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TECHNICAL PAPER

ALGORITHM FOR ASTRONOMICAL_ POINT SOURCE, SIGNAL
TO NOISE RATIO CALCULATIONS

I. GENERAL DESCRIPTION

The starting point for this program is three other programs [1] (OTF, PSF and
Camera) developed by Dr. D. J. Sehroeder. References 2 through 4 provide the
basis for the development work. The programs OTF and PSF compute the mono-
chromatic point spread function for a star of a given visual magnitude as seen through
a telescope with a circular obscuration ratio of 0.33, entrance pupil diameter D and
system focal ratio F outside the Earth's atmosphere. In the absence of any degrada-
tions, the point spread function (PSF) is computed from the modulation transfer
function (MTF) of a perfect lens with a central obscuration. Image degradations can
be introduced by multiplying the perfect lens MTF by the MTF's associated with the
different types of degradations. The above programs include a MTF for image jitter,
and MTFs for high, mid and low frequency wave aberrations associated with the
optical telescope assembly. The PSF is assumed to be radially symmetric to con-
siderably simplify to the computations. No ray aberrations due to optical path dif-
ferences, especially those associated with the off axis imaging of the telescope, are
considered. Any off axis defects are assumed to be compensated for by the following
instrument. The change in the PSF for a selected wavelength can be examined for
different combinations and magnitudes of the degradations included in the program.

Program Camera, in conjunction with OTF and PSF, adds a detector pel array,
to the focal plane, a uniform cosmic background and the option to add a second star
in the vicinity of the target star. For a given wavelength and for each pel in the
detector array (maximum array size is 20 x 8) two relative signals are computed.
The first is a target star relative signal. The second is the target star plus cosmic
background signal. If a second star has been included, three relative signals are
computed: the target star relative signal, the second star relative signal, and the
target star plus second star plus cosmic background relative signal.

The above program has been modified to also compute the encircled energy for
the monochromatic PSFs, the polychromatic PSF, and signal to noise ratios (S/N) for
a given wavelength interval as a function of observation time and observation times
as a function of signal to noise ratios using the combined Space Telescope and Wide
Field/Planetary Camera quantum efficiencies [5], filter functions [6], and a detector
characterized by an rms readout noise, a mean dark current, and an optional dead
space between the detector pels.

II. USER INSTRUCTIONS

The usvr is first asked to input the visual magnitude of the signal star and
then to choose whether or not the spectral distribution of the star is uniform or
blackbody. The cosmic background and background star (if requested) will also have
the same type of distribution. If a blackbody distribution is chosen, the user is
asked to input the effective temperature (degrees Kelvin) of the signal star.



The effective temperatures of the cosmic background and background star (if
requested) will be asked for later.

Next the user is asked to input the number of wavelengths to consider and the
lower and upper wavelengths (cm). For Space Telescope, the lower and upper wave-

lengths are 10-5 and 11 x 10-5 cm. The maximum number of wavelengths that the

program can handle is 21, which makes the wavelength increment 0.5 x 10-5 cm.
For this case, the filter functions (0 < transmission < 1) and quantum efficiencies
(electrons/photon) must be specified a'nd read in (all-21 of them) in increments of

0.5 x 10-5 cm. The user is asked if there is a table of quantum efficiencies and
filter functions, If the answer is yes to both questions then two files of data must
have been previously prepared, which are now read into the program. One file con-
tains the quantum efficiencies and the other contains the filter transmission. Because
the program integrates over wavelength, the first and last non-zero filter trans-
missions should be divided by 2 in order to use the trapezoidal rule for numerical
integration. If the answer to both questions is no, the user is assumed to desire a
system with 100 percent quantum efficiency and 100 percent transmission.

To obtain a monochromatic star and background, the lower wavelength will be
chosen as the desired wavelength, if the number of wavelength calculations is set to
1. The user is then asked to input the quantum efficiency and filter transmission
for that wavelength.

Next the user is asked to input the diameter (cm) of the telescope entrance
pupil, the focal ratio of the optical system and the central obscuration ratio (ratio
of obscured to clear entrance pupil diameter). For Space Telescope the obscuration
"ratio is 0.33.

The user is then asked to input the image degradation factors of jitter and
high, mid and low frequency wave aberrations. For Space Telescope [1] the rms
image jitter is anticipated to be 0.007 arc see or less and the high, mid and low

frequency aberrations are reported to be 0.121 x 10-5 cm, 0.1304 x 10-5 cm, and

0.2361 x 10-5 cm, respectively.

At this stage of the program the user may request a printout of the mono-
chromatic point spread function and encircled energy. If this option is requested,
the program outputs the Airy radius in arc seconds and cm using the shortest wave-
length for which the product of the quantum efficiency and filter function is greater

than 10-4 . The user is then asked to input the maximum radius (arc seconds) to be
considered and the number of radius calculations desired. If the maximum radius to

be considered is 0.2 and the number of radius calculations is 51, the point spread
function and encircled energy values will be output in the range from 0 to 0:2 arc
sec in increments of 0.004 arc sec. The wavelength is selected by entering a wave-

length number from 1 to 21 for space telescope. For example, 9 is 5 x 10-5 cm, 10

is 5.5 x 10-5 cm, and 11 is 6 x 10-5 cm. The program then outputs the normalized
point spread function [PSF(0)=I], the encircled energy, EE, [EE(oo)=l], the nor-

malized point spread function scaled in units of energy cm -2 see -1 as a function of
radius along with the radius in units of cm and arc seconds. After the printout has
been completed the user is asked if there is a desire to change any of the PSF



parameters. A yes answer allows the user to re-input a maximum radius, change the
number of radius calculations or select another wavelength. The procedure described
in this paragraph is repeated until a no answer is received for changing the PSF
parameters.

Next, the user is asked to enter the x,y widths of a pel (arc seconds) and the
x,y pel center separation (arc seconds), the number of pels in the x,y directions and
the x,y coordinates of the signal star chief ray in the detector plane. To visualize
the effects of the inputs, see Figure 1, using the definitions listed below:

XPW = x direction width of the CCD pel in are seconds

YPW = y direction width of the CCD pel in arc seconds

XPD = x distance between pel centers in arc seconds, XPD _> XPW

YPD = y distance between pel centers in are seconds, YPD _> YPW

NPX = number of pels in the x direction

PSX = number of pels in the y direction

PSX = x coordinate (arc seconds) of signal star chief ray, 0 _< PSX < NPX.PD/2

PSY = y coordinate (arc seconds) of signal star chief ray, 0 _< PSY _< NPY.YPD/2

Dead space between the pels is created whenever XPD > XPW and/or YPD > YPW,
i.e., the pel center separation is greater than the pel width in the same direction.
The chief ray coordinates, which are now considered to be the optic axis, should be
as close or closer to the origin than to the farthest corner of the pel that is farthest
from origin. Otherwise, redundant situations are created that serve no purpose
other than to complicate the programming. Smaller array sizes produce more accurate
results in the (S/N) calculations because the PSF is computed at 200 different radii

that range from zero to a value in arc seconds that is equal to the distance from the
signal star chief ray coordinates to the coordinates of the farthest corner of the
farthest pel from the origin (i.e., the larger the array size, the larger radius incre-
ment). The normalized point spread function is integrated over a pel to determine
the fraction of energy, which will be denoted as diffraction efficiency, that falls
within the_ pel. This integration requires radial interpolation of the point spread
function, which produces less error when the radial increments are made smaller.
From these inputs just discussed in the paragraph, the program computes and outputs
the diffraction efficiency as a function of wavelength for each pel in the array.

Next, the user is asked to enter the visual magnitude of the cosmic background,
and if a blackbody distribution was previously selected, an effective background tem-
perature (degrees Kelvin) will be requested. The user is also asked whether or not
to inciude a background star. If the answer is yes the user is asked for the visual
magnitude of the background star, and if a blackbody distribution was previously
selected, the effective temperature (degrees Kelvin) of the star will be requested.
The x,y coordinates (arc seconds) of the background star chief ray are now
requested. The diffraction efficiency, as discussed before, is computed for this
star as a function of wavelength for each pel. In this case the point spread is also
computed at 200 different radii. If the chief ray coordinates lie within the detector
array, the radius ranges from a value of zero to a value equal to the distance from
the chief ray coordinates to the farthest corner of the pel that is farthest from the



chief ray. If the chief ray coordinates lie outside the detector array, the radius
ranges from a value that is equal to the minimum distance from the chief ray to the
nearest pel to a value that is equal to the distance from the chief ray to the farthest
corner of the farthest pel. From these just discussed inputs, the program computes
and outputs the diffraction efficiency of the background star as a function of wave-
length for each pel in the array.

To complete the detector characteristics, the user inputs the rms readout noise
in electrons per pel and the detector temperature in degrees Kelvin. For the par-
ticular CCD array used with the Space Telescope and Wide Field/Planetary Camera,
the readout noise has been suggested [5] to range from 13.9 to 17.8 electrons per
pel rms. For the above CCD array, the maximum operating temperature [5] is
expected to be around 178°K (-95°C), and the mean dark current in electrons per pel
per second is computed from this output temperature. The user can input a mean
dark current directly by first entering a temperature less than 4°K. A prompt will
then appear requesting the desired dark current.

The next set of inputs are concerned with the output data that is desired.
The user first specifies the observation start and end times in seconds and the
number of time calculations. For example, to compute the (S/N) in hour intervals
from 1 to 14 hours, the user would input a start time of 3600 seconds, and an end
time of 50400 seconds and 14 is the number of time calculations. To reverse the

situation and determine the observation times needed to achieve a desired range of
(S/N), the user inputs a start and end (S/N) and the desired number of (S/N) eal-
culations. The program will proceed to output the desired data.

After the output is complete, the user may repeat the calculations for a signal
star with a different visual magnitude and/or a cosmic background with a different
visual magnitude and/or a background star with a different visual magnitude, without
having to re-input all the previous input data. An additional repeat calculation that
can be accomplished with or without the magnitude changes, is to change the charac-
teristics of the detector. This option, however, requires that the user re-input all
data starting with the detector readout noise and ending with the number of (S/N)
calculations. The program terminates when the user answers no to all the repeat
calculation options.

