(* Photon Flux Estimate at the Top of the Atmosphere and
Limiting V Magnitudes using CCD Detector for Main Sequence
Stars *)

ni= m=1;
um=10"°%m
nm=10"° m
pJ = 107?;
arcsec = N[1 /2062657;
<< Physi cal Constants®
h = Pl anckConst ant [[1]]
k = Bol t zmannConst ant [[1]]
c = SpeedOf Li ght [[1]1]

ouf7= 6. 62607 x 1034

outgl= 1. 38065 x 1023
oue= 299792 458

(x Spectral Radiance of a Black Body (emissivity e=1): %)
2 hc?

* (Bel3is]-1)

mpop= L[A_, T_]:=

1= Pl ot [L[A, 3500], {A, 100 nm 3000 nm},
Pl ot Label - Styl e["Bl ack Body Spectral Radi ance", FontSize » 12, Font Wi ght - "Bol d"1,
FrameLabel - {"wavel ength[m]",
"\'1\ (\ xFractionBox [\ (W), \ (\*SuperscriptBox[\ (mh), \(\ 3\)\ (\)\)] ster\)J\)"},
Pl ot Range -» Al | , Franme - True, Axes - None]
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Angular Diameter(Barnes & Evans)

s Fy —(V-R)yCalibration

ni2)- VMRL = Table[-0.2 + (i -1) 0.02, {i, 1, 50}];
Fv = {4.275, 4.234, 4.198, 4.162, 4.129, 4.098, 4.071, 4.048, 4.024, 4.005, 3.983, 3.971, 3.96!
FVR1 = Table[{VmR1[i], FV[[i]]}, {i, 1, 50}];
VMR2 = Table[0.8+ (i -1) 0.02, {i, 1, 161}];
FVR2 = Table[{VmR2[[i]], 3.841-0.321 VmR2[i]}, {i, 1, 161}];
FVR = Join[FVR1, FVR2];

ner= LFVVR = Li st Pl ot [FVR, Frane -» True, Axes -» None, GridLines » Automatic, FraneLabel -» {Style["
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mpor= Te = {26500, 24500, 21500, 18000, 15500, 13800, 12900, 12200, 11300,
10600, 9850, 9120, 8260, 7880, 7030, 6700, 6400, 6000, 5900, 5770, 5660,
5440, 5240, 4960, 4400, 4000, 3750, 3600, 3400, 3300, 3200, 3100, 2950};
VR = {-0.13, -0.12, -0.11, -0.1, -0.08, -0.06, -0.06, -0.04, -0.02, 0.0,
0.02, 0.08, 0.16, 0.19, 0.30, 0.35, 0.40, 0.47, 0.50, 0.53, 0.54, 0.58,
0.64, 0.74, 0.99, 1.15, 1.28, 1.40, 1.50, 1.60, 1.70, 1.80, 1.93};
VRT = Tabl e[{Te[[i 1], VAR[[i 11}, {i, 1, Length[Te]l}];

2= LVRT = Li st Pl ot [VRT, Frame -» True, Axes -» None, Gri dLi nes -» Autonatic, FraneLabel -» {Style["\!
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fvr = Interpolation[FVR];
vrt = Interpolation[VRT];

Power At TheTopOf TheAt nosphere[T_, V_, A_]: =

il Mu8510410A(&441—2ferrtﬂj]-O.2V)VLJA,T]*lvguwyﬁ/mm)
4

Teff = {26500, 13800, 9850, 7030, 5900, 5240, 3750}; (B0, B5, A0, FO, G0, KO, MD+)

PLI RR = Pl ot [Eval uat e[
Tabl e[Log[10, Power At TheTopOF TheAt nosphere[Teff[[i 1, 0, Anm]], {i, 1, Length[Teff1}11,
{2, 300, 1000}, Pl ot Range -» Al'l, Frame -» True, Axes - None,
GidLines » Automatic, PlotStyle - Absol ut eThi ckness[2],
FrameLabel - {Style["wavel ength [nm]", FontSize -» 16, Font Wi ght -» "Bol d"],
Style["Log[W\ 1\ (\ xSuperscriptBox[\ (m), \ (-2\)]1\) \ 1\ (\ *xSuperscri pt Box [\ (nm ),
\ (-1\)]1\)1", FontSi ze - 16, Font Wi ght -» "Bol d"]}, AspectRatio -» 17;

TEXT1 = Graphics[
Text [Styl e["AOV", FontSi ze -» 16, Font Wi ght -» "Bold"], {300, -10.2}, {-1, 0}11;

TEXT2 = Graphi cs[Text [Styl e["FOV", FontSi ze -» 16, Font Wi ght -» "Bol d" ],
{920, -10.95}, {-1, 0}11;

