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ABSTRACT

The abili*y t> measurs and predict a*mospheric
turbulence affectiny 1laser b2am propagation is a aajor
concern when considaring military applications. Such a
method using a telescope, high r2solutior t2levision camera,
video tape recorder, digital s%torage sscilloscope, and
calculator system has been devised, *est2d and u=ilized. A
laser beam signal is record2d on video tape for €further
processing. This signal is 3isplayed, stored and digitized
using a Tektronix 453 digital storage oscilloscope. The
digitiz=d signal is s2n%t to a Hzwlett-Packard 9825 computzing
system for Fourier transform azalysis anrd dstermination of
the refractive index siruc<urz constan+t, Chi- S=zv aral
trials were conduct21 using H2-Ne¢ and Ga-As lasers. The

results demonstrateil good correla“izcn with <+“heorstical

predictions as well a1s praviously analyzel ijata.
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I. INTRJDUCTION

A. BACKGROUND

The increasing use of lasers and lassr technrology for
military apgplications has brought about a need for analiysis
of +he 1laser beam in its 2nvirorment, the +urbulent
atmosphere. A projs2z+ at Naval Postgraduzte Schoel dealing
with this subject is continuiaz and is the main +opic of
this thesis.

The patterns produced by lasers on targets have inherant
probtlems that includ2 broadeniny, beam wander and inzsnsity
fluctuaticns brought about by turbulence in “he a<mosphare.
These effscts of atad>spheric tucbulence on laser propagaczicn
have been well det=razined [Ref. 1]. In terms of “he Fr-ied
model, [Ref. 2], Cn?, the resfractive index strucxure
constarnt, has besn detsrmin=l +to adequately express <he
Modulation Transfer Punction (MIF), cr ths Mutual Coherance
Purnction (MCPF) for the atmosphsra.

A system has been develop2d that provides a measursmsnt
of Ch2 for atmospharic turbulzace along the optical path

through which a laser is propayated. Th2 system employs 2




vidicon and telescop2 as the d2¢zc+or and 2 éistant Ziszr as
the source. This system Juplicites the slit scancing system
presently in use at Naval ©Postgraduete School [Ref. 2].
Tests using the wvidicon equipment have besn previously
completed with values for CL2 >n the order of 10-1s p-2/3
being cbtained [Ref. 3]. M2asurzments have been mad2 using
the same experimental set-up, =2xcept *hat the Tektrornix 468
Digital Stcrage 3Jszilloscop2 2arz used £for digi<iza=ion
instead of +he Quant2x DS-30 Dijyital Vvidss Prccessor. Thaese

measurements have deaonstrat2d values ol I, 2 of comparable

accuracy.

B. PROBLEM
By using “he digital storagy:s capability of the I=z2k:ronix
u68, <the previously recorded laser signal Is used 2as an

input and is evaluat2l by modifying the program developsd by

} e

Crager [Ref. 4]. A brief ovarview of +he prccedurs [
described below. Detailed explintions oZ the experiment and
computer program ar2 contaiasl in Chapters III aad 1V,
respec+tively. -

The approach takan Iis basically +he same as that of

Crager, but because 5f *he unavailability of a disk RO it

is necessary to sto>re both raw and processed data ot

10
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nagre*ic *tape. Ths d:ts 2:z2  loaded and cecozizi ozs
necessary by :the HP 93325. Thz tasic assiaapticn psraic=irng

anralysis is that th2 horizonta2l TV scan line thrﬁugh +he
laser spot is considared to accurately mircor a pcint spread
function of the iaage. Pinal analysis wusing th2 468
oscilloscope has shown this t> ba a valid hypothesis. The
digitized data from the 468 »>scilloscop: agrese with the

previously measured 1ata which

—
U}

2 many pizels of <“zlevision

data digitized by %+he DS-30 t

[5)
(1]
™
o
(]
1))
[]]
n

the poin+t spzead
function.

The szquence of analysis is that a video tape racording
is made of the TV image of “Lz propagata2d laser bead. The

nt *5 the Tek=ronix 468,

t
a

-
1

g-ae

output o9f the viizo cecorder
where the derived I'V scaa lin2 is digitized, averagsd, and
stored. The HP 9825 records thz iigi+ized Jata and produces
a 1line spreai function (LSF), by integrating *he point

spread function,

Y (max)

LS3T(x) = /PSF(’:) iy (1. 1)
Y (min)

vhere

1




r = \J(x24y2) "

and computes the PFouriszr transform of the LSF. The

diffraction 1limited Fourisr transform of the cptics is now

computed if the MIF >f the optics has rot besen praviously

measured =2xperimentally. Next,

the atmosphere by dividing tha

th

T R R - B e T e el -~ -
Lourlac et G S U Fidie Iang e -

oy +t

o
1]
w

-
X3

fitting, the program computes a

the program finds the MIF of

Pourier transform ¢f thz LS?

>otics, Fiz21ly, by curvs

single value for Cp2.

The program now predicts th2 size of 3 laser spo%t on 2

tafget using the calcalated valas of Cp2. This value of C,2

is used t2 calculate an MPF oF

the atmosphere which is <hen

multiplied by +the Fourier transform of a2 source, ani <he

Fourier ¢transform >f the »>

calculates +the inversa Fouri

w

T

U

CS. The program *hen

o
. *

transform o5f the products cf

the above and uses the Abel transform to give the azgula:r

oint spread intensity distriosution.
P

fraction of 2nergy as a functioa

a given radius R is calculatei.

12
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The thecry of laser besam propagation through 2 =zurbulent
medium has been explained by Crit+enden, 22d others, 2and is
re-emphasized here for continuity purposes [Ref. 2]. Since
the effects of +urbulence on laser weapons 1is of major
concern, measurement and prziiction «capability £or these

effects 0on laser bzans isg entir

t4

levant

W

VK

W

Due to the existance of r=2ciprocity, these id=as apply
to eithar 1laser dssigynators or imagers [Ref. 5]. In ths
stuéy of the theoretical mod2l by Fried, +the effects of
atmcspharic turbuleice are iivastigated T Ref. 6]. This
model uses the idea SE a long ta2rm optical transfer fuac+ion
(OTF) when considering atmosphaaric turbulanca. Th2 long
term OTF results from simply tacing an imags of sufficiently
long +*erm which sees effectivaly all possibie +turbulence
configuraticens.

When observing ta2 effsct of diffraction as <+he ra2sult
of the finite aperture of a point source, it car be seen
that +h? resulting image is not uniform. Considering <%he
point spread function to have th2 same shape in <+<he inmage
plare regardless of its positis>a, the image function is <he

result of the convolution of thes source func+ion and +<he

13




op-ics diffraction function. The <convolution theorem, as

described in Fourisr transfora theory, yields
1(v(x),v(Y))=H (V(X), v (Y)) *o(v(X),v(y))*M(v(X),V(Y)) (2.1)
wvhere

i(v(x) ,v(y)) = Fouriar transfora of the image function
diffraction

H{v(x),v(y))= Fcuriesr ¢ransform >

function

9
La)
oF
o
®
O
e}
*
i
Q
1]

o(v(x) ,v(y)) = Feuri=sr transforn of the object function

tion Transfer Func=isn of

M(v(x),(v(y)) = 1 %mosphere

odul
the 2

v = spatial frequency

A point source suach as 2 laser can bz analyzed irn *we
dimensions using a point spr=2al function. Through Fourier
transform theory, the 3image point spread funciion <is
transformed into a two dim=nsional OTF of <*he optical
sigral. This problam may bs simplified by scanning the
image point spread function usiay a vidicon or sli%t-scanning
systen. In applyingy the <convilution thedrem, <the Foucrier
transform of the imaje point spread function is multipiied
vith the Fourier traasform of :he optical system resul<+ing

in the Fourier transform of ths overall systam. The Abel

14
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*-arsfora described by Griem, is applied ¢
re-transform the 02i12-dimensis>iil Image LSP in*o 3 two
dimensional image PSF [Ref. 7].

As demonstrated by Crittendan, and othsrs, a numerical
value for Cpu2 may b2 obtain2d by curve fitting using <he

following:

M = exp(-21.U9%C 252 #£5/3&)~1/3) (2.2)
where
M = MTP of the atmosphere

Z = Range in meters

rh
1]

F*v = Angular spatial fregusncy in cycles/radian
F = focal length of the coptical systenm

v = linear spatial fraquency in cycles/metar

A = wavelangth in metars

Cnh? 1s obtained by a linear r23ression of

In(M) = -21.49%C 2%2%£S/3%)\~1/3 (2.3)

where Cpn2 is the only parametar.
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IIT. EXPERIMENIAL 2ROCEDURE

The experiment is performs2l wusing two different laser
sources, helium-n20a (He-N2) 2and gallium-arsenide (Ga-As).
Figure 3.1 shows a blaock diagram of the 2xperimental s=2+%-up
used for both lasers.