II. EQUATIONS USED

The system of units used is the cgs system, except for the image jitter and
detector focal plane coordinates and dimensions, which are in arc seconds. The total
energy emitted in the eye responsive spectral region from a star of visual magnitude
m and received per square meter per second outside the Earth's atmosphere is given
by [7]

I m = 2.54 x 10-6 x 10-0"4m lux . (1)

The above equation is converted from photometric to radiometric units by dividing by



7.6x10 -5 cm

0.68 / K(X) dX lux per (ergs cm -2 sec -1 AX-1) , (2)

3.8x10 -5 cm

where AX is the wavelength interval (expressed in cm) and K(X) is the photopic eye
response [ 7] given in Table 1. Dividing equation (1) by equation (2) is tantamount
to assuming a uniform spectral distribution for the star and gives

im(X ) 3. 7353x10-6x10 _0"4m -2 -1= ergs cm see -1 AX . (3)
7.6x 10- 5cm

f K(X) dl
3.8x10-5cm

If B(X,T) is the blackbody distribution having an effective temperature T (degrees
Kelvin), then equation (3) can be converted to a blackbody distribution in the follow-
ing manner [8] :

im(X,T)= 3.7353x10-6x10 -0"4m B(X,T) -2 -1ergs cm sec A X- 1 . (4)
7.6x10- 5cm

K(X)B(X,T)dX

3.8x10- 5cm

Any type distribution can be used for B(X,T) in equation (4), since multiplying equa-

tion (4) by 0.68K(X) and integrating from 3.8 x 10-5 em to 7.6 x 10-5 cm reproduces
equation (1). If B(X,T) were a uniform distribution, then equation (3) would be
obtained again. Assume that a uniform distribution has been selected and that the
following quantities have been specified:

A = area of the telescope entrance pupil (cm 2)

hc / X = ergs/photon

Q(X) = quantum efficiency in electrons per photon

F(X) = optical filter transmission

DEs(X) = diffraction efficiency .

The quantum efficiencies [5] used in the output example are shown in Table 2. This
includes the combined effects of the optical telescope assembly and the Wide Field/
Planetary Camera. The filter function [6] used in the output example is listed in
Table 3. The diffraction efficiency is quite involved and will be discussed in



detail later. However, it is the integral of the normalized point spread function over
the area of a pel. For a given wavelength, this integral gives the fraction of energy
intercepted by that pel, since the integral over all space of the normalized point
spread function is one.

The rate at which electrons are liberated from a particular pel per wavelength
interval at a chosen wavelength is given by

A -1 _-1Ss(_) = h-c_Im(_)Q(_)F(_)DEs()_) electrons sec A . (5)

Equation (5) is called the monochromatic signal current. Integrating equation (5)
over the wavelength region influenced by the quantum efficiency and optical filter
produces the polychromatic signal current. If there is a dead space between the
detector pels, the diffraction efficiency is adjusted to account for the dead space and
the location at the chief ray of the diffraction pattern relative to the pel in question.
The polychromatic signal current is given by

_2

A f -1S s = _-_ _ _Im(_)Q(_)F(_)DEs()_)d_ electrons sec . (6)

1

By the same analogy the signal current from a second star would be given by

_2

A f -1Su = _-_ _Im'(_)Q(_)F(_)DEu(_)d_ electrons sec , (7)

where m' could be a different visual magnitude and DEu(_ ) is the diffraction efficiency

of the second star for the same pel. The signal current for the cosmic background is
given by

_2

Sb _ A(d_) / Im"(X)q(X)F(_) dX electrons sec -1he , (8)

1

where d_ is the area of a pel in arc seconds squared ( [] ). The cosmic background

is treated as an extended source of visual magnitude m" and Im"(_ ) has units of

per [] . The d_ for an extended source replaces DE(_) for a point source.

To compute a signal to noise ratio, the contributions to the signal term and the
noise term must be defined. For the polychromatic case, for example, the signal is
equation (6) multiplied by the time in seconds. If the incoming photon flux is



assumed to be Poisson distributed, then the variance of the signal is also equal to
the mean signal. If the signal to noise ratio is defined as the ratio of the mean to
the standard deviation of the mean, then the signal star will contribute to the noise.
Other contributions to the noise include the cosmic background signal, the unwanted
star signal if requested, the rms readout noise in electrons per pel and the mean
dark current in electrons per pel per second. If all of the noise contributors are
assumed to be statistically independent, then the signal to noise ratio is given by

Ss't , (9)
(S/N) = 2

(Ss.t + Su.t + Sb.t + R + D.t) 1/2

where R is the rms readout noise, D is the mean dark current and t is the time in

seconds. If the second star option was not requested, S u would be set to zero.

Equation (9) is computed for every pel and the only quantity that changes in the

diffraction efficiency in the expressions for S s and Su. As previously mentioned,

the user has the option of inputing the dark current directly or inputing the detec-
tor temperature and having the dark current computed for the CCD array on Space
Telescope for the Wide Field/Planetary Camera. The equations (9) for the dark
current are given by

D = 29.3 x 109 x T 3/2 exp(-5802.1Z) , (10)

where

-4
1.1557 7.021 x 10 T

Z - T 1108 + T ' (11)

and where T is the detector temperature in degrees Kelvin.

Equation (9) can also be solved for the time required to achieve a particular
(S/N). Solving for the time gives

(S/N) 2 (Ss+Su+Sb+D) (S/N) 4 (Ss.Su+Sb+D) 2 I 1/2
t = 2 + 4 + (S/N) 2 (R/Ss)2 see .

2S s 4S s
(12)

How the diffraction efficiency is calculated will now be discussed. As previously
mentioned, the diffraction efficiency is the integral of the normalized point spread
function over the detector pel area. The analytic expression for the normalized
rotationally symmetric point spread function is given by [2]



1

_ 8 f MTF(Vn,X) J0(2_r [Dp._/X.64800]_ n) VndVn , (13)
PSF(r, X) Tp 0

where r is the radius of the PSF in arc seconds, Dp is the diameter of the telescope

entrance pupil (era), X is the wavelength (cm), Un is the normalized spatial frequency,

Jo is a zero order Bessel function of the first kind, _p is the pupil transmittance,
648000 is the number of arc seconds in pi radians, and MTF is the modulation trans-

2
fer function. For a central obstruction, the pupil transmittance is given by i-_ ,
where € is the ratio of the obstruction diameter to the clear diameter. Equation (13)
is normalized such that PSF(0,X) = i, however it can be scaled [2] in units of energy

cm -2 sec -1 by multiplying by Tp 72 D2p/16X2F 2, where F is the system focal ratio.
The MTF is composed of the product of the individual MTF's representing the perfeet
lens, the image jitter, and the high, mid and low frequency aberrations of the
optical telescope assembly. The MTF equation for the perfect lens is given by [2]

TPL(v n) = (A+B+C)/(1-€ 2) , (14)

where

A = 2 [arc cos( Vn(1-Vn2) 1/2] 0 < < 1 0
9n)- ; - Vn - " (15)

A=0 ; _ >1.0
n

B - 2_2 (arc coS(Vn/_)-(Vn/€)[1-(Vn/V)2] 1/2} _ _; 0 < _n/_ < 1.0
(16)

B = 0 ; _n/a > 1.0

C =-2€ 2 ; 0 < v < (1-€)/2
-- n --

= - _ sine + _ (l+€ 2) - (1-_ 2) arc tan \1--:-_ tan - 2€ 2 ; (17)

(1-_/2) < Vn < (1+v/2)

C = 0 ; _n > (1+€/2) ,

and

[I-€2-4_n2 1¢ = arc cos U _

8



The MTF for image jitter is given by [2]

2 . 2 . 1

-2_ 2 ' oj2 " Dp _n 2 (18)
TJ(_n,k) = exp k2 . 6480002 '

where _j is the rms jitter in arc seconds, Dp is the telescope entrance pupil diameter
(cm), 648000 is the number of arc seconds in pi radians and _ is the wavelength
(cm). The MTF for the high frequency wave aberrations is given by [4]

_42 . _ 2 ]TH(_) = exp _ff ,h , (19)

where _h is the rms high frequency aberration (era). The MTF for the mid frequency

aberrations are given by [1]

m2)TM(Vn,t ) = expL k t_ {1- [1- 18 " _n ] ; _n < 1/18 (20)

TM(,Jn,X) = exp Xg ; ,on _>1/18

where _m is the rms mid frequency aberration (cm). The MTF for the low frequency

aberrations is given by [ 1]

2.815%
TL(_n,k) = 1 k sin ; _n ! 0.355 (21)

_L
TL(Vn,_) 1 - 0:0373 _ (-0.9 + sec[3/4(,on-0.4)]) ; Vn > 0.355

where _is the rms low frequency aberration (cm). If TL(Vn,k) becomes negative,

it is set to zero. Thus, the MTF(_n,k) in equation (13) is given by

MTF(_n,_) = TPL(,on) .TJ(Vn,_) .TH(_) .TM(_ n,_) .TL(v n,_) (22)

For a given wavelength, the encircled energy, EE(ro,_), is given by [2]

9



X • 648000 PSF(r,X,0) rdrd6 . (23)
O O

Since PSF is radially symmetric, equation (23) becomes

2

2{Op}/_mp • _ o
EE(r o,X) = _ X • 6-48-000 PSF(r,X)rdr . (24)

O

The encircled energy is normalized such that EE(oo,X) = 1. Substituting (13) into
(24) gives

EE(ro'X) = 4_2 _X • 648000 MTF(_n'X) Jo (2_r X • 648000 _n )rdr _nd_n
O

(25)
or

EE(ro'X) = 2_ro X - 64-80-00-j MTF(_n'X) Jl(2_ro X • 648000 _n ) dun
o

where J1 is a first order Bessel function of the first kind, Dp is the diameter (cm)

of the telescope entrance pupil, r ° the radius of the encircled energy in are seconds,

X is the wavelength and 648000 is the number of arc seconds in pi radians. To

achieve reasonable accuracy Vn needs to be calculated for at least 400 points in the

< 1. Thus, _n is incremented in increments of 1/400. It is alsorange 0 < _n-

recommended [1] that the following numerical integration scheme [10[ be used:

b

/ hf(x) dx - 4.5 4Yo+6"4YI+2"4Y2+6"4Y3+2"SY4
a

(26)
+6.4Y5+2.4Y6+6.4Y7+2.8y 8

e.eee.eo.eeoe.ee.eeoeeeeelooe*eee..o.

+6" 4Y4n- 3+2' 4Y4n- 2+6" 4Y4n- 1+1" 4Y4n 1
where 4nh=b-a.