TEXT3 = Graphi cs[Text [Styl e[" GV, FontSi ze -» 16, Font Wi ght -» "Bol d" ],
{920, -10.75}, {-1, 0}11;

TEXT4 = G aphi cs[Text [Styl e["KOV", FontSi ze » 16, Font Wei ght - "Bol d" ],
{920, -10.53}, {-1, 0}11;

TEXT5 = Graphi cs[Text [Styl e["MV", FontSize » 16, Font Wi ght - "Bol d"1,
{920, -10.18}, (-1, 0}11;

TEXT6 = Graphi cs[Text [Styl e[" Vp=0", FontSize » 16, Font Wi ght - "Bol d"1,
{500, -11.13}, {-1, 0}11;

TEXT7 = Graphi cs[Text [Styl e["B5V", FontSi ze » 16, Font Wi ght - "Bol d" ],
{300, -9.8}, {-1, 0}11;

TEXT8 = Graphi cs[Text [Styl e["BOV", FontSi ze » 16, Font Wi ght - "Bol d" ],
{330, -9.53}, {-1, 0311;
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neel= Show[ {PLI RR, TEXT1, TEXT2, TEXT3, TEXT4, TEXT5, TEXT6, TEXT7, TEXT8}]
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n37:= Phot onAt TheTopOf TheAt nosphere[T_, V., A_]: =
Power At TheTopOf TheAt nosphere[T, V, A1 A/h/c; (x Photon flux => photons/n?/s/nm)

(» EXAMPLE:
# of photons which will reach the prinary[area 0.77n7]

froma given Teff star of given V magn in the band specified: =)

inzel= NI nt egr at e [Phot onAt TheTopOf TheAt nospher e [9850, 0, Anm], {A, 300, 1000}] 0. 77

ouzsl= 4. 06166 x 101°



detected-photons.nb | 5

EEV CCD39

o= DETECTORCQE = {{250 nm 0. 31}, {275nm O0.35}, {300 nm 0.5},
{350 nm 0.72}, {400nm O0.84}, {450nm 0.89}, {500nm 0.90}, {550 nm O. 89},
{600 nm 0.87}, {650nm 0.83}, {700nm 0.77}, {750nm 0.69}, {800nm 0.6},
{850 nm 0. 48}, {900 nm 0.35}, {950nm 0.2}, {1000nm O0.08}, {1050, 0}};
CCDhdet ect or QE = I nt er pol ati on [DETECTORQE, | nterpol ati onOrder - 21;
geccd = Pl ot [CCDdet ect or QGE[Anm], {A, 250, 1050},
Frame -> True, GidLines -> Automatic, PlotStyle - RGCol or [1, 0, 0],
FrameLabel -> {Style["x[nm]", FontSize -» 16, Font Wi ght -» "Bold"], " "},
AspectRati o -» 0.5, Pl ot Regi on » {{0.02, 0.98}, {0.02, 0.98}},
Prol og » Absol ut eThi ckness[2], Pl ot Range » {0, 1}, DisplayFunction - ldentity];
2= L2 = Graphi cs[{RGBCol or [1, O, 0], Line[{{400, 0.45}, {450, 0.45}}1}1;
T2 = Graphics|[
Text [Styl e["EEV CCD39-01", Font Si ze -» 14, Font Wi ght -» "Bol d"], {460, 0.45}, {-1, 0}11;
n441= QEgra = Show[geccd, L2, T2,
Pl ot Label - Style["Quantum Effici ency”, FontSi ze -» 14, Font Wi ght -» "Bold"1],
Di spl ayFuncti on - $Di spl ayFuncti on]

Quantum Efficiency

10
08l 7
0.6:
outf44l= 0-4? — EEV CCD39-01
0.2:
ool — — — ‘
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Alnm]

Atmosphere plus M1-> M4 and two more mirrors

in4s:= ATMOSPHERE = {{300 nm 0. 35}, {400nm 0.63}, {450nm 0. 73},
{500 nm 0.79}, {650nm 0.82}, {600nm 0.84}, {650nm 0.88}, {700nm 0.911},
{800 nm 0.9393}, {900 nm 0.953}, {1000 nm 0.962}, {1050nm 0.965}};
at nrosphere = I nterpol ati on [ATMOSPHERE];
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In[47]:=

Out[47]=

In[48]:=

In[49]:=

In[50]:=

out[51]=

In[52]:=

Pl ot [at rosphere[axnm], {A, 300, 1050}, Frame -» True, GidLi nes » Autonatic, FraneLabel -
{Style["wavel ength [nm]", FontSize » 16, FontWight - "Bold"], ""}, PlotRange » {0, 1}]
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A dAl uD = {{300nm 0.75}, {350nm 0.75}, {400nm O0.76},
{450 nm 0.77}, {500nm 0.79}, {550nm 0.79}, {600nm O0.80},
{650 nm 0.80}, {700nm 0.80}, {750nm 0.80}, {800nm 0.78}, {850nm 0.79},
{900 nm 0.81}, {950 nm 0.82}, {1000nm 0.86}, {1050nm 0.87}};