The measurement >f C,2 alonj the optical path is made by

- -

jobay

fu

<ae Cor

(41

a: the far =zai ¢

o

using a vidicon ani z2lessop

in the basement of Spanagsl Hall. Atmospheric turbulence is
..o prcduced by nine overhead hot air ventilators. The opticail
equipment similar ¢o that described in refarsnce 3, consists
of a 6 inch' diamstar Casssgrain “elescope with a 90 inch
focal length [gef. 3.

Using neutral d=2nsity absorption filitzrs to att=2nuate
the irtensity of the 1lassr bean, the telescop2 is
illuminated at its iiput apertus2. The light image £from the
telescope is split by a bzam splitter with one beam sanz <o
- the vidicon and <the >ther to5 a slit scanner for comparison
of the two systens, The light <is %then transformed %o an
analog signal and rscorded on a Panasonic(NV-9240) video
tape recorder for processing. The Jata from +the slit
scanning system are racorded on 2 precision instrument <ape

.‘ recorder for analysis. Af-er ra2cording the video signal,

16
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analiysis is accomplishel usiay a Tek%ronix 468 Digyi+al
Storage Oscilloscope and a Hs#latt Packard 93825 Coapucing
Systea. The linearity of the Panasonic tape recorier was
demons-rated in Crager's thesis. This is also corfirm=24d by
observing the images as r21al time and Tecorded
displays [Ref. 31].

Thz U468 s5scilloscope is s2t-up in +he following manner.
Ar input signal to chanr2l A is located on the scope using
the non-storage moie, PThz siynal is *hen displaved using
+he A INTENSITY switzh of ¢th2 horizontal display. This
irtenrsifi=d zone is 1sed *to position the B sweep (delayed)
%0 the desirsd 1location within the A sweep interval *o
obtzin an expanded viaw of 3 wavaform for s2xaminztion. Once
the waveform Is <ceatered o5n the scope, the lLerizontal
display is switchei t> B DLY'D. This is done to facilitate
the digital storage circuil try time base by using the sat<*ing
of the B TIME/DIV switch.

The waveform is 2xpanded ian “ime by decreasing ¢the A

TIME/DIV switch setting and moving +he waveform back to the

middle of +the scope using the 12lay +ims posisicn coantrol
dial. When a reprazsentativs saveform Is ob+ained, “he B

TIME/DIV switch is *then used in conjunctisn wi4h the delay

.r‘".,, PR R
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time positiecn centrol dizl <5 zxpand <h:z time =sczlz waneil
the singls cerntral anaximum of the waveform is centazzd and
one horizontal sweep is display2a1.

Once this waveforas is satisfactorily obtained, ¢ths AVG
storage mode is s2lected. Th2 U468 will average the input

signal for a selsctad number of sweeps and display +he

accumulatsd wavefora. A1l data for <this thesis usz 32
sweeps for earh averaje. Tnz 468 is now ready zc =<ransfer

data when intsrrogat2l by ths HP 9825.

The computer is +hs coatroller for all :iIptarfacing
operations with only a miiimal amount <¢f sperator
interaction. The oJperator intarface Is maialy +*to =nsucs
that the equipment is properly s=2+t up and to selsct if data
are *o0 b2 plotted. Digitizazion of +the analog signal is
accomplished by the T'2ktronix 453%. Processed wavefora data
are transferred £frox the wmicroprocesssr aemory t©o the
Storage Display RAM [Ref. 8].

The con+rolling >rogram of “hes HP 9825 interrogates the

468 via the IEEE 488 inta2rfaczs bus. Thes U468 receives <he

data raquest from the controllar and sends the waveform
message, both preamble and data. The waveform message is

stored in the <calculator memdory £cr further processing.

19
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When the message 1s complated, ths 468 conzludes with an end
of Instruction zteramiaator and the controller +takes cecrntrol
of the bus again.

Data processiny 5f the digitized signal begins with the
data being stored on magnetic tape for further use by the
computer. The data are storszl, processed and plotted by th2

main programe. Subroutines ars called as nacessary for their

specific uses. Thas +¢wo signal waveforms are recordsd and
processed. First, the signal from a laser beam incii=n+ at
the aperture of thz ta2lescope is recorded. Figures 3.2 and

3.3 shov these recoried iata waich are razfzsrred tc as <tte
source data. .Seconi, for calibration, the sigral fcom a

laser Dbeam with a 3Jiffractisn grating ia pla

rS &
e 3% oo}

({1

O

aperture of the telescope is r=2corded. Th2 entire system is
calibrated by using a gratiny <+*hat consists of closely
spaced ver+ical bars in front of the talescope. This
produces a diffractioa pattern in the imags plane and allows
for *he <calculation >f the scale fac*or. These recorded
data are referred to as the scale data and are plott=zd in
Pigures 3.4 and 3.5.

During the recoriing procass, +the signal from the laser

beam is recorded on video tape while the signal is obsa2rved

20
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oscilicscore.

data taking since lasar alignmsnt ia;

g

often vary sensitive to minor movements of

of i

2

completion recoriing the ata on vidano

experiment

data. The first its2a *o be dst2rmined is 2he scalsa

Once the scale

[ ad

wi

Hh
W
Q
ct
[$
"
=2
[+)]
n

R+
W
w
=]
(o
w
ct
®
o]
=2
[
o]
W
[N

-

focal length is changad.

The scale factor is calculatsd ir +ha2 folliowing

The number 2£ points between th= peaks Iin

scale ga+*a (diffraction gratiny iz »olac

({1}

telescope aperture) is measurzi. dhzn +*h2 jis+anc

)
=

D

peaks, ths spacing bstween th2 bars in *he gratiag,

wavelength ¢f +the laser are kaswn, =he scale fac*or

from

calculated +the r=2lation

sia (thata) = A/4
sin (theta) ~ theta

(small angl2 approximation)

st

(theta) /ndp

sf = A/ (d*ndp)

25
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whers
sf = scale factor in radiars ps: point
ii‘ A = wava2length in a2ters
d = spacing between lines on jrating in msters

ndp = numb%: of points _betwee n a% maximum

Tt
pea
This s=andardizes th2 data for the abscissz of <he plots in
radians psT point,

The program now takes the transferr=2d 3data and computes
a point spreai func+ion as showa in Fiqgures 3.6 and 3.7.
Figures 3.8 and 3.3 r2presant <the poiat spread func=icn
afzer irtegra*icn using szgquazis>n (1.1) t> ob=wain a line

spread function. N2x+, the PFrurier +transform of ¢he line

spread func+ion is calculated. These curves are plot:=24 in
Pigures 3.10 a2nd 3. 11.

ff The diffraction of the optics is computad and plotted as
shown in Pigures 3.12 and 3.13. Following the same ma2thod
as before, the line spread function of ths optics func+ion
;i is calculated and plotted in Figures 3.1% and 3.15. The
program now takes the Fouriar transfora of the optics

function LSF. Thesa data ar2 plotted in Figures 3.16 and

25
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3.17. The Fourisr &tran:
divided point by point t> yi2il *he MTF 5f the atmosohazare,
as showr in Figuras 3.18 anil 3.19. The ¥TF 3£ +the
atmcsphers will be us2d t> calculate the long-term valu=2 of
Cp2.

Cn2 is calculated by lirear ragression 5f 1in (MTF) versus
fs /3, The siope of the regrassion is proportional to Cj2.

Twc simultaneous =aquations arsz solved using Crcamer's rcul

m

and the matrix ROM of the HP 9825. The eguzations used are

A% + b*I = Y (3.95)

1%X2 + bkX = Y*X (3.6)

where

o]
]

slcpe of the cucva

o
]

intercept

>
"

summation of (I*sf)**(5/3)

X*%*x2 = summation of (I *sf)**(10/3)

-
[[]

point number (t5zal number = 256)

L
]

summation of natural logarithm of MTF

Y*X = summa*ion of products of two values

29
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Ch2 is obtained from the abov:s informa*icn using =2gaation
(2.3). This will yi=2ld
Ch2 = a/(=21. 49%Z*£f*%(5/3) * *%x(-1/3)) (3.7)

The program now goes to the prediction phase 1after
calculating C,2 f£>r the ataosphere. If a Gaussian

dis*ribution for an input sourc: and a valuz of the standard

¥

deviation ars assuz2d >- known, the resulting souzce

-

4 sourcc

o
th

function can be calculated. A plot ths comput

w
({1

is shown in Pigure 3.20. It caa be seen from this plot <ha+*
the half-width at half-maximum is approximately u
microradians. As bzfore, the line spread function of +<he
compu«2d source is caicuia“sd 213 plo=t=zd. This is showa iz
Figure 3.21. The Fourier transform >f +this daza Iis
calculated and plot+21 in Figurs 3.22.