10



The computation of the diffraction efficiency is very similar to computing
encircled energy except that the integration is performed over a square or rectangu-
lar area instead of a circular area. Thus, for a particular pel, equation (23) becomes

]2/2i2DE(_) - 4 ), • 648000 PSF(x,y,_) dxdy , (27)

Yl Xl

where x,y are expressed in arc seconds. Each pel is broken into a 20 by 20 sub-
pixel array. The distance from each subpixel to the chief ray of the diffraction
image is computed. Since the PSF is radially symmetric, the value of PSF(x,y,_) is

found by interpolating the value of PS (r,X) to a value of r = (x2+y2) 1/2 This
procedure is used for the signal star as well as the second star.

11
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TABLE 1. PHOTOPIC EYE RESPONSE

(10-5cm) K(X) X (10-5cm) K(X) X (10-5cm) K(X)

3.8 0.00004 5.1 0.503 6.4 0.175
3.9 0.00012 5.2 0.71 6.5 0.107
4.0 0.0004 5.3 0.862 6.6 0.061
4.1 0.0012 5.4 0.954 6.7 0.032
4.2 0.004 5.5 0.995 6.8 0.017
4.3 0.0116 5.6 0.995 6.9 0.0082
4.4 0.023 5.7 0.952 7.0 0.0041
4.5 0.038 5.8 0.87 7.1 0.0021

4.7 0.09 6.0 0.631 7.3 0.00051
4.8 0.139 6.1 0.503 7.4 0.00025
4.9 0.208 6.2 0.381 7.5 0.00012
5.0 0.323 6.3 0.265 7.6 0.00006

TABLE 2. QUANTUM EFFICIENCIES

(10-5cm) Q(X) x (10-5cm) Q(x) x (10-5cm) Q(},)

1.0 0.0" 4.5 0.08* 8.0 0.12
1.5 0.028* 5.0 0.12 8.5 0.105"
2.0 0.05 5.5 0.15" 9.0 0.09
2.5 0.05 6.0 0.18 9.5 0.08*
3.0 0.05 6.5 0.18" 10.0 0.07
3.5 0.06 7.0 0.18 10.5 0.045*
4.0 0.04 7.5 0.15" 11.0 0.02

*Interpolated Values

TABLE 3. FILTER FUNCTION

(10 -5 cm) F(_)

5.0 0.278*
5.5 0.899
6.0 0.578
6.5 0. 0835*

*The values were divided by 2 for using trapezoidal
rule in numerical integration over wavelength.

13
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APPENDIX A

OUTPUT EXAMPLE

ENTERSIGNRL STAR(S!) UISURL I'IRGNI'I'USE
?a"/.

ENTERCHOICEOF SPECTRRLDZSTRI|U'rIoH FORSOURCE
FLAT DISTRIBUTIONoe_BLRCKBODYDISTRIBUTION-1

ENTERHUNBEROF UAUELENGTHS
9E1.

ENTER I.OMER_D UPPER MAUELENGTHS(CN)
?1 .E-5,11.E-5

ZS THERER TASLE OF QURHTUREFFZCIEHCIES?(VES-11NO-S)
71.

IS THERER TABLE OF FILTER TRRNSfllSSIONS?(VES-I/NO-e)
91.

ENTERTELESCOPEENTK_NCEPUPIL DZRNETER(CM)
?24e.

ENTERSYSTEflFOCAL RATIO
712.9

EHTEROIBSCURRTIONRATIO
?e. 33

ENTERRMS IIIRGE JITTER(ARC SECONDS)
?e. _7

ENTERHIGH FREQUENCYRflS ABERATIOtiS(Cfl)
?@.121E-5

EHTERMID FREGUENCVRflS AIERRTIONS(Cfl)
?e. 13e4E-5

ENTERLOM FREGUENCYRNS RIIEK_TIOI'IS(CI'I)
?@.2361E-5

DOYOU UI5H TO CONPUTENORFIRLZZEDPOTNTSPREAD
FUNCTION,PSF(S)-I,NID THE NORNALIZEDENCIRCLEDENERGY,
EE(INF )- 17 (YES- 1/HO-S )
?1.

flININUN AIRY RADIUS- .?BSStN)SBE--e3CM- .524L="363SE-el ARC SECONDS

ENTERFIAXIFIUNRADIUS TO CONSIDER(ARCSECONDS)
?@.S

ENTERNUflBEROF RADIUS CRLCULATXOtlS
951 •

ENTERDESIRED UAUELEHGTHNI.JflBER(I,,E,,. • • ,21 )
79,

CLEARSCREENAND RETURNTO CONTINUE
?
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M_II'IV_ _ADIUS. .seeeeeeeE ee ARC SE¢Or_DS. .?Se49157E-e_ CM
_UM_EP ,IFR_DIUS CALCULATIONS 51: WAUELEHGTH- .seoeeeeeE-e4 CM

PADIUS(¢M) PNToSPREADFN. ENCIRCLEDENERGY (ARC SECONDS)ENERGY/SEC/GRI_a
.ooeeoeeeE ee 7178340?E ee .eeeeeeeeE ee .oeeeeeeeE oe .54630e66E 11
tS009831E-03 6_818690E 00 .80034691E-01 .teeeeeeeE-01 .47807730E 11
.30_19663E-03 41356896E ee ._638STSeE 00 .20000000E-01 .314743B¢E 11
.45029494E-03 19aEO44SE Og .43759811E gO .3gggOOggE-gl .146580agE 11
.6_e39325E-@3 5768e580E-01 .S323et2gE ee .4e000e00E-01 .438974e7E Ie
.7Se49157E-03 20511074E-01 .S66?tB43E 00 .seeoeeeeE-01 .15609811E 1@
.9_eSag88E-e3 32076381E-01 .SggS4483E 00 .60000000E-01 .E44115eEE le
.105_6882E-ee .41359947E-01 .6589891eE 00 .?eeoee00E-e! .3147670EE 10
.12007865E-ea .32244479E-01 .7aTe231gE 0@ .80000000E-01 .24539438E le
.13S08848E-02 .16E16223E-01 .7758657_E ee .geeeeeOeE-el .1_341244E te
.tSee9831E-ea .61343854E-02 .79957848E Oe .leeeeeeeE 00 .46685316E eg
.tS516814E-eE .3E64292eE-e_ .8104a938E ee .lteeeeeeE e@ .E484a66BE 09
.18011798E-02 ._7686108E-08 .81841905E 00 ._aeoeeeeE ee .E1eTe3_1E 09
.19S12781E-02 .21322428E-@2 .82599344E ee .13000000E 00 .16ae?286E 09
.21013764E-eE .18672712E-02 .83_34957E ee .14000000E ee .14alO?39E 09
.02514747E-@e ._1197206E-ea .839E1188E ee .ISeeeeeeE @0 .16131987E eg
.2401s?3eE-e2 .19664822E-e_ .84735678E ee .;6eeeeeeE ee .14965777E 89
._SS16713E-e_ .l_630_5E-OE .85378890E me .17000000E ee .@33B6904E 08
._7@17696E-e_ .830884S_E-e3 ,85760040E ee .tseeeeeeE _e .63_3389aE 88
.28518679E-02 .1_570514E-e_ .86_45988E e@ .19eeeeeeE e@ .95667089E e8
.30019663E-eE .17948766E-0_ .86935760E ee .aeeeeeeeE ee .1365g?B4E 09
.31S_0646E-0_ .16565774£-0_ .87816518E ee .ateeeeeeE ee .IE607E68E 09
.330216_gE-eE .100368_9E-08 .88541796E ee .a_eeeeeeE ee .76384$91E 08
.34s_61_E-_ .49EI?134E-e3 .B894EB?SE ee ._3eeeeeeE 80 .3?456360E 88
.360_3595E-eE .34663041E-03 .89171E55E 00 .aqeeeeeeE 00 ._6380068E 08
.375_45?8E-e_ .3_668767E-03 .89350920E 0e .aseeeeeeE ee ._486_339E 08
.390_5561E-eE ._ES9_982E-03 .89511280E ee ._600000eE ee ._176@491E 08
.405_6545E-e_ .30576034E-03 .89719784E 00 ._?eeeeeeE 00 .23_69679E 08
.420_7508E-0_ .3836375_E-03 .89876181E ee .aseeeeeeE 00 .29106469E 08
.435_ES11E-e_ .3712616SE-03 .90_3_3_E ee ._9eeeeeeE e@ ._8_54611E 08
.4S029494E-0_ .25106076E-03 .90436156E 00 .30000000E 00 .19106805E 08
.46530477E-_ ._0103978E-_3 .9067_5_E 00 .31000000E 00 .15_99993E 08
.48031460E-0_ .31_68894E-03 .9081_3_5£ 00 .3aeeeeeeE 00 ._3796975E 08
.49532443E-0_ .43781817E-03 .911959_5E 00 .33000000E 00 .33319849E @8
.510334_6E-0_ .4085945EE~03 .91475336E 00 .3400000eE 00 .3109$804E 08
.52S34410E-e_ .26334991E-03 .9180960_E 00 .350000e0E 00 .aee4ae63E 08
.S4035393E-_ .15_10166E-03 .91884?14E 00 .36000000E 00 .11577114E 08
.55536376E-ik?. .I_71794E-03 .920S0378E ee .3?eeeeeeE 00 .93393643E 07
.57037359E-02 .116364_3E-03 .gaesstSeE ee .38000000E 00 .88SSEtg_E 07
.5853834_E-e_ .10S?_196E-03 .9_173598E 00 .39000000E 00 .Ee45B_?OE 07
.see39325E-eE .11850355E-03 .gE409051E 00 .40000000E ee .90186305E 07
.61540308E-e2 .146637e7E-03 .9_394983E ee .41000000E 00 .11159713E 08
.6384129_E-e_ .1400635_E-03 .92556743E e@ .4_000000E ee .10659437E 08
.6454_75E-e_ .99118686E-04 .9EEe1915E ee .43000000E me .75433591E 07
.66043_58E-ea .87950077E-04 .98731?3_E ee .44000000E 10 .66933?98E 07
.67544_41E-0_ .13343053E-03 .9_950553E ee .4seeeeeeE 00 .101S4638E 08
.69045_4E-0_ .17811796E-03 .93103175E 00 .4EeeeeeeE 00 .13555S45E 08
,?es46_e?E-ea .163394_3E-03 .934_3958E 00 .4?000000E 00 .t_43SeeSE 08
.72047190E-ea .10848708E-03 .g3366166E 00 .48e00000E 00 .8E563339E 0?
•735481?3E-e_ .68gSE311E-04 .935599_6E 00 .4meeeeeeE ee .52478?E4E 0?
.?Se49157E-02 .58774463E-04 .9361_036E 00 .seeeeeeeE ee .447EREggE 17

DOYOU WISH TO CHANGEANY PSF PARAMETERS?(YES-1jMO-e)
?e.