A dAlu =Interpol ation[A dAl uD, InterpolationOder » 27;

Ltr = Pl ot [at osphere[Anm] * O dAl u[Anm]*6 » 100, {A, 300, 1050}7;
Show[Ltr, Frane -> True, Axes - None, Pl ot Range -> {0, 50},
Pl ot Label -» Style["Effects of Atnobsphere and 6 Aluminum Mrrors Included ",
Font Si ze -» 18, Font Wi ght - "Bol d"1,
FrameLabel -> {Styl e["Wavel ength [nm]", FontSi ze -» 18, Font Wi ght -» "Bold"], Style[
"Light Through [%}", FontSize - 18, FontWight - "Bold"]1}, GidLi nes -> Automatic]

Effects of Atmosphere and 6 Aluminum Mirrors Included
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Mla = 0.77; (* Primary area 0.77 n? =)
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I ncident Photons[T_, m, a_, A ]:=
Phot onAt TheTopOf TheAt nosphere [T, m aAnm] x at nosphere[Anm] » MLla * O dAl u[axnm] " 6;
(xph/nnvsec on the detectorx)

Tot al Nunber Of Photons[T_, m, a_] : =
NI nt egr at e[l nci dent Phot ons [T, m a, A], {A, 300, 1050}] a (*photons/secx)

Tot al Nunber Of Det ect edP[T_, m, a_] : =
NI nt egr at e[l nci dent Phot ons [T, m a, A] » CCDdet ect or QE[Anm], {x, 300, 1000}]
a (xcounts/secx)

Teff = {26500, 13800, 9850, 7030, 5900, 5240, 3750}; (%BO, B5, A0, FO, G0, KO, M) *)

Tot Detct dPH = Tabl e[{ (i ), Total Nunber O Det ect edP[Teff [[1]], i, Mla] 71000}, {i, 1, 20}]
(» total # of photons detected from spectral type
Teff [[n]] 7/ mllisecond as a function of V mag 1 to 20%)

{{1, 2.81001x10°%}, {2, 1.11869x10°}, {3, 445357.}, (4, 177300. }, {5, 70584.4},
{6, 28100.1}, {7, 11186.9}, {8, 4453.57}, {9, 1773.}, {10, 705. 844},

{11, 281.001}, {12, 111.869}, {13, 44.5357}, (14, 17.73}, {15, 7.05844},

{16, 2.81001}, {17, 1.11869}, {18, 0.445357}, {19, 0.1773}, {20, 0.0705844}}

P1 = Li st LogPI ot [Tot Det ct dPH, Pl ot Range -» Al | , Frame - True, Axes - None,
GidLines » Automatic, PlotStyle - Absol uteThi ckness[2], FraneLabel -
{Style["V", FontSize » 16, Font\Wight - "Bold"], " "}, AspectRatio - 1, Joi ned -» True];
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ineel:= Show[P1, Pl ot Label -
Style["Total Nunmber of Detected Photons 7/ ms for a BO star", {"Tines-Bold", 16}]]

Totd Number of Detected Photpns /‘msf‘or aB0 gar
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in67= Tot Det ct dPH = Tabl e[{ (i ), Total Nunber O Det ect edP[Teff [[7]], i, MLa] 71000}, {i, 1, 20}]

oursr= {{1, 4.6618 x10°}, {2, 1.8559 x10°}, {3, 738846.}, {4, 294140.}, {5, 117099. },
{6, 46618.}, {7, 18559.}, {8, 7388.46}, {9, 2941.4}, {10, 1170. 99},
{11, 466.18}, {12, 185.59}, {13, 73.8846}, {14, 29.414}, {15, 11.7099},
{16, 4.6618), {17, 1.8559}, {18, 0.738846}, {19, 0.29414}, {20, 0.117099}}
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ines;= P2 = Li st LogPl ot [Tot Det ct dPH, Pl ot Range -» Al |, Frane -» True, Axes - None,
GidLi nes » Automatic, PlotStyl e - Absol uteThi ckness[2], FraneLabel -
{Style["V", FontSize » 16, Font\Wight - "Bold"], " "}, AspectRatio - 1, Joi ned -» True];

9= Show[P2, Pl ot Label -
Style["Total Number of Detected Photons 7/ ms for a M) star", {"Times-Bold", 16}]1]

Total Number of Detected Photons / ms for a MO sar
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