The program now multipliss ths Pourisr transform of the
computed source with the transform of the system (including
the atmosphers) andl plots the result in Figures 3.23 and
3. 24, Plots of the inverss Fourier transform ace showa in
Figures 3.25 and 3.25. ©N=2xt, th= Abel transform is computed
anéd plotted in Figurass 3.27 ani 3.28. The Abel transform,

as described in Chapter 1II, transforas a one-dimensional

30
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function. Finally, tne fraction of power iaside a circls of
radius R is calculat2d and plotted as shoan in Figuraes 3.29
and 3.30. This is the fraction of power that one would
expect to be incident on 2 tarJjat using ¢the measursd value
of atmospheric turbulsnce as an inpu* paramster. A detailed
aralysis of the computer progr-am is the subject of =h2 next

chapter.
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IV. COMEUIE

I
[L¥]

The program pressated hers is writ*en in =<he algorithamic
language as outlinel by Grahas [Ref. 9]. It is in%=aded
that the language in use h=2r2 be 'macaine independen=.

Comments appear in parentheses.

Algcri+hm_Laser
(Irpu~ which laser is uszd.)
Input Laser_Wavelangth
ESTRING<== Type_>f _Laser
(Irput if +the particular lassc source da*ta zare recorded.
The following lines 131e+erminz if <he laser source da:: ar2

already reccrded. If thes sourcs da*z ars 10t rzcorded then

W

the program goes t> the ¢transfer subroutine +o 2allow
interfacing with tha 468 to =sff=zct a data +transfer. The

parametars passed to the Plot subroutine have the following

significance: +the ficrst paramstar determines th2 horizontal
index, for example 512 points or the number of microradians.

The second parameter tells ths computsr which file *hs da*a

r- are recorded on so ti2 data can be loaded into memorye. The
final parameter det2rmines th2 labeling of +the horizontal
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microradian.)
If Laser_Source_not_recoriel ¢then
Call Transfar (Source_Fils)
Call Plot(512,Source_File,0)
Erd If
(Irput if the particular 1lassr scale data zre rscordiesi.
Scale data are r2corded with <the Adiffractior gratiag in
place. If the szcale data 122d to be recorded, the
subrou+ine Transfer is calied 211 the scale data are stor=d
on a separaie file.)

If Laser_Scale_not_recordad zhen

Transfar (Scala_Filz)

1

™ )
e

a

0}

Call Plot(512,Scale_£fil2,0)

End If

Input Scale_Factor
(Caiculation of the scale factor is detailsad in Chapter IIT.
Comparison of <+the time base 2f the raccrded data is
necessary to ensure that +the 1ata recorded have +he same
time scale on +he »>scilloscopz. If <+he time scalss are
different the program stops anl Jdisplays an =2rror message.

A file is loaded, <*“h2 wavefora preamble is searched £for <he
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"XUNITSH or M"XINCR" oscilloscope sstti

particular data ar= storsi. This i3 done
recorded files: source, szals, angd

Collimated data rsfazr ¢> tha same laser

controlled conditions. The laser beam i

collinated
recorded

s projected

under

in a

collimator and recori=d on tape. This data could be used to

remove any non-lin

w

equipment, or receiviag optics. Deta zlan

({1

tc ensure consistancy of izputs.)
Input Laser_sourcz
B<== pos(Laser_S>urce, 'R:"')
R1<== val ('"B+2',3+4")

B<{== pos(lLaser_souzcs, 'IT:)

<3

ASTRING<== Lasar_3ource ('B+3','3+4")
Input(Laser_Scalsz)

B<== pos(Laser_Sczale,'R:")

R2<== val (*B+2',B+U4")

B<== pos({Laser_Szile,'IT:")
BSTRING<== Laser_3Scala(*B¢3','Beu?")
Input(Collimatad_3ource)

B<== pos(Collimac2d_So>urca,'R:')
R3<== val('B+2','B+4)

B<== pos(Collimat2d4_Sourcz,'IT:"')
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CSTRING<== Collima‘ed_

Ur=z (B+30, 71344 1)

If R1=R2=R2 <than
If ASTRING = BSTRING = ZSTRING then

Input RDATA(Fils_YNumber)

End If

Else
Output 'ERRIR IN TIME SCALE!
Stop

End If

A<==B<==C<==0
(Array is ini+ializ=31 %o 0)

Do for I = 1 to 512

YDATA(I)<== RDATA (I)
End Do
(TLis section £akes the 3ata from the wavafor-m 1essage as
transfsrred Zrom th2 468 and r=aoves any DC background from
ar image as well as subtractiny the minimum value in order
to "zero" the data. This makes y=0 as ths s+ar+ing point
for both calculation and plotting purposss. Data up %7 51

and greater than 463 are summ2l and stored in B.

This represents the "wings" 5f the curve. This

- process removes the DC background from an image.)

Do for I = 1 to 512
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A<== A+YDATA(D)
I£ I < 51 than
B<== YDATA(L) + B
End If
£ I > 463 then
B<== YDATA(I) + B
End If
2nd De
(Output for debuggiaz)

Ou<put A,B

(Average of the sum >f data values in the "wings".)
D<== B/ 100

(This is the total sam of all 1ita less tha “wiags" value.)
A<== A=-512%D

(ALl data are summel and stor2l in C. Each data

is compared with th2 previous total diviiaz3 by 2.

This will find the iadex value, I, for which

the maximum value exists.)

Do for I = 1 ¢t> 512

’ YDATA (I)<== Y DATA(I)-D

] -
B C<== YDATA(I) + 2

2 If C < A/2 then

J<== I
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gnd If
End Do
(Output for debuggiag.)

Qutput C,J

(The curve is shift231 so that thz maximum value starts
at the origin of th2 horizootal axis. This is called
the point spread funztion 2and is recordei as RDATA.)
Do for K = 1 t> 256
IDATA (K)<==
YDATA((J=K+ 1) mod512+1) ¢+YDATA ((K+tJ-1) mod512+1)
End Do
Do for I = 257 to5 512
RDATA(I)<==
End Do
Do for I = 1 t> 256
RDATA (I)<== IDATA (I)
End Do
(Deternines if tabular or plott=2d data ar=z desired.)
If PSF_OUTPUT_wanted then
Call Table (RDATA)
End If
If PSF_PLOT_want=23d than

Call Plot (32, RDATA,1)

50
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(Calculates the lins spread fuaction from *“he poirnt
spread function.)
Call LSPF
(Determihes if tabular or plottad data ars desired.)
If LSF_OUTPUT_wanted then
Call Tabl=s (RDATA)
Else If LSF_PLOT_wanted thea
call Plot (32, RDATA, 1)
End If
(Calculaticn of Fourier Transform of LSF.)
Input RDATA
(The maximum valuz of ths array IDATA is at I=1. This
is pu* back into array RDATA 214 folded over so tha+
IDATA (257) to> IDATA(512) is thz mirror inage of
IDATA (1) to IDATA(255). Then this array is recorded
as RDATA and the Fourier transform calculategd.)
Do for I = 257 *t> 512
RDATA (I)<== )
End Do
Do for I = 1 to 256

RDATA (514-I)<== RDATA(I)

End Do




(Determines if tabular or plottad data ars desired.)

2DATA(257) <K== RDATA(250)

Call FXFORM

If FXFORM_OF_LSF_JUTPJT_wantad then
Call Table (RDATA)

Else If FXFORM_OF_LSP_PLOT _wanted then
call Plot(32,RDArA,Zl

End If

(Dia of Obscur/Dia of Jbj Lens in meters,RATIO=.064/. 164)

(This is the measurement of the ratio of

diameters of obscuaration to> talsscope.)

(R1= Scale of 3atz in microradians=1.60)

(O]

(Diameter of %elescope Obj L2as Iin met=rs,0BJECT=

0.164 meters)
If Laser_Sourcs = He-Ne then
Wavelength<== 6.328%*2-7
Else
Wavelength<== 9.,)5%2-7
End If
(This begins the calculation of the Fouriar transform
of the optics using the Airy function. All of <he
data regarding the optics are racordied on a separate file.)

(These n2xt four statements f£fict the constants in +he

52

bW SR S A ..‘




(e S i IR ChEAG
. .- . . et
st e § N LT
I T ST

e
1,
.
]

v g
.00 G0k AR A L 2 4

] v'I< )
o * o 1 T . ..“> *
IR U .

argument of the optics functioa.)
R1<== Scale_Factor
D<== RATIO**2
H<== 1=-D
Z<== pI*Scale_Factor*)bjectkl1*e-6/Waveleng+h
Do for I = 1 t> 256
<= 2% (I-1)
If Y > 30 than
RDATA(I) <== 0
Else
RDATA (I) <== (AIRY(Y)-D*AIRY(Y*RATIOQ))*%2/q*%*2
End If
K<= I
End Do
(Record RDATA on s2parate £ils2)
(Determines if a plot of ths optics function is desir=i.)
If OPTICS_FUNCTIJON_PLOT wanted then
Call Plot (32, RDATA,1)
End If
(Calculates the lin: spread function of the optics
function.)
Call LSF

(Determines if a plot of the LSF of the optics function is

63




desired.)
If PLOT_OF_LSF_OPTICS wantsi then
ﬁall Plot (32, RDATA, 1)
End If
Do for I = 257 &> 512
RDATA (I)<==

End Do

calculatzd.)
Do for I = 1 to 236

RDATA (514-I) <== RDATA(I)

L4

nd D>

RDATA (257) <== RDATA (25v)

{Recori RDATA)

(Fourier transfora of the LSF of Optics is calculat=2i.)