CLEAR SCREENAND RETURNTO CONTINUE
?
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ENTER×,Y PEL UTDTHS(RRCSECONDS)
?e.l,e.l

ENTERX,V PEL CENTER$EPRRRTZOr!S(_RCSECONDS)
7e.l,e.1

ENTERNURBEROF PELS ZH X,V DIRECTIONS
7g.,_.

ENTERX,V COORDINATESOF SIGII_L $TAR(_qC SECONDS)
?e.e$, .e.eG
u_u. .soeeeeeeE-t4 Ix-1 ][Y-I D|FE- .5774514SE 00
I_U- .5eeeeeeeE-O4 11-1 Iv-e DIKE- .47940138E-01
k_V- .seeeeeeeE-e4 ix-2 Iv-1 DIF1E- .47940138E-01
U_V- .sQeeeeeeE-e4 ix-2 Iv-2 DIKE- .1ea63e14E41
_- .5seeeeeeE-e4 Ix-1 iv-1 DIFE- .57_7385eE ee
I.I¢_- .55eooOOOE-I)4 iix-1 IY-2 DIKE..4"_)84166E-01
Mf_U- .55eeeee@E-e4 IX-2 iv-1 DIFE- .47984166E-O1
U_U- .55eeeeeeE-e4 IX-6 IV-2 DIKE- .12a3L_e?tE-el
U_u- .?eeeeeeeE-e4 ix-1 ZY-I DIKE- .UO34g?OE CO
I,I_U- .6meeeoE-e4 1x-1 Iv-2 DIFE- .46483964E-01
I_qV- .6eeeeeeeE-e4 lx.o 1v.1 DIKE- .46483964E-01
_qV- .?eeeeeee£-e4 1x.6 zv.a DIKE- .147S14O?E-O1
I_U- .65eeeeeeE-e4 IX-1 IV-1 DIKE- .56404891E el
w_- .?seeeeee_-o4IX-1 IY-8 DIFE- .44573175E-el
W_- .?seeeeeeE-e4 Ix-8 Iv-1 DIKE- .44$?317sE-el
w_v- .?seeeeeeE--e4 Ix.2 zv-o DIFE- .1741153eE-e1

ENTERCOSNIC BRCKGROIJNDUISURL ItRGNITUDE

DO YOU UISH TO INCLUDEd ih_CKGROUNDSTRR?(VES-IIItO-e)?e.

ENTERRflS RERDOUTNOZSE(ELECTRONS/PEL)
718.

ENTERDETECTORTENPERRTURE(KELUIII)
7178.

ENTERODSERVRTIOflSTARTAND ENDTIRES(SECONDS)
?36ee., 5e4ee.

ENTERNUNBER()I) OF TItlE ORLCULRTIOIIS
714.

ENTERSTART NID END $1rGHCILTO NOISE RPi?IOS(S/H)
91.,le.

ENTERNUflBER()I) OF (SIN) CRLCULftTION$
?le.

CLEI_RSCREENRNDRETURNTO CONTINUE
7

l?



O0

•8S=80£ 05 .384?E 01 2 1
.88880£ 05 .32980 01 2 1

TELESCOPEEHTRANCEPUPIL DZAflETER248.eee cM .384@eE os .35350 81 2 1
OPTICAL SVSTEHFOCALRRTTO IE.ge .360805 es .37570 ;)1 E 1

.396805 05 .39680 81 2 1
SOURCESTAR CHARACTERISTICS .43888E e$ .41680 81 2 1

SOURCEn_NITUD( 2?.ee .46880£ e$ .43605 81 8 1
.58480£ os .45440 Ol 2 1

COSRIC BRCKGROUHDCHARACTERISTICS .36$80£ e4 .02140 ee 8 8
COSflXCSmCKGROUHD"_ZTU_ 23.eo .?eeoeE04 .38160ee E E

.188o0505 .S1050ee e a
SYSTEMSPECTRALCHARACTERISTICS .144$eE OS .6e880 ee E 8

MAQELEHGTH(CR) GUN1.EFFIC. FILTER FUHCTZOfl .18O00£ 05 .71680 ee 2 2
.SeOOE-O4 .1L=qIOEOe .a780£so .21680£ 85 .80380SO e e
.5500(-84 .1540E eo .8994( 05 .8SEO0£ @5 .88340 ee 8 8
.6800£-04 .18005ee .s780£ee .eue0£ 05 .05_E ee = _
• 6500£-04 .1800£ ee .8350£-81 .32408E $S .10260 81 2 2

• 36080£ 85 .1091E 01 2 8
DETECTORCI_RACTERIST;CS .39680£ 85 .11530 el 2 2

PEL DZflEHSIOHS(RRCSECOHDS)1X- .leee Y. .leee .438e0£ @s .I0110 81 P 2
PEL CENTERSEPARATZOII(RRCS(CONDS)sX, .leee ym .lOee .46880£ 05 .1868E 81 2 2
SOURCESTAR COORDINATES(ARCSECONDS)IX= .0£04 Y- .es8e .s8400£ 85 .1321£ 81 8 2
_Av SIZEzX- E BY v- 8
RRSREADOUTHOlSE(ELECTRONS/PEL)t 18.88 (S/H) SECON])S PEL HURBER
DETECTORTERi_ERRTURE( KELUIfl) _1?8. eeee !. ee .889490 8_ 1 1
DARKCURREHT(ELECTROHS/PEL/S£COHD)_.5332?P_?.4E-82 2.co .81?42E 03 1 1

3.ee .39891E 83 1 1
SIGItRL TO HOISE RATIO AS A FUNCTIONOF O_$ERVRTZOflTIRE 4.04 .6:868E 83 1 1
pHI) PEL FRJflBER s.oe .ge4e?E 83 1 1

TZI_(S£COItDS) (S/R) PEL ItUI_ER 6.44 .1_4510 84 1 1
.36088E 04 .79860 41 1 I ?.ee .164490 04 1 1
.?Ieee£ 84 .1288£ e_ 1 I 8.co .81842E 04 1 1
.108eeE es .16621£ _ 1 I 9.ee .86234E 84 1 1
.144000 85 .19750 82 1 1 le.oo .380P80 84 1 1
.1888_E 85 .884RE ea 1 1 1.ee .247690 84 1 2
.21680£ 85 .24930 IN?. 1 I 2.84) .901380 04 1 2
.L::_=IeeE05 .:7180 _ I 1 3.ee .1986SE 85 1 2
.28884( 05 .29LW1-.pE4h?. 1 1 4.0e .35849E 4)5 1 2
.3E4eeE 4)5 .31190 4k?. 1 1 s.ee .545690 4)5 1 2
.36QeeE 05 .334)30 82 1 1 6.4)0 .?8426E 4)5 1 2
.396880 05 .3476E 82 1 1 ?.ee .14)660E 4)6 1 2
.432880 05 .364EE 4)2 1 1 8.84) .139150 eG 1 2
.4684)0£ 85 .38090 4)2 1 1 9.ee .I?64)20 4)6 1 2
.54)488£ 05 .3952E 4)2 1 1 14).84) .E1?230 06 1 2
.3688_ 4)4 .??SGE ee I 8 1.84) .24769E 4)4 2 1
.?IeeeE 04 .13290 4)I 1 8 2.ee .94)138E 4)4 2 1
.14)8e0£ 05 .I??EE 4)1 1 e 3.04) .198651£ 05 2 1
.144000 es .214?E 4)1 1 2 4.co .354)490 4)5 E 1
.18880£ 05 .0478E 4)1 1 e 5.4)4) .54569E 4)5 2 1
.21600£ 85 .2?75E 4)1 1 2 6.4)4) .78406E 4)S 2 1
.isIeDE 05 .3847E 4)1 1 2 7.4)4) .10682E 05 2 1
•28800£ 05 .32990 4)1 1 a 8.4)4) .139150 06 2 1
.32404)E O5 .3535E 4)1 1 e 9.4)4) . 176020 86 2 1
.3608_ eS .3?S?E 4)1 1 2 14).4)4) .217231£ $G 2 1
.396080 05 .39681£ 4)1 1 2 1.4)4) .8S804E $S 2 8
.438880 4)S .4168E 4)1 1 8 2.4)4) .14)214)E4)4) 2 2
.468000 @5 .43640 4)1 1 e 3.04) .889860 04) 2 8
.s4)480£ 05 .45440 4)1 1 2 4.co .44)?890 06 8 E
.36880£ 44 .?756Eee 2 I s.e4) .636180 4)6 2 2
.?ee4)4)E04 .1329E 01 8 1 6.ell .91S93E 86 8 2
• 16880£ 4)5 .1??21£ 01 2 1
• 1444)4)E4)5 .2147E 81 2 1
.18e00£ 4)S .2478E 4)1 2 1
• 2164)0£ 4)5 .E??6E 4)1 8 !



?.ee °18465£ o? 8 8
8.00 .16a88E o? E O
g.oo .28604( o? 2 8

le.ee .85436E O? 8 8

DO YOUWISH TO CHANGESOURCEflAGNXTUK?(YES-ljH0-O)
?e,

DO YOUUXSH TO CHNIG( COSIqZCBRCKGROUIIDMRGNXTUDE?(¥F.S=IjNO-e)
?e.

DO YOUUISH TO CHANGEBRCKGROUNDSTRR flAGNXTUK?(Y£S-IjHO-O)
?e.

DO YOUUISH TO CHNtGEDETECTOREFF'ECTS?(YES-loH0-e)
?e.

DID YOURRI(£ AHY CHNtGES?(YE$-I;HO-e)
?e.

