5.9 WFS Pixel Scale
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In the following MathCAD document we show how the optical WFS pixel scale was determined. This calculation relies on some simulations performed by B/ Ellerbroek for us, showing the fraction of the total signal incident on a quad cell of a given size for a given seeing (and also for differing amounts of correction for atmospheric dispersion using a WFS ADC (see document of WFS ADC for more details). These numbers are used to calculate the Noise Equivalent Angle (the number needed to estimate the accuracy of the quad cell measurement of the tilt across any subaperture) as a function of pixel size. The results are summarised in a plot showing curves  for magnitudes of guide star from 10 to 19, with a clear leveling off after pixel sizes get bigger than 0.4 arcsec. It should be noted that one does not want to increase the pixel sizes too much, as then one will become more sensitive to moonlight, and high background in the optical.
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No magnitude tax for full AtmDC correction of SH spots

Illustrative magnitude to demonstrate the functions defined

on this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)
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[image: image4.wmf]Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

45 degrees zenith, median seeing, median windshake
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[image: image5.wmf]Effective Blur diameter vs. pixel size, with no AtmDC
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First some radiometric parameters, needed to calculate nominal Signal to noise ratio

photon

1

pix

.

0.25

arcsec

Pixel subtense

ZD

.

45

deg

Nsa

.

12

2

p

4

No. of subapertures

=

Nsa

113

Zeropt

.

.

4.38

10

10

photon

.

m

2

sec

Radiometric zero point

AtAten

.

0.150

sec

(

)

ZD

Atmospheric Attenuation, magnitudes/airmass

=

AtAten

0.212

h

opt

0.344

Efficiency of optics and detector

bkg

.

332

photon

.

.

m

2

sec

arcsec

2

Sky background

ns

rd

.

3

photon

Read noise

D

.

7.9

m

Diameter of telescope


[image: image6.wmf]SSBc

cspline

,

w

q

b

q

Bc

(

)

px

interp

,

,

,

SSBc

w

q

bc

px

SSEc

cspline

(

)

,

w

fract

N_4

c

(

)

px

interp

,

,

,

SSEc

w

fract

c

px

SSB

cspline

,

w

q

b

q

B

(

)

px

interp

,

,

,

SSB

w

q

b

px

SSE

cspline

(

)

,

w

fract

N_4

(

)

px

interp

(

)

,

,

,

SSE

w

fract

px

jj

..

0

75

ww

jj

.

(

)

0.25

.

jj

0.01

arcsec

Quad cell Fractional Energy vs. pixel size,  with no atmospheric dispersion compensator.
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Optimum WFS Pixel Scale

With  WFS atmospheric dispersion compensator, at ZD = 45 degrees.

small pixels see less sky background, but the atmospheric turbulence and refraction

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has calculated

both the fraction of light landing on various sized pixels, and the blurred diameter.

This worksheet, converts these curves into noise equivalent angle for 

various magnitudes.    The conclusion is that  pixels of 0.4 arcseconds are optimum.

What is the optimum pixel scale, vs. magnitude and Zenith Distance?
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Optimum WFS Pixel Scale

With  WFS atmospheric dispersion compensator, at ZD = 45 degrees.

small pixels see less sky background, but the atmospheric turbulence and refraction

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has calculated

both the fraction of light landing on various sized pixels, and the blurred diameter.

This worksheet, converts these curves into noise equivalent angle for 

various magnitudes.    The conclusion is that  pixels of 0.4 arcseconds are optimum.

What is the optimum pixel scale, vs. magnitude and Zenith Distance?
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Quad cell Fractional Energy vs. pixel size,  with no atmospheric dispersion compensator.
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[image: image10.wmf]Effective Blur diameter vs. pixel size, with no AtmDC
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First some radiometric parameters, needed to calculate nominal Signal to noise ratio
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[image: image11.wmf]Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997
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Sample rate is 10x spline fit through Brent's bandwidth data.
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Illustrative magnitude to demonstrate the functions defined

on this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)
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.MCAD 304020000 1 74 299 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0

Cg b73.000000,73.000000,534
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}