Call FXTFORHN

(Det2rmines if plot of Fourisr transform of Optics

function is desirai.)

3
[ If PLOT_OF_FXFORM_OF_J)PTICS wanted then
o
™ Call Plot(255,RDATA,2)
-«
End If

(Calcula+ion of tha quotient 5f two Fourier trarsforms.)

(This section takes the Fouriar transform of the systam

54
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h

and divides i<, point by poiat, by +he Fourier tran3zisza
of *he optics. This yields taz modula=ion transfsr
function (MTF) of the atmoépaere.)
Input RDATA_OF_FXFORM_OF_SOUKCE
Do for I = 257 t> 512
RDATA (I)<==
End Do
Do for I = 1 to 256
RDATA (514~-I) {== RDATA(I)
End Do
Input RDATA_OF_FXFORM_OF_JPTICS
Do for I = 1 to 256
RDATA (I)<== IDATA(I)/RDATA(I)
End Do

(De*ermines if a plot ¢f <he ATF is desired.)

If PLOT_OF_MTF_OF _ATMOS_wantad then
R €211 Plot (32, RDATA,1)

Bnd If

(Calculation of Cp2 by curve fit%ing.

o This procedure is Jescribed in Chapter III.)

7
P (A1l “R®" variables used in this calculation are

initialized to 0.)

R17<==R 18<==R19<==R20<{==R21<{==R22<==R23<==R2U<==R25< ==0

:

T
worle
o N C .
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(Aralvsis <f da=a shows tha< coamcuzar tiamz is was
beyond 96 points.)
Do for I = 1 t> 35
(E(i1)19/3, This is the

(R18 - when summed is <hs2
total of th2 angqular spatial freguencies sguared.)

((I-1) *Scale_Factor) **(10/3)

R18<==
R1K== R17 + R18
(£(Z115/3. Tiiz is

LS

(R19 - when summed i3 =
the total of the angular spatial fraquenciss.)

((Z-1) *Scale_Factoz) %% (5/3)

R1K==
R20<== R19 + R20
(R21 - is +he total numb2ar of points.)

R2 K==
>

Do While RDATA(I)
(R22 - when summed is ths total of =he product of the

with R19.)

natural logarithm of each poiat
R22<== 1L n(RDATA(Ii) *R19

R22 + R23
+he %5tal 5f£ the natural logarithm

R23K==

A=
-

(K24 - when summed

of each point.)
R24<== Ln (RDATA(I))

R25<== R24 + R25

End Do
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End Do
(Outout matrix valuss for dsopuz3zing.!}
OQutput R17,R20,R21,R23,R25
(Ax sign value to matrix.
This section takes the abovs calculated values and

sets up a matrix. The natrix =23uation solved is

(Cczat2 3 ma=zizes A(2,2),3(2,1),C(2,.1).)

A(1,1)<== R20

A(1,2) <= R21
A(2,1)<== R17

A(2,2 <= R20

ey
e PR e |
. P M R R S
LR S O A AN
.

INVERT _MATRIX_A

C(1, N <== R25

C(2,1) <==R23

B<== A*C

(Output matrix values for debuggiag.)
Qutput B(1,1).,B (1, 2)

(Calculation of C,2 using 2quatica (2.3).)

R22<== B(1,1)/(-21.49%Range*R20* (Wavelength** (-, 33333)))

. ———
T
S Lo ettt e P

Qutput 'CNSQ=',R22

. . .

E_ {(The program now starts the pradiction phase. It
4 .

S calculates a sourc2 assumed -2 have a 3aussian

-
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dis+ribu+ion by means of ths computed sdource pattern
below. Using simiiar Fouriar transform tzschnigques

the program uses the calculatad value of C,2 and predic:s
the power incident on the tarcgat.)

(Computed Sourcs Pattern:A=A)*exp (-x**2/2%Signa**2)

(This is an "arbitrary" Gaussian source pattern

with a standard daviation for Sigma set 23qual tc 2.)

o)

<]

AC<== a_2=
C<== Sigma*Scale_Factor
Do for I = 1 t> 256

F<== (I-1) *Scale_Facto:

S<= F**2/ (2%C**2)

Do While 3 > 13

o RDATA(I) <== 0

F End Do
: RD ATA (I) <==A) *exp (~G)

& End Do

é? (Record RDATA. This records the computed source.)
;i (Det2raines if plot of comput=2d source is desired.)
é; If PLOT_OF_COMPUTED_SOURCE_wanted then

Ef Call Plot(32,RDATA,O0)

ié End If

;g (Calculates the lins spread function of thsz computed

Iy P
: T T
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Scurce.)

Call LSF

(Determines if a plot of the LSF of the computed scurcse

is desired.)

If PLOT_OF_LSF_OF_COMP _SOURZE = 1 then
Tall Plot (32, RDATA,Q)
End If

JOUT L2l TZ3InRSLoTE ¢

(Calculazion of =i

(A1)
[
U
Fuj
O
[ 418
Q
O
£
i ¢)
&
(]
Q
2

source.)
Do for I = 257 <o 512
RDATA (I)<==
End Do
Do for I = 1 to 256
RDATA (51WW-I)<== RDATA(I)
End Do
RDATA(257<== RDATA (256)

Call FXFORM

(Determines if a plot of the Fourier ¢racsform of the

LSF of the computz2d source is jesir=zd.)

If PLOT_OF_FXFORM_OF_COMPUTED_SOURCE_wanted then
Call Plot (255 ,RDATA,2)
End If

(Calculation cf th2 product >f “wo Fourisr transforms.)




Claans Zman asen aue o

(This is %the

Fouriar transform of

-

the Computed s

(8]
[y
1
Q
W

with the MI'F cf *+h2 atmosphara.)
Do for I = 1 to 256

RDATA (I)<==

RDATA (I) _COMPUTED_SOOURZE*RDATA(I) _FXFM_OF_MTF
End Do

(Product of FXFORM3 of Sourca*Atmosphers*0ptics.)

RDATA(I)<==
RDATA( 1) _PRODUCT_JDF_2_FXFMS*RDATA (1) _FXFM_OF_OPTICS
Do for I = 2 to 256
RDATA (I)<==
RDATA(I)_PRDDUCT_OF_Z_FXFMS*RDATA(I)_FKFM_OF_OPTICS
RDATA (514-1I) <==RDATA(I)
End Do
RDATA (257) <== RDAT A(256)
(The above data preiicts what thz Fourier transform
0f the eptire system is, using the calculated
value of C,2 for the atmospheric *urbulence.)
(Determines if a plot of the rasult of Fourier “ransfornm
is desir=z4.)
If PLOT_OF_FXFORM_PRODUCTS _warted then

Zall Plot (32, RDATA,2)

Bnd If

[YV"'W s (g
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(Inverse Pourier transform gives target LSF.)

Call INVERSE_FXFIRHN
(Determines 1f a plot of the iaverse Fourier transforn
is desired.)
If PLOT_OF_INVERSE_FXFROM_wanted then
Call Plot(32, RDATA,Q)
End If
(Conver+ts +targe+?s >1e dimensisnal LSF <2 =z
two dimensional PSF by Abel transform.)
Call ABEL
(Determines if a plot of the Ab2l transfora is desired.)
If PLOT_OF_ABEL_XFORM_wanted then
Call Plot (32, RDATA,Q)
End If
(Calculates the fraction of power insids circle of radius
R. This predicts the fraction of power that will be
incident on target.)
RDATA(1)<== 0.25%P I*RDATA (1)
Do for I = 2 to 256
RDATA (I)<== 2*PI&«RDATA (I) +RDATA(I-1)
End Do
(Determines if a plot of ths fraction of power is desired.)

If PLOT_OF_POWER_wantad thea
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Zall Plot (32, RDATA, Q)
End If

End Laser

(The following subroutines are used in the Algoritha
Laser.)