_STOPZO

19



APPENDIX B

PROGRAM LISTING

07:4b AUG tOw'B4 DC/PNTSRC,JAYROE

IMPLICIT DOUBLE PRECISION(A-HwO-Z)
DIMENSION TPL (qo0), Tj(qO0), TH(21)
DIMENSION TM(400p21),TL (400,21),FXJ (400),DFE(IO, I0)
DIMENSION SIGNL(2OO),PELS(IO_ IO),PELB(IO, IO),DIFE (I0,10)
COMMON /BESF!FXO (_00),PR(200_21), TTOT (_00,21) ,QUEF (21),FF (21)
COMMON /PHOF/XK (40)
WRITE(I02,6000)

bOO0 FORMAT('ENTER 81GNAL STAR(_I) VISUAL HAGNITUDE')
READ (I01r_000) X$I

qO00 ;FORMAT(20G)
XISI=O,37353,10,O**(-O,4,XSl-5,)
HC=I,gB65E-16
HCOK=I,q388
DLA=I,E-b
KRESP=O
WRITE(I02,600t)

6001 FORMAT(/,'ENTER CHOICE OF SPECTRAL DISTRIBUTION FOR SOURCE')
_RITE(IO2,bO02)

bOO2 FORMAT('FLAT DISTRIBUTION:O;BLACKBODY DISTRIBUTION:I*)
READ(IOIpQOOO)KRESP
IF(KRESP,EQ,I)GO TO 90
XISL1=(XIS1*10,O**5)/(1,0682,HC)
GO TO 120

90 WRITE (I02,bOOLI)
6000 FORMAT(/,'ENTER SIGNAL SIAF_ EFFECTIVE TEMPERATURE(KELVIN)')

READ(101,4000)ST1
DO 110 IK=le]9
READ (20r5000) XK(IK)

5000 FORMAT(E15,8)
110 CONTINUE

CALL PHOI (STI,HCOKnDLA,HC, XINT)
.XISLI=XISt*XINT

120 VWRITE(102,6008)
bOOS FORMAT(/w*ENTER NUf_BER OF V_AVELENGTHS')

READ(IOI,qOOO)N_AV
DL=O,
DO 125 I=1a21
.QUEF(I)=I,
FF(1)=I,

125 CONTINUE
FF(1):=O,5
FF(21)=0.5
IF(NWAV,EQ,I)GO TO 130
_RITE(IO2,b012)

6012 FORMAT(/,*ENTER LOWER AND UPPER tNAVELENGTHB(CM)*)
READ(101 t _1000) WAVLt_JAVH
X=NWAV'I
DL= (tNAVH-hAVL)/X
GO TO 1/40

130 W.RI.TE(!02tb016)

20



601b FORMAT(/,'ENTER _AVELENGTH(CM)')
READ(IO1,4OOO)_AVL
_RITE(102,6020)

6020 FORMAT(/r'ENTER QUANTUM EFFICIENCY AND FILTER TRANSMISSION')
READ(IOI_qOOO)QUEF(1)eFF(1)
GO TO tBO

I_0 _RITE(IO2,b02_)
602a FORMAT(/,'IS THERE A TABLE OF QUANTUM EFFICIENCIES?(YES=IINO=O)')

READ(IOI_QOOO)IRESP
IF(IRESP.NE.I)GO TO IbO
DO 150 I=I_NWAV

150 READ(22,5000)QUEF(I]
tbO _RITE(IO2,b028)

6028 FORMAT(/r*I$ THERE A TABLE OF FILTER TRANSMI$SION$?(YES=I_NO=O)')
REAO(IOIr4OOO)IRESP
IF(!RESP.NE.I)GO TO 180
DO 170 I=twN_AV

170 READ(2_,5OOO)FF(1)
180 _RITE{IO2,b032)

b032 FORMAT(/w'ENTER TELESCOPE ENTRANCE PUPIL DIAMETER(CM)')
READ(IOI,4OOO)DP
_RITE(lO2rbO3b)

bO3b FORMAT(/,'ENTER SYSTEM FOCAL RATIO')
READ(IOI,4OOO)FR
CUTF=I./(FR*_AVL)
_RITE(102,6040)

bOQO FORMAT(/,'ENTER OBSCURATION RATIO _)
READ(IOI,QOOO)EN
EN2=EN*EN
ENPL$=I.+EN2
ENMNS=I.-EN2
ENRAT=(I.eEN)/(I.-EN)
PI=3,1_1592b
TOPI=2,/PI
DM=0,0025063
XARG=-DM
DO 210 I=l,_O0
A=O,
B=O,
C=O,
XARG=XARG.DM
IF(XARG,GT.I.)GO TO 210
A=TOPI*(ACOS(XARG)'XARG*SQRT(I.'XARG*XARG))
IF(EN.LT.O.OOt)GO TO 210
YARG=XARG/EN
IF(YARG,GT.I,)GO TO 195
B=TOPI*EN2*(ACO@(YARG)'YARG*$QRT(I,'YARG*YARG))

195 ZARG=XARG*2./(t.-EN)
IF(ZARG,.GT,I.)GO TO 200
C='2.*EN2
GO TO 210

200 _ARG=XARG*2./(I..EN)

2i



IF(WARG.GT.I,)GO TO 210
PHI.=ACOS((t.+EN2-4.*XARG*XARG)/(2,*EN))
C=EN*SIN(PHI).PHI*ENPLS/2,-ENMNS,ATAN(ENRAT,TAN(PHI/2,))
C:C*TOPI-_,*EN2

210 TPL(I):(A+B+C)/ENMNS
DN=O,OO2Sob3*_AVL
WRITE(IO2rbO_4)

bO_4 FORMAT(/r'ENTER RM8 IMAGE JITTER(ARC SECONDS)')
READ(IOI,4OOO)SIGJ
_RIIE(IO2,6048)

bOO8 FORMAT(/,'ENTER HIGH FREQUENCY RMS ABERATIONS(CM)*)
READ(IOI,QOOO)SIGH
_RITE(102,6052)

b052 FORMAT(/,'ENTER MID FREQUENCY RM8 ABERATIONS(CM)*)
READ(IOI,4OOO)SIGM
_RITE(tO2,a056)

b056 FORMAT(/r'ENTER LOW FREQUENCY RMS ABERATIONS(C_)')
READ(IOI,4OOO)SIGL
WAV=_AVL-DL
FACJ_PI*@IGJ*DP*PI/b48000.
FACJ=-2.*FACj*FACJ
FACH_-4.*PI*PI*SIGH*SIGH
FACM=-4.*PI*PI*SIGM*SIGM
DNU=DM
DO 250 N_=IwNWAV
PROD=QUEF(NW)*FF(NW)
BAV=_AV+DL
XNU=-DNU
TH(NW)=EXP(FACH/_AV**2)
DO 250 I=1w400
XNU=XNU.ONU
TJ(1)=EXP(FACJ*XNU*XNU/_AV**2)
TTOT(I,NW)=O,
IF(PROD.LT.t.E-4)GO TO 250
XARG=XNU
TM(IrNB)=EXP(FAC_/WAV**2)
YARQ=I.-18.*XARG
IF(YARG.LT.O,)GO TO 220
ZARG=-FACM*YARG**t,5/WAV**2
TM(IeN_)=TM(I_NW)*EXP(ZARG)

220 IF(XARG,GT,O,355)GO TO 230
YARG=PI*XARG/O,6
TL(IrNW):1,-2,B!5*SIGL*SIN(YARG)/WAV
GO TO _0

230 YARG=O,75,(XARG-O.q)
IL(I,NW)=1.:-SIGL*(-O,9+1./CO$(YARG))/(O.O373*WAV}

240 IF(TL(IrNW).LT.O,)TL(IeNW)=O,
TTOT(I_NW)=TPL(1)*TJ(1)*TM(IwNW)*TL(I,NW)*TH(NW)

250 CONTINUE
WRITE(IO2,bObO)

bObO FORMAT(/,'DO YOU WISH TO COMPUTE NORMALIZED POINT SPREAD*)
_RITE(IO2,6ObQ)

22



6064 FORMAT('FUNCTION,PSF(O):I,AND THE NORMALIZED ENCIRCLED ENERGY,')
_RITE(IO2_BObS)

6065 FORMAT(°EE(INF)=I?(YES=t;NO=O) ")
READ(IOlrqOOO)IRESP
IF(IRESP,NE,])GO TO 350
WA - "V-_AVL-DL
DO 255 I=I,NWAV
_AV=_AV.DL
PROD=QUEF(1),FF(I)
IF(PROD,LT,I,E-q)GO TO 255
_AVM=_AV
GO TO 256

255 CONTINUE
256 RAD=I,22*WAVM*FR

ANG=I,22*WAVM*6QSOOO,/(DP*PI)
_RITE(IO2r606b)RADrANG

60bb FORMAT(/r'MINIMU_ AIRY RAOIUS='pEIS,Sp' CM=',E]5,S,
&" ARC SECONDS')

2bO WRITE(IO2,6Ob8)
6068 FORMAT(/,_ENTER _AXIMUM RADIUS TO CONSIDER(ARC SECONDS)')

READ(IOI,aOOO)RMAX
WRITE(IO2gb072)

b072 FORMAT(/rWENTER NUMBER OF RADIUS CALCULATIONS")
READ(IOIf4OOO)NR
WRITE(IO2,bOTb)

6076 FORMAT(/w'ENTER DESIRED WAVELENGTH NU_BER(I,2r,,,,2I)')
READ(IOIF_OOO)J_
_RITE(IO2,b07?)

6077 FORMAT(/F'CLEAR SCREEN AND RETURN TO CONTINUE')
READ(IOIr_OOO)DU_MY
X=NR'I
RCM=RMAX*DP*FR*PI/648000,
DR=RCM!X
DRY=RMAX/X
DWAV=JW-I
_AVX=_AVL+D_AV*DL
$CAL=ENMNS*(PI*DP/(4,*FR*WAVX))**2
DRZ=RMAX*DP*PI/(X*_AVX*648000,)
ZR=-DRZ
YR=-DRY
XR='DR
WRITE(tO2,7OOO)RMAXwRCM

7000 FORMAT('MAXIMUM RADIUS=',E15,8, ° ARC SECONDS=',E15,8," CM')
WRITE(tO2eTOO4)NRrWAVX

7004 FORMAT('NUMBER OF RADIUS CALCULATIONS',IQ,': WAVELENGTH=',EI5,Br
&" CM,)
_RITE(I02,7008)

7008 FORMAT(/," RADIU@(CM) PNT,SPREAD FN, ENCIRCLED ENERGY',
&" (ARC SECONDS) ENERGYISEC/CM**2")
DO 3_0 IR=I,NR
XR=XR.DR
YR=YR.DRY
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ZR=ZR+DRZ
XNU=-DNU
DO 310 I=I,_00
XNU=XNU.DNU
X=2.*PI*ZR*XNU
IF(X.GT,O.)GO TO 2B5
BESO=t.
BESt=O.
GO TO 300

.285 IF(X.GT._.)GO TO 290
X2=X12.
X22=X2*X2
X2_=X22*X22
X26=X2a*X22
X28=X2q*X2Q
BESO=I,-X22+X24/_.-X26/36,.X28/57b,-X2B,X22/14_O0.
BESO=BESOeX28*X2_/518400,-X28*X2b/25_OI600.
X3=X22*X2
X5=X2Q*X2
X7=X26*X2
xg=x28*X2
BES_=X2-X312.eXS/12,-XTIIqQ.eXQ/2680.-XT*X22/SbqO0.
BESt=BESl+XQ*X22/3628800,-XT*X28/203212800,
GO TO 300

