'—z- —Jl + x7/z v— 1+ 5—2-2- - _?; + H.O.

R3 _ ‘r*~—-77;§ o u2 l'ué :

2 =gl +u/z° =1+, - 2 4+ Ho.

z Sy
2-2ux+x

A

By =g+ L+ 52— -
Z 227 82
ub - 4u3x N 6u2 2 . o3 + x4
: ~.and fofming (Rl»+ R3 - R, - %’5) we get
3. .22 3
1k{ (1-““5%6“ — - ‘*“XE + H".O)} N
_ o 8z 8z 8z : o e Jo e

Xy oz [%+(“ ")]VH_Z J1+_Z

Equatlon 10 shows the form and source of defects and resultlng
map errors, to wit, ‘
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