Subroutine_Transfar(Pile_Number)

(The transfer subroutine gets craw data, both presamble

sent by *h

W

and data from the wiveform m2ssag

()]

468. It processes th2 messag2 by finding the minimuan
value of the array then subtracting this value from
each eiemert in the array. This "zeros" taz array.)
Ou*put 'Ensure Ejaipmesnt sst up prcperly’
Output 'Continue w#hen realy*

E<== (- 1)

Z} Do While E = -1
- ("DATA" is the I/0 buffer whers the data from the 468 are
t! ser.t. The status >f the buffer is read while da%a are being
f transferred. When th2 transfar is complet2, <the interface
- is clearsd.)
i
r: Da*a<== Transferred_Data
P_':
o If Data_Traasfer_Complate then
¢
-
3 E<== 0
4
End If

e
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N<== 1
(This is where healer format stops and data begin.)
A<== pos(Data,'%')
Do for I = A+2 to 687 by 16
Do for J = 1 to 16

IZ£ J+¢1I>588 then

RIK== )
N == N¢1
End If

RJ<== nam(Data(I+J))
(The numerical valu2s of each zlz2ment are stored ir YDA TA.)
YDATA (N) <== RJ
N<== N+1
End Do

End Do

E<== minimum (¥YDATA)

Do for I = 1 to 512
YDATA (I) <== YDATA(I) -E
RDATA (I) <== YDAT A(I)

End Do

Store_RDATA (File_Number)

73




‘9 'l

Return
- End Transfer
éf (This subroutine cal-ulates thz Lire Spr=ad Function
ii for the previously rz2coried point spread function

by using egquation (1. 1).}
Subrout ine_LSF
(Depending on which f£ile number has been passed down
from the calling subroutine, 2ither scalz 5r soucce
data are locaded.)
If File_Number = Scale_Data *hen
Input Scale_Data
RDATA<==SCALE__DArA
Else
Input RDATA

End 1f

Do for I = 1 ¢t> 512
IDATA (I)<==
End Do
Do for I = 1 to 256
IDATA (I)<== RDATA (I)
End Do
(Plots have shown that coamputar time is 1>st and no

valuable information is gainad beyond about 24 points.)
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Do for I = 1 to 24
J<= 1

Output I

Q<== IDATA (I)

Do While R < 24
R<== SQRT (I*I+J*J)
Q<==
Q+2*((1-frasztion (R)) *I (int (3))+fracizn(R) *T(Ea=(R)+ 1)}
J<== J+1

End Do

IDATA(I)<== )
End Do
Do for I = 1 ¢t> 24
RD ATA (I)<== IDATA (I)
End Do
If File_Number = Scale_Data then

Store_Scale_Data

v Else

o Store_RDATA
Ei End If

=

. Return

- End LSP

-4
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(This subroutine calzulates th2 Pourier transform
; of the given data using the Cs>ley-Tukey Algori=hm.
f If *he inverse statzment is true, then ths inverse
- Fourier transform is calculateil.)
: Subroutine_FXPORM
Set_Radian_Mod=
E (2**9=512 which is the number 2f points.)
§ N¢== 9
i\ Do for I = 1 ¢5 512
% IDATA (I)<== )
E End Do
‘; If File_Number = Scale_Data thepn
: Input Scale_data
2 Elsse
o Input RDATA
- End If
: T<== PI /2%* (N-1)
? Do for J = ) to 2%*%(4-1)-1
; (BI is a bit inversion subroutine.)

C<== c>3 (P*T)
I£ INVERSE_FPXFORM = True <hen

F137<== 1
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Tlse
Fl37<==
End If

P<== sin (P*I)*(1-2%Flg7)

Do for I = 2*%*R0*J+1 to 2%R0*J+RO

R1<== RDATA(I)

R2<{== RDATA (L +RO)

R3<== IDATA(I)

R4<== IDATA(L+RO)
RDATA(I) <== RT1+R2*C+RU*P
IDATA(I) <== R3+RU*C-R2*P
RDATA(I+R0) <== R1-RZfC-R$*P

IDATA(I+R0) K== R3-RU*C+Rr2%*pP

End Do
End Do
Jutput M
End Do

- (This section is for re-orisring the block.)
o
.- Do for I = 0 to 2%*N-1 .
[
T Call BI(I,J,N)
F
- Do While I-J < or = )
o Do Whils I # J
g
= P<z= RDATA(I+1) /SQRT (2**N)
77
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Z<== IDATA (I+1) /SQART (2%*N)
RDATA(I+1)<== RDATA(J+1)
IDATA(J+1)<== IDATA(J+1)
RDATA(J+1)<== P
IDATA(J+1)<== 2
End Do
RDATA (I¢+ 1) <== RDATA (I+1)/SQRT (2%*N)
IDATA(L¢+ 1) <== IDATA (I+1)/SQRT (2%%N)
End Do
If Pile_Number = Scal=_Data then
Stor2_Scale_Data(Fils_Number)
Else
Stor=2_RDATA(Fil=_YNamber)
End If
End D>
Set_Degrees_MNode
Return
Znd FXFORM
(This subroutine taka2s the binary number P1 containing
P3 bits and inverts it end for 2nd, e.g. J10111 becomes
111010.)
Subroutine BI (P1,P2,23)

pP2<== 0

78
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Do for Z = 1 t> P3
PU4<== PU/2
P2<== 2%Pp2
If fraction(P4) & 0 than
P2<== P2 + 1
End 1If
PU<== int(P¥)

End Do

(Ttis func+ion calculates Airy(x)=2*J1{x) /x whers J1(x)
i35 =he Bzsse2l functisn cf oriar one.)
Function AIRY(P
If P1 < 0 then
Output 'ERRIR-ARGUMENT LESS THAN )
St op
End If
If P1 = then
R4<== 1
Return RY

End If

RS<== 0
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;f P1 > 15 then
R6<== 90 + P1/2
R12<== 1.4%p1 + 60/P1
End If
If P1 <S5 then
R6<== 20 ¢ 10*P1-pP1%%2/3
R12X== 6 + P1
Else
R6<== 20 ¢+ 1)*p1-p1*%2/3
R12€== 1.4%P1 + 50/P1

£nd If

R12<== maximum(iit (R12),int(3+P1/4))

Do for ¥ = R12 =5 R6 by 3
R8<== 1%e-28
R13<==R14<== 0
If M/2 = int(M/2) than

Flg10<== 0
Else

F1g10<== 1
End If

Do £far J = 1 to %-2

R15<== 2#*(M-J) *R8/P1-R13

R13<== R8
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End AIRY

R9<==215

If 4-J-2 = 0 than
R4<== R15

End If

If F1g10 = J then
F1310<== 1

Else
F1310<== 0

Erd IZ

R14<== R 14+2%R8*FL 310

End Do

R1XK== 2*R8/P 1-R13

51u<=

KT4+R15

R4 <==RU4/R1U

If (abs(RU-R3)-abs(R4*1%2-6)) < or = 0 <hern
RU<== 2« RU4/P1

End If

Return RU

RS<== R4

End Do
Output 'ACCURACY NOT JBTAINED!

Return R4
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(The subroutine Abel takas a3 212-dimensional

lire spread functiosa and calculztens a %wo
dimensional point spread functisn.)
Subroutine ABEL (Fil2_Number)
N<== RDATA (1)
RDATA(1)<== 1.U*IDATA(1)-1.3%RDATA (2) +.4*RDATA (3)
Do for I = 2 t> 5%
M<== RDATA (I)
RDATA(I)<== , 4*N+¢ 2%Y-_ 5¥RDATA(I+1)
N<== M

End Do
Do for I = 1 t> 5%
RDATA (I)<== R DATA (I) /(2*SQRT ((I+. 1) *¥*2-1%*1))
Do for J = 1 to 54
RDATA (I) <==

RDATA (I) +RDATA (J) /SQRT ((J+. 1) ¥*2-1I%T)

= End Do
k-
f{ RDATA (I)<== RDATA (I)/PIL
) Output I
Ee P
3{ End Do
R Return
E! End ABEL
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B’ (This subrcutine prints out 3ata ip tabular forz.)
;;f ' Subroutine _TABLE(Filz_Nuaber)
& Input RDATA (File_N umber)
_ Do for I = 1 > 32
Do for J = 1 to 15
Jutput RDATA(T16 (I-1)+¢J)
Erd D>

Output RDATA (16%I)

Return

End TABLE

(This subroutine plots the dssired data.)

(Each time a plot is callsd, tais subrcutiae

plo“s the particular graph and labels i<,

The horizontal axis is labelzd according to the first
and last parameters passad by ths calling subroutine.)

Subroutine PLOT(P1,File_Number,P3)

Input RDATA (File_Number)

XMINK== =~-.1*(B-A)

- A<== 0

-

Fj B<== P1

=

. C<== minimum(RDATA)
;; _ D<== maximum(RDATA)
&
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IMAX<== B+.,05% (B~-A)
YMIN<S== C-. 1*(D-C)
YMAX<== D+.05%(D-1)
E<== B
F<== 10
(Using <+the value of P11, tha2 horizontal ircrement for
plotting and labeliny is determin=d.)

If P1 = 512 then

Else If P1 = 256 then
G<== 32

Else If P1 = 64 then

3<= 8§
Elss

- 3<== 4
o End 1f
gé Plot B,C,1
h—
= (This lines and plices tic marks on the horizontal axis.)
N Do for I = E t> 0 by -G
AN
& Plot I*(B-A)/E+A,C,2
B
Plot I*(B-A) /E+A,C+ (D-C)/150,2
R Plot I*(B-A) /E+A,C,2
@
- End Do
[
r:.:
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o for I = 0 to ?

Plot A,I*(D-C)/F+C,2

Plot A+ (B-Ad)/150,I*(D-C) /P+2,2

Plot A, I*(D-C)/F¢2,2

End Do

Character_size 1.2,1,.7,0

(This numerically labels tha v=2rtical axis.)

Do for I = F to ) by -1
Plot A-.075%(B~A) ,I*(D-Z) /F+C,1
Label I/F

End Do

w

(This sets up a chacactsr string for lab2ling =he vertical
axise.)
If P3 = 0 then
ASTRING<== 'DATA POINTS3"
L<== 1
Else If P3 = 2 tha2n
ASTRINGS== 'L INES/MICRORADIAN'!
L<== 1/(2%*L)
End If

(This numerically laibels thz horizontal axis.)