.TXT 28 9 111 0 0
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is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0
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cell Fractional Energy vs. pixel size,  with no atmospheric dispersion 

compensator.}}

.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 

.TXT 39 0 283 0 0

C x1,1,0,0

.TXT 3 6 45 0 0
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Effective Blur diameter vs. pixel size, with no AtmDC}}

.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 

.TXT 38 1 46 0 0
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0
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}}

.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0

Cg a52.000000,52.000000,19
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subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0

Cg a52.000000,52.000000,22
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Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0
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Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0
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Efficiency of optics and detector}}

.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0
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}}

.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0

Cg a52.000000,52.000000,10
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.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0
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Diameter of telescope}}

.TXT 1 -20 65 0 0
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.TXT 3 -1 66 0 0
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Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}

.TXT 6 28 67 0 0
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degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0
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rate is 10x spline fit through Brent's bandwidth data.}}

.TXT 3 -28 75 0 0

C x1,1,0,0

.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0
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.TXT 5 0 78 0 0
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Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0
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Example sample rate, to check spline fit on previous page}}

.TXT 7 29 82 0 0
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in a subaperture\par Photo Detection events}}

.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0

Cg a24.000000,24.000000,29

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky 

background, is negligible}}

.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.TXT 8 7 188 0 0
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.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 5 1 91 0 0
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to noise ratio}}

.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0
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equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 1 248 0 0
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Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 -36 298 0 0

C x1,1,0,0

.EQN 3 0 299 0 0

{0:tax}NAME:0�

.EQN 0 2 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0
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for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0
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NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0
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Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

��� 0 0

Cg


_936988077
8 4259 592 5046 300 0

.MCAD 304020000 1 74 299 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}

.TXT 28 9 111 0 0

Cg a64.000000,64.000000,67

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 What 

is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0
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cell Fractional Energy vs. pixel size,  with no atmospheric dispersion 

compensator.}}

.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 

.TXT 39 0 283 0 0

C x1,1,0,0

.TXT 3 6 45 0 0
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Effective Blur diameter vs. pixel size, with no AtmDC}}

.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 

.TXT 38 1 46 0 0
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0
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.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0
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subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0
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Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0
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Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0

Cg a52.000000,52.000000,33

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Efficiency of optics and detector}}

.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0
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.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0
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.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0

Cg a51.000000,51.000000,21
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Diameter of telescope}}

.TXT 1 -20 65 0 0

C x1,1,0,0

.TXT 3 -1 66 0 0

Cg a73.000000,73.000000,71
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2\b 

Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}

.TXT 6 28 67 0 0

Cg a45.000000,45.000000,50

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 45 

degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0

Cg a72.000000,72.000000,61

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sample 

rate is 10x spline fit through Brent's bandwidth data.}}

.TXT 3 -28 75 0 0

C x1,1,0,0

.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0

Cg a53.000000,53.000000,54
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magnitude tax for full AtmDC correction of SH spots}}

.TXT 5 0 78 0 0

Cg a53.000000,53.000000,198
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Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0

Cg a53.000000,53.000000,57

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{
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Example sample rate, to check spline fit on previous page}}

.TXT 7 29 82 0 0

Cg a23.000000,23.000000,46

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

in a subaperture\par Photo Detection events}}

.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0

Cg a24.000000,24.000000,29

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky 

background, is negligible}}

.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.TXT 8 7 188 0 0

Cg a24.000000,24.000000,5
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise}}

.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 5 1 91 0 0

Cg a24.000000,24.000000,21

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

to noise ratio}}

.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0

Cg a68.875000,68.875000,88

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise 

equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 1 248 0 0

Cg a37.000000,37.000000,50
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 -36 298 0 0

C x1,1,0,0

.EQN 3 0 299 0 0

{0:tax}NAME:0�

.EQN 0 2 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0

Cg a37.000000,37.000000,47
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for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0

Cg a73.000000,73.000000,128

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Since 

NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0

Cg b73.000000,73.000000,103

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

�iameter vs. 