_290 X2=X*X
X3=X2*X
X_=X3*X
XS=X_*X
X6=XS*X
PO=I,-O,OTO3125/X2+O,II2152/Xq-O,5725/X6
QO=-O,125/X.O.O732q22/X3-O,227108/X5
BESOmO,TQTBSQ6/SQRT(X)
AQ=X'O,7853982
BESO=BESO*(PO*CO$(AQ)-QO*SIN(AQ))
Pl=l,+O,l171875/X2-O,l_tq56/Xa+O,6765926/Xb
Q1=Oo375/X-O,1025391/X3.O.27757b_/X5
BE$1=O,7978846/SQRT(X)
BQ=X'2,35619q_9.
BESI=BESI*[PI*COS(BQ)-QI*SIN(BQ))

300 FXO(1)=TTOT(I,JW)*BE$O*XNU
FXI(1)=TTOT(IsJW)*BESt

310 CONTINUE
A2=O,
A3=O,
A_=O.
B2=O.
B3=O,
B_=O,
DO 320 J=2,399,2
A2=A2+FXO(J)
B2=B2+FXi(J)

320 CONTINUE
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DO 330 J=3,3g8,q
A3=A3+FXO(J)
A_=A_+FXO(J-2)+FXO(J+2)
B3:B3.FXI(j)
B4=B_.FXI(J'2).FXt(j+2)

330 CONTINUE
SAS=DNU*(t.q*A_+2._*A3.b.q*A2)/_.5
SBS=DNU*(1.q*B4.2,_*B3+6,q*B2)/q,5
PSF=B,*GAS/ENMNS
SPSF=SCAL*PSF
EE=2,wPI*ZR*SB$
WRITE(IO2rTOI2)XRwPSFwEEeYR_SPSF

7012 FORMAT(S(EiS,8pIX))
340 CONTINUE

WRITE(tO2e6080)
6080 FORMAT(/r'DO YOU WISH TO CHANGE ANY PSF PARAMETERS?(YES=tINO=O)')

READ(IOIr_OOO)IRESP
IF(IRESP.EQ.I)GO TO 260

350 _RITE(I02_6077)
READ(IOI_OOO)DUMMY
WRITE(tO2,bO8q)

608q FORMAT(/p'ENTER X_Y PEL WIDTHS(ARC SECONDS)')
READ(IOIr4OOO)XP_,YPW
WRITE(I02,6088)

6088 FORMAT(/s'ENTER XrY PEL CENTER SEPARATIONS(ARC SECONDS)'}
READ(tOIw4OOO)XPD,YPD
_RITE(IO?,bOq2)

6092 FORMAT(/r'ENTER NUMBER OF PELS IN X_Y DIRECTIONS')
READ(IOtg_OOO)NXoNY
DO 360 I×=iFNX
DO 360 IY=IrNY

360 PELB(IX,IY)=O.
WRITE(tO2wbOg6)

6096 FORMAT(/w'ENTER XrY COORDINATES OF SIGNAL STAR(ARC SECONDS)')
READ(IOlt4OOO)PSXpPSY
XN=NX
YN=NY
XMAX=XN*XPD
YMAX=YN*YPD
RMAX=SQRT((XMAX-PSX)**2e(YMAX-PSY)**2)
DRZ=RMAX*DP*PII(iQq.*6_8000.)
DRR=RMAX/tgg.
ZR=-DRZ

C ***** COMPUTE POINT SPREAD FUNCTION **************************
CALL BES(N_AVeDRZeZReDNUeE_IMNS,WAVL,DL)

C ***** INTEGRATE PSF OVER WAVELENGTH **************************
IF(NWAV.GT.I)GO TO _QO
PROD=QUEF(I)*FF(t)*XISLI*PI*DP*DP/_.
DO q}O IR=i_200
IF(KRESP.EO.t)GO TO _25
SIGNL(IR)=PROD*PR(IRwI)/_AVL
GO TO _30
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425 Y=HCOK/(WAVL*STt)
81GNL(!R)=PROD*PR(IR,I)/((EXP(Y)-I.)*_AVL**b)

430 CONTINUE
GO TO 480

_40 M_AV=N_AV-t
FACmXISLI*PI*DP*DP*DL/q.
DO _70 IR=I,200
_AV=WAVL.
PROD=QUEF(1),FF(1)*PR(IR,I)
IF(KREBP.EQ.1)GO T_ _1
SUM=PRODIWAV
GO TO 4_2

44t Y=HCOK/(_AV*STJ)
SUM=PROD/((EXP(Y)-I.)*_AV**b)

442 IF(N_AV.EQ.2)GO TO QbO
DO 450 j_=2,MWAV
WAV=_AV+DL
PROD=QUEF(J_)*FF(JW)
IF(PROD.LT.I,E-4)GO TO _50
IF(KRESP.EQ.1)GO TO 44b
8UM=SUM+PROD*PR(IReJ_)/WAV
GO TO 450

_4b Y=HCOK/(WAV*STI)
8UM=SUM+PROD*PR(IR,J_)/((EXP(Y)-I.)*WAV**b)

450 CONTINUE
4bO BAV=_AVeDL

PROD=QUEF(NWAV)*FF(NWAV)*PR(IR,NWAV)
IF(KRESP.EQ.I)GO TO 465
SUN=SUM+PROD/WAV
GO TO qbb

_65 Y=HCOK/(_AV*STt)
SUM=SU_.PROD/((EXP(Y)-t,)*WAV**b)

4bb SIGNL(IR)=SUM*FAC
470 CONTINUE

C ***** INTEGRATE SIGNAL OVER PELB ******************************
4BO DPX=XPW/20,

DPY=YPW/20.
DO 500 IX=liNX
DO 500 IY=IFNY
PEL@(IX,IY)=O.
Xl=IX't
YI=IY'!
XX=-DPX/2.+XI*XPD
SUM=O.
DO 490 IDX=I,20
YY_-DPYI2.eYI,YPD
XX=XXeDPX
DO 490 IDY=X,20
YY=YY.DPY
D.IF=(PSX-XX)**2+(PSY-YY)**2
DST=SQRT(DIF)
FRAC=DST/DRR
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NUM=FRAC
IF(NUM.GE.IQg)GO TO 500
XNUM=NUM
FRAC=FRAC-XNUM
FAC=I.
IF((IDY,EQ.I).DR,(IDY,EQ,20))FAC=O,5
IF((IDX.EQ.t).OR.(IDX.EQ.20))FAC:FAC*O,5
SUM=SUM+FAC,(SIGNL(NU_+I)+FRAC*($IGNL(NUM+2)-$1GNL(NUM+I)))

qgO CONTINUE
PELS(IXFIY)=SUM*ENMNS*PI*DPX*DPY*(PI*DP/t2gbO00.)**2

500 CONTINUE
C ***** CALCULATE DIFFRACTION EFFICIENCY ***********************

_AV=WAVL-DL
DO g20 NW=IwNWAV
WAV=WAV+DL
PROD=QUEF(NW)*FF(N_)
IF(PROD.LT.I.E-q)GO TO 920
DO 920 IX=IrNX
DO g20 IY=I_NY
XI=IX'!
YI=IY'!
XX=-DPX/2,+XI*XPD
SUM=O.
DIFE(IXrIY)=O,
DO gO0 IDX=Ie20
YY=-DPY/2.+YI*YPD
XXzXX+DPX
DO gO0 IDY=Iw20
YY=YY.DPY
DST=BQRT((PSX-XX)**2.(PSY-YY)**2)
FRAC=D_T/DRR
NUM=FRAC
IF(NUM,GE.Igg)GO TO 910
XNUM=NUM
FRAC=FRAC-XNUM
FAC=I.
IF((IDY.EQ,t).OR,(IDY.EQ,20))FAC=O.5
IF((IDX.EQ.I),OR,(IDX,EQ,20))FAC=FAC*0.5
BUM=8UM+FAC*(PR(NUM.IrNW)+FRAC*(PR(NUM+2FN_)'PR(NUM+t,N_)))

gO0 CONTINUE
DIFE(IXFIY)=SUM*ENMNS*PI*DPX*DPY*(PI*DP/(WAV*1295000.))**2

9!0 WRITE(IO2,7OtT)WAV,IXpIY,DIFE(IX,IY)
7017 FORMAT('WAV='wEIS,Sr" IX='_IIr" IY=',II," DIFE=',Et5.8)
920 CONTINUE

C ***** CALCULATE BACKGROUND SIGNAL ****************************
WRITE(tO2fB!O0)

b!O0 FORMAT(/p'ENTER COSMIC BACKGROUND VISUAL MAGNITUDE')
READ(tOt,QOOO)XMB
XIMB=O.37353*IO.O**(-O._*XMB-5.)
IF(KRESP.EQ,t)GO TO 510
XIMLB=(XIMB*IO,O**5)/(I,ObB2*HC)
GO TO 515
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510 _RITE(IO2,eI04)
6104 FORMAT(/_*ENTER BACKGROUND EFFECTIVE TEMPERATURE(KELVIN)")

READ(IOI,4OOO)BEFT
CALL PHOI(BEFT,HCOKnDLA,HC,XINT)
XIHLB=XIMB*XINT

C ***** INTEGRATE OVER WAVELENGTH ******************************
515 IF(NWAV.GT,t)GO TO 520

IF(KRESP.EQ.I)GO TO 517
SUM=XIMLB,QUEF(1),FF(1),_AVL
GO TO 550

517 Y=HCOK/(WAVL,BEFT)
8UM=XIMLB*QUEF(1)*FF(1)/((EXP(Y)-I.),WAVL**q)
GO TO 550

520 WAV=_AVL
IF(KRESP.EQ.I)GO TO 521
8UM=QUEF(I)*FF(1),_AVL
GO TO 522

521Y=HCOKi(WAV*BEFT)
SUM=QUEF(t)*FF(1)/((EXP(Y)-I.),_AV**_)

522 IF(NWAV.EQ.2)GO TO 5qO
MWAV:NWAV-I
DO 530 I:2,MWAV
WAV:_AV+DL
PROD=QUEF(1)*FF(1)
IF(PROD.LT.I.E-q)GO TO 530
IF(KRESP.EQ,I)GO TO 528
SUM=SUM+PROD*_AV
GO TO 530