Do for I = 0 t> E by 3
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Plot A+ (I/E-.025) *(B~A) ,C-.025%(D-C) ,1
Labél I*L
End D>
If P3 # 0 then
L<== Scale_Factor
End If
(This labels the horizcntal axis.)
Plot .Uu*(B-A)+A,.)5%(D-C)+C, 1
Label ASTRING
Plot -.07#% (B-A) +Ad, .3%(D~C) +Z,1
Character_Size = 1.2,1,.7,90

ASTRING<== *'NORMALIZED INTENSITY'

ol Label ASTRING

. Character_Size = .5,1,1.5,)

= (This plots data.)

p-..

N I<== )

E}

Fﬁ Plot I, maximum(RDATA(I)) ,1
bp‘_-

3 Do for I = 1 t> P1

% Plot I=-1,RDATA(I)

;! End Do

If P3 = Q0 then
Input PLOT_LABEL

ISTRING<== PLOT_LABEL
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..

4

2ad 1If

Piot .6*B,.9%D,1
Label 'Y ELOT OP!

Plot .6*B,.87%D,1

Label ISTRING
Plot .6*B,.84%D,1
Label ESTRING, ' Laser!

Retuzrn

.rrv,ii177nrr,
——— LRI S
.- P N T

- End PLOT
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V. CONZLUSION

The work report2l in this thesis supports the 1odel
predictsd and measur2i in Crittandern, and others, for the
long exposure case [Raf. 2]. Ths vidicon, in replacing the
mechanical slif scanning systam, shows n> degrading of the
signal data. t also demonstratas that a 3good approximation

¢coriiag =

[(

for the point sprsai <functisn aay be wad2 by =
single TV line through a laser spot. This lins is then us=ad
to calculate the one-3imensional line spread function. The
iinearity of the vid2o tape rescorder is sa22n in the rasults
0 the MTF and C,2. Ths 468 >scilloscop:z is thz workhorse
fer th2 2n%ire systz1. It 2ffectively displays, stores,
digitizes, and transfars 3ata o3 a r=2al tias basis.

The overall syst2na does n>t have the capability of the
system dascribed by Crager. However, the relative
simplicity c¢f +the structured programming technique coupled
with a lower equipaant cost 32monstrates that comparable
measurementg and data evaluation using this equipment can be
made. Further invastigation shoald include use of tha Datz

Precision 6000 digital waveform analyzsr thereby allowing

data +to be samplad and analyzad on a near real time

pasis.
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APPENDIX A

‘“HE-NE : SOURCE OMN 9,SCALE ON 7,& CCLLIMATED CN 5":
‘"GA-AS:SOURCE ON 8,SCALE ON 6 ,&CCLLIMATED CON 4":
ent "SELECT CCDE FCR PRINTER",A;dev "print" ,A
tmt 1,z,c;tmt .2,£8.1 ,2;tmt 3,£8.1
dim I$[l024),R(512],Y(512],CS(20] ,CS[20]},ES([20]
aim I(51Z),A$(32]),BS[20),A[%,2],8([2,1],Cl[2,1]
but "CATA",1S,3;ina Y,I,R;0+R+w+V»(;1l+L;but "I",I$,3
beep;asp "ENIER LASER USED";wait 1500
ent "HE-NE=1,GA-AS=(G" ,h
it w=l;"HE-NE"+ES;9+(;Inp 2
"GA-AS"+ES; 8+y
beep;dsp ES&" SOURCE DATA RECCRDED?";wait 1500
ent "l1l=YES,Q0=NO" ,V
if V=0 and w=1;stg G;cll "TRANSFER (¢);Jmp 2
S if V=0 ané w=u;sig 0;cll 'TRANSFEER’(Q)
o 15: beep;ent "PLOT OF SOURCE?,l=YES,0=NC",R
i 16: if R=l;cll 'BLOT " (512,¢,0)
17: beep;asp ES&" SCALE CATA RECCKDED?";wait 1500

HEEROOIOUM S W O
B WA C o0 oo 00 00 0% 0o 20 00 00 o0

- 18: beep;ent "1l=YES,U=NC",U-

ﬂl 19: ir u=0 and w=1l;stg 0;cll “TRANSFER (7+¢);jmp 2
SEE 2C: if U=06 ana w=0; sfg 0;cll "TRANSFER’ (6+()

. 2l: beep;asp "WHAT 1S SCALE FACTCR?";wait 1u00

. 22: ent "SCALE FACIOR=?;0 GETS PLOT" ,S

5 23: ir 8=0 ana U#0;w-2+y;cll “PLCT "(512,y,C)

24: if s=0 ana U=0;cll 'PLQT (512,¢,0)
- 25: it S=0;Jmp .-3
- 26: S-L
27: if w=1; 9=T+gpomp 2
28: B+T=+(
- 29: laf T,I$,R[*]
~ .20: pos(IS,"R:")+E
.21: val(ls§(B+2,B+4])~+rl
: .32: pos(I§,"IT:")+8B
X 33: IS[B+3,B+4]+AS
o 34: lat T-2,1$,R(*]
35: pcs(IS,"R:")+B
.26: val(IS[B+2,B+4])+r2
e 37: pos(I$,"1T:")+B
o 38: IS[B+3,B+4)+BS$
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39: ‘lat T1-2,I$,R[*]

40: pos(IS$,"R:")+B

41: val(Is(B+2,B+4])+r3

42: pos(IS$,"LT:")+B

43: I1$[(B+3,B+4]+CS$

44: if r2=r] and AS=B$ ana r2=r3 ana BS&=C$;jmp 2
45: beep;asp "ERROR IN TIME SCALE"; stp

46: "B":1df Q,IS$,R(*];ina Y;ara R+Y;(0+A+B+C

47: for I=1 tc S12

48: A+Y[I])+A;if I<S1;B+¥[I)~B

49: if 1>463;B+Y[I]+B

50: next I;prt A,B

51: B/100+D;A-512*D-+A

S52: tor I=1 tc 512;Y(I)~D+Y[I];C+Y[I]~C

53: if C<A/2;1+J

54: next I;prt C,Jd

55: tor K=l tc 256

50: Y[(J-K+l)mocaS51l2+1l]+Y{ (K+J-1l)mca512+1] +1[K]

57: next K;ina R;ara I-R

58: "IMAGE POINT SPREAD FCN"+IS$;rcr 10,I$,R[*]

59: beep;ent "PSF CUTPUT=1 AND/OR CON1T" ,Z

6G: beep;ent "PSF PLOT=1 AND/OR CONT",Y

6l: if Z=1;cll ‘TAELE “(10)

62: if Y=1;cll ‘BPLOT "(322,1C,l)

63: min(I[*])»r22;max(I[*]).)+r22

64: prt rzz,r23

65: peep;ent "LSF CUTPUT=1 AND/CR CCNT" ,Z

66: beeg;ent‘"LSF PLOT=1 AND/CR CONT",Y

67: cll 'LSF’;"IMAGE LINE SPREAD FCN"»IS;rcf 10,I$,R[*]
68: if 2z=1;cll ‘TABLE “(10)

69: if Y=1;cll "FLOT "(32,10,1)

70: "CALCULATION CF FXFORM OF LSF":laf 10,I$,R[(*];ina I
71: ara R~I

72: L[{1l}»R{1l];:for I=2 tc 256

73: I[I)J*»R[L])+*R[514~1]);next I

74: R[256]+R[257];rct 10,I$,R[*)

75: cll ‘FXFCRM ;"FXFORM OF IMAGE LSF"+IS$;rcf 10,IS,R[*]
76: beep;ent "FXFORM OF LSF OUTPUT=1 AND,CR CONT" ,Z
77: beep;ent "FXFORM OF LSF PLOT=1 AND/OR CCNT",Y
78: if Z=1l;cll "TABLE “(10)

if ¥=1;c¢cll PLOT “(32,10,2) .
80: "BaDIA OF CBSCUR/DIA OF OBJ LENS IN METERS":
8l: "bB=0.064/.164":

82:. "rl1=sSCALE OF DATA IN MICRORADIANS ,rl+1.60":

83: "O=DIA OF OBJ LENS IN METERS;0=0.164M":

84: "W=WAVELENGTH IN METERS":
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90:

g51:

92:

93:

94;

95:

56:

97:

98 :

96:

10C:
lul:
102:
103:
164:
105:
106:
107:
1¢8:
109:
110:
111:
112:
11i3:
114:
115:
1ll6:
117:
116:
119:
120:
121:
l22:
123:
124:
125:
126:
127:
126:
129:
130:
131:
132:
133:

“CALC CF DIFFRACTION LIMIT PCINT SPREAD FCN":
ina R;it w=l;e.328e-7+w;Jmp <
9.U5e-T7+nw
.064/.164+B;.164+0;:L+rl
B"2+D;1-D*H; n*rl*O*le-6/w+2
for 1=1 tc 256
Z* (I-1)+Y;iL ¥>30;39tc +3
(°AIRY (Y)-D* "AIRY “(Y*B)) “z/H"Z+R(I]
I+K;gto +2
0+R[I]
txa .£;asp R[I];next I;"OPTICS FUNCTICN"~+IS
rct 11,I$,R(*])
beep; ent “OPTICS FCN PLOT=1 AND/COR CONT" ,Y
it y=1;cll “PLOT"(32,11,1)
stg 5;cll 'LSF ;"LSF OF CPTICS FCN"+I$;rct 11,IS$,R[*]
kbeep;ent "PLOT OF LSF OF CPTICS FCN=1 AND/CR CCN1",Y
1L ¥=i;cll BLCT "(32,11,1)
SIg 5;ina I;ara R+I;I[1l]+R{1]
for I=2 to 256;I(I]+*R[I])*R[514-1I]);next I
K[256)*R[257]);rcrc 11,I$,R{*]
cll 'FXFCRM ; "FXFCRM CF LSF CF CPTICS"~+IS$;rct 11,I$,R(*]
beep;ent "PLOT OF FXFM OF CPTICS=1 AND/CR CONT",Y
if ¥Y=1;cll ‘PLOT "(256,11,2)
"CALCULATION OF CUQTIENT OF TWC FOURIER TRANSFORMS":
lat 10,IS$,R[*};ina I;ara R-+I
iaf 11,I$,R[*]
for 'I1=1 tc 2596
I{I)/R{L])+*R[I]);next I
"MTF CF SYSTEM"+I$;rct 10,IS5,R[*])
beep;ent “"PLOT OF MTIF OF SYS=1 AND/CR CONI",Y
1f ¥Y=1;cll °PLQT (32,10,1)
O0+rl7+rl8+rl9+rz0+rslsr22+r23+r24-+r25
tor 1=1 to 96
((I-1)*L)"(10/3)~+rls8
rlg+rl7+-rl7
((I-1)*L) “(5/3)+rl9
£rlo+r20-+rz0
I»r21
if R[L]<=0;gtc "CC"
(In(R[I))+»r24)*rl9%+r23»r23
r24+r25+r25
"CC":next I
prt rl7,r20,r2l1,023,r25
r20+A[1,1);r2l+»af{l1,2);r17+-A[2,1]};x20+A(2,2]
£25+C(1l,1]);r23+C.(2,1]
inv A+A;mat A*C-+B;flt S;aprt B
‘“"CALCULATION OF CNSQ":
B(1l,1}/(-21.49*%145*r20*n" (.~.33333))+r22
prt "CNSQ=" ,r22;stp
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142:
143:
144:
145:
146:
147:
148:
149
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:;
160:
lol:
lo2:
lo3:
164:
165:
166:
le7:
168:
169:
170:
171:
172:
173:
174:
175:
1l76:
177:
176:
179:
180:
181:
182:

cfg ;laf 2

‘“TRANSFER" :beep;asp "ENSURE EQUIF. SET UF PRCPERLY"
wait 1500

asp "PRESS CONTINUE WHEN READY";stp

dsp "waliting";wait 1500

but "DATA";(0+2Z

tfr 703,"DATA"

asp "transterring"

rds("CATA")+E;if E=-1;jmp O

clr 703

dsp "setting output”

pos (I$,"%")+Aa;1+N

for I=A+2 tc 687 'Ly 16

for d=1 tc lé6;if J+I>688;C»rJ;jmp 3

num (IS[{I+J])+rd

rJ+Y(N]

N+1leN

next J

next I

min(Y[*])+*E;for I=1 tc 512;Y[I]~E+»Y[I];next I
ina R;ara Y-+k;rcr pl,IS$,R(*];ret

"LSF":if tlg5;laf 11,I$,R{*];Jmp 2

laf 10,IS$,R{*]

ina I;ara R+I;for 1=1 tc 24

l+J;asg I;L[I]}-+C

y(I*I+J*J)+R

2% ((l=-frc(R))*I{1nt(E)]+trc(R)*I1[int(K)+1])+wi+{
J+1+J;1it R<24;jmp =2

G+L(I]

next I;ina Rjyara I»R;1f tlg5;rcf 11,I$,R[(*};cry ;ret gl
ret pl

"FXFORM":rad;%-+N;ina I;1if rlg5;laf 11,I$,R[*];Jmp 2

laf 10,I$,R[*]

T/27 (N-1)»T

for M=1 tc N;2" (N-M) =10

for J=0 tc 2" (M-1).-1;¢cll ‘BI "(J,P,N-1)
COS(P*T)+»C;sin(P*T)*(1-2*£1g7)+P

for I=2*r(Q*J+l tc 2*r(*J+r(
R(I)+rl;R([I+r0])~»r2

I{I])+r3;I[I+r0}+>r4

Ll+C 2*C+r4*P+R{I] ;r3+04*C-r2*pP+1][1]
Ll-rz*C-r4*P+R{1I+rC};r3-r4*C+r2*p~1{I1+r0}
next I;next J;asp M;next M

for I=0 to 2°N-1;cll "°BI “(I,J,N)

if I-J>0;gto "BB"

if I=J;gto "INC"

RII+1l]/Y(2 N)*P;L[I+1]/Yy(2"N)~2
R[{J+1]*R{I+1};I{J+1]+1[I+1]
P+R[J+1l]);Z»1[Jd+1)]
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183:
184:
185:
luv6:
187:
166
186:
190:
161:
192:
193:
194:
165:
196:
167:
198 :
156:
2G0:
201:
202:
203:
204:
205:
206:
207:
208
209
21G:
211:
2lz:
213:
214:
215:
<16:
217
218:
216:
220:
221:
222:
223
224:
225:
226:
227:
228:
229:
230
23l

"INC":R{I+1]/y (2 W)»R{I+1];I[I+1] /v(2 M) +>I[I+1]
"BB":next I

ir tlgS;rcc 11,1IS,R[(*];aeg; et

deg;ret

YBI":0+pe;plrpd

tor Z=1l tc p3
F4/2+pd;2*perpl

it rrc(pd)#0;petlrpc
int(p4) +p4

next Z;ret

‘"AIRY":if pl<(;beep;asp "errcr-argument<(0";stg

1t pl=0;1l+r4;ret r4

0+r5;1f pl>15;Jmp 2

20+10*pL-pl~z/3+r6;3mp .2

Su+pl/z+r6

it pl<E;6+pl+rlz;jmp 2

l.4*pl+6C/pl+riz

max(intrlz) ,int(3+pl/4))+rlez

tor k=rlz tc ré6 by 3;le-zo-+r6;C+rli»>rl4

sy lU; it ¥/z=int(Mys2) 3jcrg 10

fcr J=1 tc M=2;z* (M=J)*r&/pl-rl3+rl5;r6+rl3
rl5+r3d;ict M=Jd=2=0;rlS+r4

cmf 10;rl4+2*r8*t£lgll0+rl4; next u
2*rg/pl=-rl3-»rls

rl4+rlS5+rl4; r4/rld+r4

1L acs(r4-tr5).-aps(r4=~le-o0)<=0;2*r4/pl+rd;ret r4
£4+>r5;next M

beep;dsp "ACCURACY NCT CBTAIMEL";welt 150C;ret r¢

MQAELE" :latf pl,I5 ,R([*]

ror I=1 tc 3Z;rcr Jd=1 tc 15

wrt "print.2" ,R[16(I-1)+J0];next J
wrt "print.3" ,R(lelI];next I;ret C+2
"PLOT":1lat p2,I$,R[*]
O+2;pl+so;min(k(*] )+C;max(R{*])~D
scl A-,1(BE-A) ,B+.CE4E~A) ,C-.1(L~-C) ,D+4.CE5(D-C)
B+E; 1C»F

it pl=512;64+G

i1f pl=256;32+G

1f pl=64; 6-+G

1f pl=32;4-+G

plt B,C,1

ror I=£ tc ( ty -G

plt I(B-A)/E+A,C,zZ

plt I{B-A)/E+A,C+(D-C)/150,2

plt I(8-A)/E+A,C,2

next I

tor I=0 tc F

plt A,I(D-C)/F+C,2

plt A+(B-A)/150,1(D=-C)/F+C,2

g3
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clt A,I(C-C)/F+C,z

next I;gen

ceiz 1.2,1,.7

fxa 1

for I=F tc 0 Lty -1

plt A-,075(b-A),I(D-C)/F+C,1

‘1bl I/F

next I

fxc O

it p3=0; "DATA POINIS"+AS;1-+L

if p3=2; "LINES/MICRCRADIAN"+AS;1/(2*L)~+L
for I=0 tc E by G

plt A+(I/E-.025%) (B-A) ,C~-.025(DC),1

lbl I*L

next I;ir p3#0 ana p3#2;"MICRCRADIANS"+»AS
if gi=2;S~L

Flt .4(B-A)+A .-.UE(D-C)+C;1lcl AS

pglt ~-.07(B-A)+A, . 3(D-C)+C;cs1z 1l.2,1,.7,9C

""NCRMALIZEL INTENSITY"+AS$; 1ol AS

csiz .5,1,1.5,0;0~1

glt I,max(R[(*]),1l

for I=1 tc pl;plt I-1,R{I);next 1
csiz 1.2,1,.7,G

if pi#0;gtc +2

beep;ent "PLCT LABEL?" ,IS

plt .6B,.%D,1;1tl "PLOT CQF"

plt .65,.67C,1;1ktl I3

plt .6B,.84L,1;1cl ES," LASEER"
cen;ctg ;ret y-+Y
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"CCMFUTEC SOURCE PATTERN":

ina R; 10C0+A;.2*L+C;trk 1l;faf 10
tor I=1 tc 256

L*(L-1)+F

F 2/(2*C"2)+G

if G>13;jmp 2
A*exp(~G)+*R[1});I+K;jmp 2

0+R[I]

next I

""COMPUTEL SOURCE"+I$

rcf 10,I$,K[*) .