_936987744
0 2155 579 2851 399 0

.MCAD 304020000 1 74 297 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0

Cg b73.000000,73.000000,534
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}

.TXT 28 9 111 0 0

Cg a64.000000,64.000000,67
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is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0

Cg a69.000000,69.000000,88
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cell Fractional Energy vs. pixel size,  with no atmospheric dispersion 

compensator.}}

.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 

.TXT 39 0 283 0 0

C x1,1,0,0

.TXT 3 6 45 0 0
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Effective Blur diameter vs. pixel size, with no AtmDC}}

.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 

.TXT 38 1 46 0 0
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0

Cg a52.000000,52.000000,14
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}}

.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0

Cg a52.000000,52.000000,19
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subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0

Cg a52.000000,52.000000,22
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Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0

Cg a51.000000,51.000000,43
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Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0

Cg a52.000000,52.000000,33
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Efficiency of optics and detector}}

.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0

Cg a52.000000,52.000000,14
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}}

.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0

Cg a52.000000,52.000000,10
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.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0

Cg a51.000000,51.000000,21
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Diameter of telescope}}

.TXT 1 -20 65 0 0

C x1,1,0,0

.TXT 3 -1 66 0 0

Cg a73.000000,73.000000,71
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Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}

.TXT 6 28 67 0 0

Cg a45.000000,45.000000,50
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degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0

Cg a72.000000,72.000000,61
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rate is 10x spline fit through Brent's bandwidth data.}}

.TXT 3 -28 75 0 0

C x1,1,0,0

.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0

Cg a53.000000,53.000000,54
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magnitude tax for full AtmDC correction of SH spots}}

.TXT 5 0 78 0 0

Cg a53.000000,53.000000,198
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Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0

Cg a53.000000,53.000000,57
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Example sample rate, to check spline fit on previous page}}

.TXT 7 29 82 0 0

Cg a23.000000,23.000000,46
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in a subaperture\par Photo Detection events}}

.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0

Cg a24.000000,24.000000,29

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky 

background, is negligible}}

.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.TXT 8 7 188 0 0

Cg a24.000000,24.000000,5

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise}}

.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 5 1 91 0 0

Cg a24.000000,24.000000,21
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to noise ratio}}

.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0

Cg a68.875000,68.875000,88
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equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 1 248 0 0

Cg a37.000000,37.000000,50
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Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 2 -36 284 0 0

C x1,1,0,0

.EQN 3 1 296 0 0

{0:tax}NAME:0�

.EQN 3 1 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0

Cg a37.000000,37.000000,47
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for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0

Cg a73.000000,73.000000,128
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Since 

NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0

Cg b73.000000,73.000000,103
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Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

�q.B}NAME(({0


_936987845
0 2891 592 3673 444 0

.MCAD 304020000 1 74 297 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}
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is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0
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.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 
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.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0
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.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0

Cg a52.000000,52.000000,19

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 No. of 

subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0
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Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0
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Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0
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.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0
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.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0
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.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0
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Diameter of telescope}}
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Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}
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degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0

Cg a72.000000,72.000000,61

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sample 
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.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0
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Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0
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.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0
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.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�
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.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�
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.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0
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equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�
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Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 2 -36 284 0 0

C x1,1,0,0

.EQN 3 1 296 0 0

{0:tax}NAME:0�

.EQN 3 1 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0
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for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0
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NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0
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Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

�l;\red0\gree


_936987493
8 842 606 1382 281 0

.MCAD 304020000 1 74 297 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0

Cg b73.000000,73.000000,534

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}

.TXT 28 9 111 0 0
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is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0
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cell Fractional Energy vs. pixel size,  with no atmospheric dispersion 

compensator.}}

.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 

.TXT 39 0 283 0 0

C x1,1,0,0

.TXT 3 6 45 0 0
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Effective Blur diameter vs. pixel size, with no AtmDC}}

.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 

.TXT 38 1 46 0 0
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0
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}}

.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0
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subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0
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Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0
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Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0
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Efficiency of optics and detector}}

.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0
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.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0
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.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0
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Diameter of telescope}}

.TXT 1 -20 65 0 0
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Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}

.TXT 6 28 67 0 0
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degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0
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rate is 10x spline fit through Brent's bandwidth data.}}

.TXT 3 -28 75 0 0
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.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0
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magnitude tax for full AtmDC correction of SH spots}}