528 Y=HCOK/(WAV*BEFT)
SUH=SUM+PROD/((EXP(Y)-I,)*WAV**4)

530 CONTINUE
540 WAV=_AV+DL

IF(KREBP.EQ.I)GO TO 5_5
SUM=SUM+QUEF(NWAV)*FF(N_AV)*WAV
GO TO 5q6

545 Y=HCOKI(_AV*BEFT)
8UM:BUM.QUEF(N_AV)*FF(N_AV)I((EXP(Y)-I,),WAV**_)

546 8UM:SUM*DL*XIMLB
550 BGRND=O,7854*DP*DP*SUH,XPW,YPW

IRESP=O
_RITE(IO2,bI08)

6108 FORMAT(/,'DO YOU WISH TO INCLUDE A BACKGROUND STAR?(YEB=IINO=O)')
READ(IOt,qOOO)IREBP
IF(IREBP.NE.I)GO TO 700
WRITE(f02,6112)

6112 FORMAT(/,'ENTER VISUAL MAGNITUDE OF BACKGROUND STAR')
READ(IOIr4OOO)XVM
XIMV=O.37353,10.o**(-O,_,XVM-5.)
IF(KRESP.EQ.I)GO TO 560
XIMLV=(XIMV*IO.O**5)/(1.0682,HC)
GO TO 570

5bO _RITE(102,611b)
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b11b FORMAT(/t'ENTER BACKGROUND STAR EFFECTIVE TEMPERATURE(KELVIN)')
READ(IOt,QOOO)ST2
CALL PHOI(ST2,HCOK,DLA,HC,XINT)
XIMLV=XIMV,XINT

570 WRITE(lO2,B120)
b120 FORMAT(/e'ENTER X,Y COORDINATES OF BACKGROUND STAR(ARC SECONDS)*)

READ(JOIs_OOO)BSX,BSY
DX=BSX-XMAX
DY=BSY'YMAX
DOO=BSX*BSX+BSY*B$Y
OXO=DX*DX+BSY*BSY
DXY=DX*D×+DY*DY
DOY=BSX*BSXeDY*DY
DMAX=O,
DMIN=IO000,
IF(DOO,GT,DMAX)DMAX=DO0
IF(DXO,GT,DMAX)D_AX=DXO
IF(DXY.GT,DMAX)DMAX=DXY
IF(DOY,GT.DMAX)D_AX=DOY
IF(DOO.LT.DMIN)DPIN=DO0
IF(DXO.LT.DMIN)DPIN=DXO
IF(DXY.LT.DMIN)DMIN=DXY
IF(DOY.LT.DMIN)DPlN=DOY
DMAX=SQRT(DMAX)
DMIN=SQRT(DMIN)
IF(DX,GT.O..)GO TO 580
IF(DY,GT.O.)GO TO 600
DMIN=O,
GO TO 610

580 IF(DY.GT.O.)GO TO blO
DMIN=DX
GO TO btO

bOO IF(DX,GT,O,)GO TO blO
DMINmDY

btO RMAX=DNAX-DMIN
DRZ=RMAX*DP*PI/(Jqg.*b_8000.)
DRR=RMAX/lqq,
ZR=DMIN*DP*PI/bQSOOO,'DRZ
CALL BES(N_AVrDRZtZReDNUtEFtMNS,_AVLrDL)

C ***** INTEGRATE OVER WAVELENGTH ******************************
IF(NWAV.GT.I)GO TO b30
PROD=QUEF(1)*FF(I)*XIMLV*PI*DP*DP/_,
DO 020 IR=Ir200
IF(KRESP.EQ.I)GO TO b15
$1GNL(IR)=PROD*PR(IR,I)/WAVL
GO TO b20

b15 YmHCOK/(_AVL,ST2)
$IGNL(IR)=PROD*PR(IR_I)/((EXP(Y)-I,),WAVL**b)

020 CONTINUE
GO TO bTO

b30 MWAV=N_AV-t
FAC=XIMLV*PI*DP*DP*DL/_,
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DO bbO IR=le200
_AV=WAVL
PROD=QUEF(1)*FF(1)*PR(IR,I)
IF(KRESP.EQ.I)GO TO.b31
SUM=PROD/_AV
GO TO 632

631 Y=HCOK/(WAV*ST2)
SUM=PROD/((EXP(Y)-I.)*_AV**6)

b32 IF(N_AV.EQ,2)GO TO b50
DO b40 JW=2eM_AV
WAV=WAV+DL
PROD=QUEF(JW)*FF(j_)
IF(PROD,LT.I,E-q)GO TO 640
IF(KRESP.EQ.I)GO TO 636
SUM=SUM+PROD,PR(IR,jW)/WAV
.GO TO 6_0

63b Y=HCOK/(_AV*ST2)
SUM=SUMePROD,PR(IR_jW)/((EXP(Y)-I.),WAV**b)

b40 CONTINUE
b50 WAV:_AVeDL

PROD:QUEF(NWAV)*FF(NWAV)*PR(IR,NmAV)
IF(KRESP.EQ.I)GO TO b55
SUM=SUM.PROD/WAV
GO TO 65b

bSS Y=HCOK/(WAV*ST2)
SUM=SUM.PROD/((EXP(Y)-I,),_AV**6)

b5b SIGNL(IR)=SUM*FAC
bbO CONTINUE

C ***** INTEGRATE SIGNAL OVER PEL *******************************
b70 DP×=XPW/20,

DPY=YPW/20,
DO 690 IX=I,NX
DO 690 IY=I,NY
PELB(IX,IY)=O,
XI=IX-1
Y!=IY-I
XX=-DPX/2,+XI*XPD
SUM=O,
DO b80 IDX:I,20
YY:-DPY/2,+YI*YPD
XX:XX.DPX
DO 680 IDY=I,20
YY:YY.DPY
DIF:(BSX-XX)**2.(BSY-YY)**2
DST=SQRT(DIF)-DMIN
FRAC=DST/DRR
NUM=FRAC
IF((NUM,GE,Iqq),OR.(NUM,LT.O))GO TO agO
XNUM:NUM
FRAC:FRAC-XNUM
FAC=I,
IF((IDY,EQ.I).OR,(IDY.EO,20))FAC:O,5
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IF((IDX.EQ,I).OR.(IDX.EQ.20))FAC=FAC,O.5
5UM=SUM+FAC*SIGNL(NUM+I).FAC*FRAC,(SIGNL(NUM+2)-SIGNL(NUM+I))

b80 CONTINUE

PELB(IX_IY)=$UM*ENMNS*PI*DPX,DPY*(PI,DP,FR/129bO00,)**2
6gO CONTINUE

C ***** CALCULATE DIFFRACTION EFFICIENCY ***********************
_AV=_AVL-DL
DO g50 NW=IrN_AV
WAV=_AV.DL
PROD=QUEF(NW)*FF(N_)
IF(PROD.LT.I.E-4)GO TO 950
DO 950 IX=I,NX
DO g50 IY=I,NY
XI=IX'!
YI=IY'I
XX=-DPX/2,.XI*XPD
BUM=O,
DFE(IXwlY)=O,
DO g30 IDX=I,20
YY='DPY/2.+YI*YPD
XX=XX+DPX
DO 930 IDY=Iw20
YY=YY.DPY
D8T=SQRT((BSX-XX)**2.(BSY-YY)**2)-DMIN
FRAC=DBT/DRR
NUM=FRAC
IF((NUM.GE,igq),OR,(NIJM,LT,O))GO TO q40
XNUM=NUM
FRAC=FRAC-XNUM
FAC=t,
IF((IDY.EQ.I).OR.(IDY.EQ.20))FAC=O.5
IF((IDX.EQ,I).OR.(IDX.EQ.20))FAC=FAC*O,5
8UM=$UM+FAC*(PR(NUM.IrNW)+FRAC*(PR(NUM.2,NW)-PR(NUM.IeN_)))

930 CONTINUE
DFE(IXtIY)= BUM*ENMNS*PI*DPX*DPY*(PI*DP/(WAV*I2gbO00.))**2

9qO WRITE(tO2,7027)WAV,IX,IYpDFE(IXrIY)
7027 FORMAT('WAV='rEIS.8F" IX=',II," IY=',II," DIFE=',E15,8)
gSO CONTINUE
700 _RITE(t02,6124)

6124 FORMAT(/,'ENTER RM$ READOUT NOISE(ELECTRONS/PEL)')
READ(IOtwQOOO)RON
RN=RON*RON

_RITE(I02,6128)
6128 FORMAT(/r'ENTER DETECTOR TEMPERATURE(KELVIN)')

READ(IOIr4OOO)DTEM
IF(DTEM.LT,Q.)GO TO 710
FAC=-b705.Q87/DTEM+q. O737*DTEM/(1108,.DTEM)
FAC=EXP(FAC)*(29,3E+g)
DC=FAC*DTEM**t,5
GO TO 720

710 WRITE(t02,6132)
6132 FORMAT(/,'ENTER MEAN DARK CURRENT(ELECTRONS/PEL/SEC)')
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READ(IOI,4OOO)DC
720 _RITE(I02,6136)

6136 FORMAT(/r'ENTER OBSERVATION 8TAR_, AND END TINES(SECONDS)')
READ(IOI,4OOO)STRT,ENDT
_RITE(I02,6140)

6140 FORMAT(/r'ENTER NUMBER(>I) OF TIME CALCULATIONS')
READ(IOI,4OOO)NT
X=NT-I
DT=(ENDT-STRT)/X
WRITE(10216144)

6144 FORMAT(/e'ENTER START AND END SIGNAL TO NOISE RATIOS(S/N)')
READ(IOI,4OOO)SNST,_SNND
WRITE(I02,6148)

6148 FORMAT(/,'ENTER NUMBER(>t) OF (S/N) CALCULATIONS')
READ(tOle4OOO)NS
Y=NS-t
DNS=(SNND-SNST)/Y
_RITE(IO2r6077)
READ(IOte4OOO)DUMMY

725 WRITE(IO2weI52)DP
6152 FORMAT(/,'TELESCOPE ENTRANCE PUPIL DIAMETER ",F7.3," CH')

_RITE(!O2,blSb)FR
6156 FORMAT('OPTICAL SYSTEM FOCAL RATIO "wFS,2)

_RITE(102,6160)
bI60FORMAT(/_'SOURCE STAR CHARACTERISTICS')

_RITE(102,blb4)X81
6164 FORMAT(5X,'BOURCE MAGNITUDE ",F5,2)