beep;ent "ELCT OF CCMPUTIEL SOURCE=1 ANLC/CR CCNT" .Y
ir y=1;cll ‘PLCT " (32,10,0)

"CCMEKTS ESF 10 Lsi":

cll "LsF’

“LSF CF COMPUTED SOURCE"~+IS

rcf 10G,I$,R{*])

beeg;ent "QLOT CfF LSF OF CCMP SCUKCE=1 ANL/OR CONT" ,Y
if Y=1;cll ‘PLOT “(32,10,G)

"CALCULATICN Of FXFORM OF LSF GF COMPUTEL SCURCE":
ina I;ara R+1

I[1]*R[1]

tor I=2 tc 256

LiI}*R[I])*R[514~1];next I

R(256]*R{257);rcr 16,1$ ,K([*]

cll "'FXFORM’

"FXFORM CF LSF OF CALC SCUKCE"+IS;rct 1G,IS,R[*]
ceep;ent "RLCT OF FXFM OF CALC SRCE=1 ANL/CR CCN1",Y
"CALCULATICN CF PRCLUCT OF 2 FXFORMS":

laf 10,I$,R[{*];ina I;ara R+I;trk O

lar 10,I$,R[*]

tor I=1 toc 256

R{IJ*L{(I]+-R{1];next I

rcf 10,1$,K[*]

"TRANSFER FCN OF SOURCE*ATMCSPHERE*OPTICS":

lat 11,I$,R[{*);ina I;ara k-1

I[1)*R[1}+R[1]

for I=2 to 256

R[{IJ*1L[I)*R[I}*R[514~1]

next I

R[256])+R[257]

“FXFM OF SCURCE*ATMOS*OPTICS"+IS

rcft 10,I$,R(*]

beep;ent "PLOT OF FXFM PRODUCTS=1 ANC,/OR CONT" ,Y
if Y=1;cll “BLOT “(32,10,2)
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"INVERSE FXFCRM GIVES TARGET LSF":

sig 7;cll 'FAFCRM ;CcLg 7;"INVERSE FAFCRM"-IS
rcf 10,IS,R[*]

ceep;ent "PLCT OF INV FXFM=1 AND/GR CCNT",Y
if ¥=1;cll ‘PLOT "(32,10,0)

“CONVERTS LSF TO PSF BY ABEL TRANSFORM":

cll “ABEL "; "ABEL :AFORM PSF"-+IS$

rct 10,I$,R[(*);sfg 0

beep;ent "PLOT OF ABEL XFCRM=1 AND/CR CCNT",Y
if y=1;cll ‘PLOT "(32,10,0) ;stp

"CALCULAIES FRACTION OF POWER INSIDE CIRCLE OF RADIUS R":
.25*n*R(1]+R[1]

for I=2 to 256

2n*I*R[{I)+R[L-1]+R[I)

next I

‘"POWER FRCTN INSIDE CIRCLE"»IS

rct 1U,I18,K{*]

pceep;ent "PLCT OF POWER=1 AND/CR CONT" ,Y

it Y=l;cll ‘PLOT (32,10,0)

stp

"LSF":1ir tlgf&;luf 11,15 ,KR{*]yJmp 2

laf 1¢,I1I$,R[*]

ina I;ara R+I;tor I=1 tc 24

1+Jd;asp I;I[1]+Q

y(I*I+Jd*d)=+hR

2* ((l=-rrc(R))*I{int(R) ] +rrc(R)*I.[int(R)+1] ) +Q~»y
J+1+Jd;1f R<Z24;imp -2

I}

next I;ina Kkyara I+R;if tlg5;recr J1,I$,K[*);ctg ;ret pl
ret pl

"FXFCRM" :raa;9+N;ina I;ir f£lgS;lar 11,IS$,R[(*];mp <

lar 1U,IS$,K[*]
/2" (N-1)»T
fcr M=l to N; 2z~ (N-M)=+r0

-~

for J=0 tc z"(M-1).-l1;cll 'BI (J,P,N-1)

.CCS(P*T)+»C;S1in(P*T)* (1-2*£1g7)+P

for I=2*rQ*J+1 tc Z*rQ*J+r0
R[{L])+rl;R{I+r0])~r2

I[(I)*»c3;L[I+cC]~»r4
L1+r2*C+r4*P+K{I];r3+r04*C-r2*P»I1 (1]
£1-r2*C-r4*P+R[I+r0] ;r3-r4*C+r2z*P+I[I1+r0]
next I;next J;asp M;next M

for I=0 tc Zz°N-l;cll “BI'(I,J,N)

if I-3>Q;gto "BBR"

1f I=J;gto "INC"

R{I+1])/Yy(2 °N)+P;L[I+1l])/v(2"N)+2
R{J+1]»R[I+1];I[J+1])~L[I+1]
P+R[J+1];2+1[Jd+1]
"INC":R{I+1)/Yy(2°N)*R{I+1};I[I+1)/vy(2 N)+L[I+1]

seinhlose ot o See dbnsiodonge it oo i e dee el daainiinisdun: P ERAL WOl YR Wy L‘j




95: “EB":next I

56: ceg;ret

57: "BI":0-pz;pl+p4d

98: for 2=1 to p3

99: p4/2+p4;i*poepz

100: if frc(pd4)#0;pz+l-p:z

101: int(p4)+p4

102: next Z;ret

103: "ABEL":ina R;ldf 10,I$,R[(*]};R[1l]+N
104: 1.4*R[1]-1.8*R{2]+%.4*R[3]+*R[1]
105: for 1I=2 tc 64

106: R[I]+M

107: .4*N+.2*M~-,6*R[I+1])+R[I];M*N;next I
108: for 1I=1 tc 64

109: RII)/(2*y((I+.1)"2-I*L))+R[I])
110: for J=I+1 to 64

1ll: RII}J+R{J)/Vy((J+4.1l) "2-I*L)+R[I]
112: next J

i13: if R[L]<.01;0+R([I)

114: R[I)/n*R[Ll];dsp I;next I

115: for I=65 tc 512;0+R[I];next I;ret
116: "PLOT":1ldf pz,I$,K([*]

117: 0+A;pl+B;min(R[*])+C;max(R[*])+C
118: scl a-.1(8~A) ,B+4.0(5(B-a) C-.1(C~C) ,D+.05(D-C)
119: B+E;10+F;it flg0;prt A ,B,C,D

120: it pl=512;64+G

121: if pl=256; 32+G

122: if pl=64; 8+G

123: 1f pl=32;4+G

124: gplt B8,C,1

125: for I=E to 0 ky -G

126: plt 1(B-A)/E+A,C,zZ

127: plt I(E-A)/E+A ,C+(D.-C)/150,2

128: plt 1(B-A)/E+A,C,2

129: next I

130: for I=C tc F

131: plt A,I(D-C)/F+C,z

132: plt A+(B-A)/150,I(D-C)/F+C,2

134: next I;pen

135: ¢siz 1.2,1,.7

136: fxa 1

137: for I=F to 0 by -1

138: plt A-.075(R-a),I(D-C)/F+C,1

139: 1lbl 1/F

140: next I

141: £xé 0

142: it p3=2; "LINES/MICRCRADIAN"+AS$;1/(2*L) L
143: for 1=0 tc E by G
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glt A+(I/E-.LZ5) (B-A),C~-.025(C-C),1

lbl I*L

next I;if p3#2; "MICRORADIANS"+AS
if p3=2;S-~L
plt .4(B-A)+A ,.-.05(D-C)+C;1lbl AS

plt -.07(B-A)+A,.3(D-C)+C;csiz 1.2,1,.7,9C

‘""NORMALIZEL INTENSITY"+AS$;1lbl AS$

csiz .5,1,1.5,0;0-I

plt I,max(R[*]),1l

for I=1 to pl;plt I-1,R{I});next 1
csiz 1.2,1,..7,0

plt .6B,.SD,1;1pl "PLOT OF"

plt .6B,.87D0,1;1bl IS

plt .6B,.54D,1;1bl ES ," LASER"
“RET":pen;ctg ;ret 0+Y
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