.TXT 5 0 78 0 0

Cg a53.000000,53.000000,198
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Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0

Cg a53.000000,53.000000,57
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Example sample rate, to check spline fit on previous page}}

.TXT 7 29 82 0 0

Cg a23.000000,23.000000,46

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

in a subaperture\par Photo Detection events}}

.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0

Cg a24.000000,24.000000,29
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky 

background, is negligible}}

.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.TXT 8 7 188 0 0

Cg a24.000000,24.000000,5
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise}}

.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 5 1 91 0 0

Cg a24.000000,24.000000,21
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

to noise ratio}}

.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0

Cg a68.875000,68.875000,88
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise 

equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 1 248 0 0

Cg a37.000000,37.000000,50
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Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 2 -36 284 0 0

C x1,1,0,0

.EQN 3 1 296 0 0

{0:tax}NAME:0�

.EQN 3 1 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0

Cg a37.000000,37.000000,47
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for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0

Cg a73.000000,73.000000,128

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Since 

NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0

Cg b73.000000,73.000000,103
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Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

��
.EQN 4 -53 


_936987637
0 1427 599 2140 383 0

.MCAD 304020000 1 74 297 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 

spills light outside small pixels.  Brent Ellerbroek, email Jun 2, has 

calculated\par both the fraction of light landing on various sized 

pixels, and the blurred diameter.\par \par This worksheet, converts 

these curves into noise equivalent angle for \par various magnitudes.    

The conclusion is that  pixels of 0.4 arcseconds are optimum.}}

.TXT 28 9 111 0 0
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is the optimum pixel scale, vs. magnitude and Zenith Distance?}}

.EQN 7 -8 3 0 0

{0:ee}NAME:{0:READPRN}NAME({0:brntjuee.txt}NAME)�

.EQN 0 30 4 0 0

{0:tb}NAME:{0:READPRN}NAME({0:brntjutb.txt}NAME)�

.EQN 19 -28 10 0 0

{0:ee}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 0 24 9 0 0

{0:tb}NAME={0 0 0 4 15 42 42}?_n_u_l_l_�

.EQN 36 -27 19 0 0

{0:arcsec}NAME:({0:\p}NAME)/(180*60*60)�

.EQN 0 19 22 0 0

{0:radian}NAME:1�

.EQN 0 13 30 0 0

{0:\mrad}NAME:(10)^(-6)*{0:radian}NAME�

.EQN 5 -32 155 0 0

{0:w}NAME:({0:ee}NAME){52}�(0)*{0:\mrad}NAME�

.EQN 0 24 156 0 0

{0:fract.c}NAME:({0:ee}NAME){52}�(3)�

.EQN 0 16 157 0 0

{0:\q.bc}NAME:({0:tb}NAME){52}�(3)*{0:\mrad}NAME�

.EQN 0 15 158 0 0

{0:i}NAME:0;{0:last}NAME({0:w}NAME)�

.EQN 4 -32 160 0 0

{0:fract}NAME:({0:ee}NAME){52}�(1)�

.EQN 0 16 161 0 0

{0:\q.b}NAME:({0:tb}NAME){52}�(1)*{0:\mrad}NAME�

.EQN 6 -36 166 0 0

{0:SSBc}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 167 0 0

{0:\q.Bc}NAME({0:px}NAME):{0:interp}NAME({0:SSBc}NAME,{0:w}NAME,{0:\q.bc}NAME,{0:px}NAME)�

.EQN 4 -30 168 0 0

{0:SSEc}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 169 0 0

{0:N_4.c}NAME({0:px}NAME):{0:interp}NAME({0:SSEc}NAME,{0:w}NAME,{0:fract.c}NAME,{0:px}NAME)�

.EQN 9 -30 162 0 0

{0:SSB}NAME:{0:cspline}NAME({0:w}NAME,{0:\q.b}NAME)�

.EQN 0 30 163 0 0

{0:\q.B}NAME({0:px}NAME):{0:interp}NAME({0:SSB}NAME,{0:w}NAME,{0:\q.b}NAME,{0:px}NAME)�

.EQN 4 -30 164 0 0

{0:SSE}NAME:{0:cspline}NAME({0:w}NAME,{0:fract}NAME)�

.EQN 0 30 165 0 0

{0:N_4}NAME({0:px}NAME):{0:interp}NAME({0:SSE}NAME,{0:w}NAME,{0:fract}NAME,{0:px}NAME)�

.EQN 4 0 174 0 0

{0:jj}NAME:0;75�

.EQN 3 0 175 0 0

({0:ww}NAME)[({0:jj}NAME):(0.25+{0:jj}NAME*0.01)*{0:arcsec}NAME�

.TXT 5 -29 170 0 0
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cell Fractional Energy vs. pixel size,  with no atmospheric dispersion 

compensator.}}

.EQN 2 -4 171 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:N_4.c}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:N_4}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 2 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 62 26 10 0 3 

.TXT 39 0 283 0 0

C x1,1,0,0

.TXT 3 6 45 0 0
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Effective Blur diameter vs. pixel size, with no AtmDC}}

.EQN 4 -6 43 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:\q.Bc}NAME(({0:ww}NAME)[({0:jj}NAME)),{0:\q.B}NAME(({0:ww}NAME)[({0:jj}NAME))@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 3 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 61 21 10 0 3 

.TXT 38 1 46 0 0
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some radiometric parameters, needed to calculate nominal Signal to 

noise ratio}}

.EQN 3 51 105 0 0

{0:photon}NAME:1�

.EQN 1 -53 47 0 0

{0:pix}NAME:0.25*{0:arcsec}NAME�

.TXT 0 21 48 0 0

Cg a52.000000,52.000000,14

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Pixel subtense

}}

.EQN 2 32 106 0 0

{0:ZD}NAME:45*{0:deg}NAME�

.EQN 4 -53 49 0 0

{0:Nsa}NAME:(12)^(2)*({0:\p}NAME)/(4)�

.TXT 0 21 50 0 0

Cg a52.000000,52.000000,19

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 No. of 

subapertures}}

.EQN 0 36 51 0 0

{0:Nsa}NAME={18992}?_n_u_l_l_�

.EQN 5 -57 52 0 0

{0:Zeropt}NAME:4.38*(10)^(10)*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME)�

.TXT 0 21 53 0 0

Cg a52.000000,52.000000,22

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Radiometric zero point}}

.EQN 6 -21 54 0 0

{0:AtAten}NAME:0.150*{0:sec}NAME({0:ZD}NAME)�

.TXT 0 21 55 0 0

Cg a51.000000,51.000000,43

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Atmospheric Attenuation, magnitudes/airmass}}

.EQN 0 35 56 0 0

{0:AtAten}NAME={0}?_n_u_l_l_�

.EQN 5 -56 57 0 0

{0:\h.opt}NAME:0.344�

.TXT 0 21 58 0 0

Cg a52.000000,52.000000,33

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Efficiency of optics and detector}}

.EQN 6 -21 59 0 0

{0:bkg}NAME:332*({0:photon}NAME)/(({0:m}NAME)^(2)*{0:sec}NAME*({0:arcsec}NAME)^(2))�

.TXT 1 21 60 0 0

Cg a52.000000,52.000000,14

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky background

}}

.EQN 6 -21 61 0 0

{0:ns.rd}NAME:3*{0:photon}NAME�

.TXT 0 21 62 0 0

Cg a52.000000,52.000000,10

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Read noise}}

.EQN 6 -21 63 0 0

{0:D}NAME:7.9*{0:m}NAME�

.TXT 0 21 64 0 0

Cg a51.000000,51.000000,21

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Diameter of telescope}}

.TXT 1 -20 65 0 0

C x1,1,0,0

.TXT 3 -1 66 0 0

Cg a73.000000,73.000000,71
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Optimum Sample rate as a function of magnitude, from BE, Apr. 8, 1997

\par \par }}

.TXT 6 28 67 0 0

Cg a45.000000,45.000000,50

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 45 

degrees zenith, median seeing, median windshake}}

.EQN 4 -5 68 0 0

{0:ii}NAME:0;25�

.EQN 4 -1 69 0 0

({0:Rmag}NAME)[({0:ii}NAME):10+0.4*{0:ii}NAME�

.EQN 27 -22 70 0 0

{0:BWid}NAME:({26,1}ö1.589ö2.089ö2.795ö3.577ö4.659ö5.872ö7.364ö9.164ö11.347ö13.779ö16.894ö20.637ö24.751ö30.399ö36.293ö41.756ö47.613ö54.876ö65.0535ö80.123ö100ö100ö100ö100ö100ö100)�

.EQN 0 13 71 0 0

150&&(_n_u_l_l_&_n_u_l_l_)&({0:BWid}NAME)[({0:ii}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:Rmag}NAME)[({0:ii}NAME)�

0 0 1 1 0 10 0 1 1 

0 0 1 1 0 3 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 48 24 10 0 3 

.EQN 41 -13 72 0 0

{0:SS}NAME:{0:cspline}NAME({0:Rmag}NAME,{0:BWid}NAME)�

.EQN 0 30 73 0 0

{0:rate}NAME({0:mag}NAME):10*{0:interp}NAME({0:SS}NAME,{0:Rmag}NAME,{0:BWid}NAME,{0:mag}NAME)*{0:Hz}NAME�

.TXT 3 -1 74 0 0

Cg a72.000000,72.000000,61

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{
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rate is 10x spline fit through Brent's bandwidth data.}}

.TXT 3 -28 75 0 0

C x1,1,0,0

.EQN 4 -1 76 0 0

{0:tx}NAME:0�

.TXT 0 19 77 0 0

Cg a53.000000,53.000000,54

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 No 

magnitude tax for full AtmDC correction of SH spots}}

.TXT 5 0 78 0 0

Cg a53.000000,53.000000,198
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Illustrative magnitude to demonstrate the functions defined\par on 

this page.  Choose Operating magnitude to give half peak strehl in H 

with broad band sensing, and full AtmDC  (see calculations below.)}}

.EQN 3 -19 79 0 0

{0:Mag}NAME:15.6�

.EQN 7 0 80 0 0

{0:rate}NAME({0:Mag}NAME)={0}?{0:Hz}NAME�

.TXT 0 20 81 0 0

Cg a53.000000,53.000000,57

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{
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Example sample rate, to check spline fit on previous page}}

.TXT 7 29 82 0 0

Cg a23.000000,23.000000,46

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

in a subaperture\par Photo Detection events}}

.EQN 4 -49 83 0 0

{0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):(((({0:NN}NAME){72}�({0:N_4}NAME({0:pix}NAME))){73}�({0:adc}NAME)){71}�({78}�(({0:NN}NAME){72}�({0:N_4.c}NAME({0:pix}NAME))))){71}�((({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:Zeropt}NAME*

{0:\h.opt}NAME)/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME+{0:mag}NAME-{0:tx}NAME)/(-2.5)))*{0:NN}NAME)�

.EQN 1 50 198 0 0

{0:NOADC}NAME:0�

.EQN 0 13 194 0 0

{0:ADC}NAME:1�

.EQN 5 -13 195 0 0

{0:signal}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.TXT 13 -1 196 0 0

Cg a24.000000,24.000000,29

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Sky 

background, is negligible}}

.EQN 3 -48 183 0 0

{0:sky}NAME({0:mag}NAME,{0:pix}NAME):(({0:\p}NAME)/(4)*({0:D}NAME)^(2)*{0:bkg}NAME*{0:\h.opt}NAME*({0:pix}NAME)^(2))/({0:rate}NAME({0:mag}NAME)*{0:Nsa}NAME)*(10)^((({0:AtAten}NAME)/(-2.5)))�

.EQN 0 50 190 0 0

{0:sky}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.TXT 8 7 188 0 0

Cg a24.000000,24.000000,5

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise}}

.EQN 2 -58 89 0 0

{0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):\({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME)+4*({0:ns.rd}NAME)^(2)+4*{0:sky}NAME({0:mag}NAME,{0:pix}NAME))�

.EQN 3 50 210 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 3 -2 212 0 0

{0:noise}NAME({0:Mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 5 1 91 0 0