IF(KREBP,EQ,O)GO TO 726
_RITE(!O2,b168)STt

61.68 FORMAT(,SX,'SOURCE TEMPERATURE(KELVIN) *,F9.3)
726 _RITE(I0266172)

6172 FORMAT(/e'COSMIC BACKGROUND CHARACTERISTICS')
_RITE(IO2e,617b)XMB

6176 FORMAT(SX,'COSMIC BACKGROUNDMAGNITUDE ",F5.2)
IF(KRESP,EQ,O)GO TO 727
WRITE(IO2ebIBO)BEFT

6180 FORMAT(SX,_COSMIC BACKGROUND TEMPERATURE(KELVIN) "eF9,3)
727 IF(IRESP.NE.I)GO TO 730

WRITE(t02,6184)
6184 FORMAT(Ie'BACKGROUND STAR CHARACTERISTICS')

WRITE(tQ2,6188}XVM
6!88 FORMAT(SXr'BACKGROUND STAR MAGNITUDE "rFS.2)

_RITE(tO266192)ST2
6192 FORMAT(SX,'BACKGROUND STAR TEMPERATURE(KELVIN) ",F9,3)

730 _RITE(102,6196)
6196 FORMAT(/e'SYSTEM SPECTRAL CHARACTERISTICS')

WRITE(102eb200)
6200 FORMAT(_Xt'_AVELENGTH(C_)'eSXefQUAN,EFFIC.'F3Xr'FILTER FUNCTION')

_AVz_AVL
DO 740 I=IeNWAV
PROD=QUEF(1)*FF(1)
IF(PROD,LT.I,E-4)GO TO 7_9
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_RITE(IO2,b2OQ)WAV,QUEF(1),FF(1)
6204 FORMAT(3(bX,EIt.Q))
73q WAV=WAV*DL
740 CONTINUE

_RITE(102_6208)
6208 FORHAT(/eWDETECTOR CHARACTERISTICS')

BRITE(102,b212]XPW,YP_
6212 FORMAT(SX,_PEL DIMENSIONS(ARC SECONDB):X=',FS,Q, ° Y=',FB,Q)

WRITE(102,b21b)XPD,YPD
6216 FORMAT(SXw'PEL CENTER SEPARATION(ARC 5ECONDS):X='tFB.q," Y='_

&F8,4)
WRITE(lO2rb220)PSX,PSY

6220 FORMAT(SXe'$OURCE STAR COORDINATES(ARC SECONDS)IX='eFB.qr" Y=',
&F8,4)
IF(IRESP.NE.I)GO TO 750
WRITE(102,b22q)BBX,BSY

6224 FORMAT(SXr'BACKGROUND STAR COORDINATES(ARC SECONDS)IX='pFS,_p
&" Y='tFS._)

750 _RITE(IO2,6228)NXeNY
6228 FORMAT(SXw'ARRAY 81ZE:X=°eI2, " BY Y='_I2)

_RITE(IO2,b2]2)RON
6232 FORMAT(SXp'RM$ READOUT NOISE(ELECTRONS/PEL):°,FS.2)

IF(DTEM,LT.4.)GO TO 7b0
_RITE(IO2r6236)DTEM

6236 FORMAT(SXr'DETECTOR TE_PERATURE(KELVIN)='rF8._)
760 _RITE(IO2wb2QO)DC

6240 FORMAT(SXw'DARK CURRENT(ELECTRONS/PEL/SECOND]:',EIS.8)
WRITE(IO2rB2Q6)

6246 FORMAT(/r*$1GNAL TO NOISE RATIO AS A FUNCTION OF OBSERVATION p,
&' TIME m)
WRITE(t02,6250)

6250 FORNAT(FAND PEL NUMBER')
hRITE(IO2r625Q)

625_ FORMAT(QX,'TIME(SECONDS) ,_2Xr" (S/N) "r2X,'PEL NUMBER _)
DO 770 IX=I,NX
DO 770 IY:!rNY
T=STRT'DT
DO 770 IT=IrNT
T=T+DT
XNUM=PELS(IX,IY)*T
XDNOM=XNUM+BGRND*T+PELB(IXFIY),T.R_+DC,T
SNP=XNUM/SQRT(XDNO_)
_RITE(IO2,b256]T,SNP,IXplY

6256 FORMAT(SXrEI2,S,6XwEll,_,2X_213)
770 CONTINUE

_RITE(I02_6260)
b260 FORMAT(/,SX_'(S/N)'_X_" SECONDS "r2X,'PEL NUMBER')

DO 780 IX=I_NX
DO 780 IY=I,NY
SN=SN_T=DNS
DO 780 IB=I,NS
SN=SNeDNS

33



A=SN*SN/(PELS(IX,IY)**2)
B=A*(PEL$(IX,IY)+BGRND+PELB(!X,IY)+DC)*O,5
C=A*RON
TI=B.$QRI(B*B+C)
_RITE(IO2,B26_)SN,T1,IXwIY

6264 FORMAT(SX,FS.2,SX,E12.St2X,213)
780 CONTINUE

WRITE{I02,6268)
6268 FORMAT(/,'DO YOU WISH TO CHANGE SOURCE PAGNITUDE?(YES=t_NO=O)')

READ(IOlr_OOO)JRESP
IF(JRESP.EQ.O)GO TO BOO
_RITE(t02,6272)

6272 FORMAT(/w*ENTER NEW SOURCE MAGNITUDE')
READ(IOI,4OOO)XSM
XNEW=O.37353,tO.O**(-O.q*XSM)
XNE_=XNEWIXIMS
DO 790 IX=IrNX
DO 790 IY=I,NY

790 PELS(IXwIY)=PELS(IX,IY)*XNEW
800 _RITE(IO2o627b)

6276 FORMAT(/e_DO YOU WISH TO CHANGE COSMIC BACKGROUND MAGNITUDE?'_
&'(YE$=t_NO=O)')
READ(IOIr4OOO)JRESP
IF(JRESP,EQ.O)GO TO BtO
_RITE(I02_6280)

6280 FORMAT(/,¶ENTER NE_ COSMIC BACKGROUND MAGNITUDE')
READ(IOI,_OOO)XMB
XNE_=O.ST353*IO,O**(-O,Q*X_B)
XNEW=XNEW/XIMB
BGRND=BGRND*XNEW

810 _RITE(lO2t628_)
6284 FORMAT(/e'DO YOU _ISH TO CHANGE BACKGROUND STAR MAGNITUDE?',

&'(YES=IINO=O)')
.READ(IOIe4OOO)JRESP
IF(JRESP.EQ.O)_O TO 830
WRITE(IO2,6288)

6288 FORMAT(/e'ENTER NE_ BACKGROUND STAR MAGNITUDE')
READ(IOt,4OOO)XMV
XNE_=O.37353*tO.O**('O._*XPV)
XNE_XNEW/XIMV
DO 820 IX=t,NX
DO B@O IY=t,NY

820 PELB(IXrIY)=PELB(IX,IY)*XNEW
630 WRITE(102,6292)

6292 FORHAT(/w'DO YOU _ISH TO CHANGE DETECTOR EFFECTS?(YES=lrNO=O)')
READ(IO1,4OOO)JRESP
IF(jRESP.EQ.t)GO TO 700
_RITE(lO2_b296)

.629b FORMAT(/rWDID YOU MAKE ANY CHANGES?(YES=I_NO=O) ")
READ(IOIm4OOO)JRESP
IF(JRESP.EQ.1)GO TO 725

.STOP
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END
SUBROUTINE PHOI(TE_P,HCOKrDLA,HC,XINT)
IMPLICIT DOUBLE PRECISION(A-HtO-Z)
COMMON /PHOF/XK(40)
X=3.8E-5
Y=HCOK/(X*TEMP}
SUM=XK(t)/((EXP(Y)-].),X**5)
X=X+DLA
DO 10 IK=2,38
ICHEK=2*(IK/2)
FAC=2.
IF(IK.EO.ICHEK)FAC=4.
Y=HCOK/(X*TEMP)
8UM=SUM+FAC*XK(IK)/((EXP(Y)-I.)*X**5)
X=X+DLA

10 CQNTINUE
Y=HCOK/(X*TEMP)
$1JM:SUM+XK(3g)/((EXP(Y)-I,}*X**5}
XINT:3./(SUM*DLA*HC)
RETURN
SUBROUTINE BES(NWAVrDRZtZRrDNU,ENMNS,_AVLrDL)
IMPLICIT DOUBLE PRECISION(A-HrO-Z)
COMMON /BESF/FXO[_OO),PR(200,21),TTOT[400,21)FQUEF[21),FF(21)
TWOPI=8.283185307
WAV=WAVL-DL
DO 80 NW=ItNhAV
_AV=WAVeDL
DR:DRZ/WAV
Z:ZR/WAV
PROD=QUEF(NW)*FF(NW)
DO 80 IR=I,200
PR(IRrNW)=O.
Z=Z+DR
IF(PROD.GT.I.E-_)GO TO 5
GO TO 80

5 XNU=-DNU
DO 31 l:l,qO0
XNU=XNU+DNU
X=T_OPI*Z*XNU
IF(X,GT,O.)GO TO I0
BS:I.
GO TO 30

10 TF(X.GT._.}GO TO 20
X2=X/2,
X22:X2*X2
X24=X22*X22
X28=X2_*X22
X28=X2_*X24
BS=1.-X22+X2_/8.-X26/3b..X28/S78.-X28*X22/lqqO0.
BS=BS+X28,X2_/518QOO.-X2B*X26/25_01600.
GO TO 30

20 X2:X*X
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X3=X2*X
Xa=X3*X
X5=Xa*X
Xb=X5,X
P=I,-O,O703125/X2+O,112152/Xa-O,5725/X6
Q=-O,I@5/X+O,O732422/XS-O,227108/X5
BS=O,7978846/SQRT(X)
AQ=X-O,785]q82
BS=BS*(P*COS(AQ)-Q*SIN(AQ))

30 EXOII)=TTOT(IFN_)*BS*XNU
31 CONTINUE

A2=O,
A3=O,
A4=O,
DO _0 I=2_399w2
A2=A2.FXO(I)

_0 CONTINUE
DO 50 I=3s398,q
A3=A3+FXO(1)
AQ=AQ.FXO(I-2).FXO(I.2}

50 CONTINUE
SAS_DNU*(I.4*AQ+2._*A3.6,4*A2)/_.5
PR(IR,N_)=8.*SAS/ENHN$

bO CONTINUE
RETURN
END
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