Cg a24.000000,24.000000,21

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Signal 

to noise ratio}}

.EQN 2 -49 92 0 0

{0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME):({0:signal}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))/({0:noise}NAME({0:mag}NAME,{0:pix}NAME,{0:tx}NAME,{0:adc}NAME))�

.EQN 1 49 93 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:ADC}NAME)={0}?_n_u_l_l_�

.EQN 4 -1 204 0 0

{0:SNR}NAME({0:Mag}NAME,{0:pix}NAME,0,{0:NOADC}NAME)={0}?_n_u_l_l_�

.TXT 4 -47 251 0 0

Cg a68.875000,68.875000,88

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Noise 

equivalent angle, is spot size divided by SNR.   No colour hence no 

magnitude tax.}}

.EQN 3 35 246 0 0

{0:NOTAX}NAME:0�

.EQN 0 12 249 0 0

{0:TAX}NAME:0.7�

.EQN 3 -47 234 0 0

{0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.B}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:ADC}NAME))�

.EQN 0 35 241 0 0

{0:s.\q}NAME({0:Mag}NAME,{0:pix}NAME,{0:NOTAX}NAME)={0}?{0:arcsec}NAME�

.TXT 5 1 248 0 0

Cg a37.000000,37.000000,50
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\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 

Coloured noise equivalent angle, (NEA) single axis}}

.EQN 3 -36 237 0 0

{0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME):({0:\q.Bc}NAME({0:pix}NAME))/({0:SNR}NAME({0:mag}NAME,{0:pix}NAME,{0:tax}NAME,{0:NOADC}NAME))�

.EQN 1 36 238 0 0

{0:s.\qc}NAME({0:Mag}NAME,{0:pix}NAME,{0:TAX}NAME)={0}?{0:arcsec}NAME�

.TXT 2 -36 284 0 0

C x1,1,0,0

.EQN 3 1 296 0 0

{0:tax}NAME:0�

.EQN 3 1 286 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:s.\q}NAME(10,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(11,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(12,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(14,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),

{0:s.\q}NAME(15,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(16,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(17,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(18,({0:ww}NAME)[({0:jj}NAME),{0:tax}NAME),{0:s.\q}NAME(19,({0:ww}NAME)[(

{0:jj}NAME),{0:tax}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&(({0:ww}NAME)[({0:jj}NAME))/({0:arcsec}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 56 41 10 0 3 

.TXT 66 -2 285 0 0

C x1,1,0,0

.EQN 2 0 213 0 0

{0:tx.blur}NAME:0.5�

.TXT 0 36 214 0 0

Cg a37.000000,37.000000,47

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Guess 

for numerical solution of "Given .. Find"}}

.TXT 4 -36 250 0 0

Cg a73.000000,73.000000,128

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{

\fonttbl{\f0\fcharset0\fnil Arial;}}\plain\cf1\fs20 \pard {\cf2 Since 

NEA in X and Y add in quadrature, total variance for a coloured spot

\par should be twice single axis variance of a white spot.}}

.EQN 5 0 261 0 0

{0:Given}NAME�

.EQN 4 0 224 0 0

2*({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:NOTAX}NAME))^(2)÷({0:s.\qc}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)+({0:s.\q}NAME({0:mag}NAME,{0:pix}NAME,{0:tx.blur}NAME))^(2)�

.EQN 6 0 247 0 0

{0:Mag_Tax}NAME({0:mag}NAME,{0:pix}NAME):{0:Find}NAME({0:tx.blur}NAME)�

.EQN 8 0 260 0 0

{0:pix}NAME={0}?{0:arcsec}NAME�

.EQN 3 0 253 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 266 0 0

{0:pix}NAME:0.5*{0:arcsec}NAME�

.EQN 4 0 267 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 6 0 270 0 0

{0:pix}NAME:1*{0:arcsec}NAME�

.EQN 1 32 275 0 0

({0:mv}NAME)[({0:i}NAME):10+{0:i}NAME*0.6�

.EQN 3 -32 271 0 0

{0:Mag_Tax}NAME({0:Mag}NAME,{0:pix}NAME)={0}?_n_u_l_l_�

.EQN 0 32 276 0 0

{0:max}NAME({0:mv}NAME)={0}?_n_u_l_l_�

.TXT 8 -32 281 0 0

Cg b73.000000,73.000000,103

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue255;}{
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Magnitude Tax for NO ADC, for two pixel scales,  (0.25 arcsec solid 

line,)    (0.5 arcsec  dashed line)}}

.EQN 1 0 282 0 0

&&(_n_u_l_l_&_n_u_l_l_)&{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.25*{0:arcsec}NAME),{0:Mag_Tax}NAME(({0:mv}NAME)[({0:i}NAME),0.5*{0:arcsec}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&({0:mv}NAME)[({0:i}NAME)�

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 50 31 10 0 3 

�:(12)^(2)*({


_936987364
8 3 592 817 456 0

.MCAD 304020000 1 74 297 0

.CMD PLOTFORMAT

0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 1 1 

0 1 0 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 0 0 3 

.CMD FORMAT  rd=d ct=10 im=i et=3 zt=15 pr=3 mass length time charge temperature tr=0 vm=0

.CMD SET ORIGIN 0

.CMD SET TOL 0.001000000000000

.CMD SET PRNCOLWIDTH 8

.CMD SET PRNPRECISION 4

.CMD PRINT_SETUP 1.200000 1.218750 1.200000 1.200000 1

.CMD HEADER_FOOTER 1 1 *empty* *empty* *empty* 0 1 *empty* *empty* *empty*

.CMD HEADER_FOOTER_FONT fontID=14 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD HEADER_FOOTER_FONT fontID=15 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFAULT_TEXT_PARPROPS 0 0 0

.CMD DEFINE_FONTSTYLE_NAME fontID=0 name=Variables

.CMD DEFINE_FONTSTYLE_NAME fontID=1 name=Constants

.CMD DEFINE_FONTSTYLE_NAME fontID=2 name=Text

.CMD DEFINE_FONTSTYLE_NAME fontID=4 name=User^1

.CMD DEFINE_FONTSTYLE_NAME fontID=5 name=User^2

.CMD DEFINE_FONTSTYLE_NAME fontID=6 name=User^3

.CMD DEFINE_FONTSTYLE_NAME fontID=7 name=User^4

.CMD DEFINE_FONTSTYLE_NAME fontID=8 name=User^5

.CMD DEFINE_FONTSTYLE_NAME fontID=9 name=User^6

.CMD DEFINE_FONTSTYLE_NAME fontID=10 name=User^7

.CMD DEFINE_FONTSTYLE fontID=0 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=1 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=2 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=4 family=Arial points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=5 family=Courier^New points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=6 family=System points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=7 family=Script points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=8 family=Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=9 family=Modern points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD DEFINE_FONTSTYLE fontID=10 family=Times^New^Roman points=10 bold=0 italic=0 underline=0 colrid=-1

.CMD UNITS U=1

.CMD DIMENSIONS_ANALYSIS 0 0

.CMD COLORTAB_ENTRY 0 0 0

.CMD COLORTAB_ENTRY 128 0 0

.CMD COLORTAB_ENTRY 0 128 0

.CMD COLORTAB_ENTRY 128 128 0

.CMD COLORTAB_ENTRY 0 0 128

.CMD COLORTAB_ENTRY 128 0 128

.CMD COLORTAB_ENTRY 0 128 128

.CMD COLORTAB_ENTRY 128 128 128

.CMD COLORTAB_ENTRY 192 192 192

.CMD COLORTAB_ENTRY 255 0 0

.CMD COLORTAB_ENTRY 0 255 0

.CMD COLORTAB_ENTRY 255 255 0

.CMD COLORTAB_ENTRY 0 0 255

.CMD COLORTAB_ENTRY 255 0 255

.CMD COLORTAB_ENTRY 0 255 255

.CMD COLORTAB_ENTRY 255 255 255

.TXT 2 1 146 0 0

Cg b73.000000,73.000000,534
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brntjun3.mcd\tab \tab \tab \tab \tab \tab \tab 97.06.04 GH\par \par 

\tab \tab Optimum WFS Pixel Scale\par \par With  WFS atmospheric 

dispersion compensator, at ZD = 45 degrees.\par \par small pixels see 

less sky background, but the atmospheric turbulence and refraction\par 
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