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THE OPTICAL-INFRARED 
WAVELENGTH DOMAIN       

I.  INTRODUCTION 

important properties of the Planck law            
show  most clearly in a log-log plot:                
                            -  Wien’s law: λmax.T = const. 
= 2.90x10-3 m.K          -  all Rayleigh-Jeans 
parts have slope 2:            B(ν)  ∝ ν2, 
independent of T                                                
       -  in R.-J. domain B(ν)  ∝ T at fixed ν

for ground-based measurements, 
the optical-IR window is set by 
atmospheric absorption cut-offs (O3 
in the UV, H2O in the IR) 

wavelength range:                   
~ 300 nm (3000 Å) to ~ 25 µm 
i.e. frequencies ~1015-1013 Hz

NB: also inside this optical/IR 
window there are strong 
atmospheric absorption bands !

thermal sources with Planck 
curve maxima in this wavelength 
range have temperatures between 
120 and 10000 K.

telescope, instrument and 
atmosphere have T≈  300 K, so their 
radiation peaks at ~ 10 µm              
  problem for measurements in 
‘thermal IR’ (λ  > 2 µm)
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more about Planck’s law, radiation units and photon energies

on frequency scale:         Bν(T) = (2hν3/c2)(e hν/kt – 1)–1     W.m-2 .ster-1.Hz-1

ν =c/λ   dν  = c/λ2. dλ    λ-scale: 	Bλ(T) = (2hc2/λ5)(e hc/λkt – 1)–1   W.m-2.ster-1. m-1

Bν(T) and Bλ(T)  have dimension of intensity  (= spectral radiance)                                     
                   detection of astronomical signals usually means:                                             
measurement of flux density      Fν in W.m-2 .Hz-1   or   Fλ in W.m-2 .Å-1                                      
                                                Å or nm (1 Å = 0.1 nm) are handy at optical/IR 
wavelengths,                                          radio flux densities: usually in Jansky   
1 Jy = 10-26 W.m-2 .Hz-1                       

Ephoton = hν  with h = 6.626x10-34 J.s                 1 W.s = 1 J = 107 erg = 6.241x1011 eV     
             some typical photon energies: 

nm Hz J      erg eV

Hard X-ray: 0.0124 2.42x1019        hν = 1.60x10-14      1.60x10-7 105

Lyman limit HI: 91.2 3.29x1015 2.20x10-18 13.6

V-band centre: 550  5.46x1014      3.64x10-19      2.27

λmax for 300 K: 10000 3.00x1013 2.00x10-20 0.125

21-cm line: 2.1x108 1.42x109   9.5x10-25  6x10-6
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Photometrische Systemen



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

FLUX LEVELS - SUMMARY

All photometric and spectroscopic measurements in astronomy are relative:            we 
measure fluxdensity ratios, relative to some defined standards. 

Absolute fluxdensities in physical units (W.m-2.Å-1 or W.m-2.Hz-1 ) can only               be 
obtained by measuring those standards relative to blackbody sources                 that 
have been calibrated in the laboratory.

Because we are dealing with ratios, a logarithmic scale is convenient:                        
 magnitudes at optical wavelengths. The zeropoint of these magnitudes               
has originally been set by defining α  Lyrae ≡  0mag at all wavelengths.

Result of absolute calibration of the magnitudes in the V (λeff = 5500 Å) and B         
(λeff = 4350 Å) bands of the UBV photometric system (NB: outside atmosphere):   

log Fλ(V) = -0.4 mV –11.42  W.m-2.Å-1                                           

log Fλ(B) = -0.4 mB –11.21  W.m-2.Å-1    

Ex.1: Sun: mV = -26.78  log Fλ(V) = –0.71   Fλ(V) = 0.2 W.m-2.Å-1                                                

          at 5500 Å  hν = 3.61x10-19 J   5.4x1017 photons.s-1.m-2. Å-1 

Ex.2:    α Lyr: log Fλ(V) = –11.42  Fλ(V) = 3.8x10-12 W.m-2.Å-1   107 photons.s-1.m-2. Å-1 

conclusion: with few exceptions, all astronomical signals are very small !

Handy number to remember:0mag star at 5500 Å, outside atmosphere: 1000 photons.s-1.cm-2. Å-1 
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For measurements from the ground we have to take into account:

A transmission atmosphere                
T transmission telescope + instrument 
 D diameter telescope aperture           
∆λ measurement bandwidth                 
∆t integration time                                
q detector quantum efficiency

NB:  A, T and q are functions of λ !

log E(V) = -0.4 mV –11.42 + log A + log T +log(D2. π /4) + log ∆λ + log ∆t + log q    (J) 
and the number of detected photons:                                                              

            log N(V) = -0.4 mV + 7.02 +    ,,         ,,             ,,                  ,,            ,,           ,,

The detected signal in the V-band for a source 
with magnitude mV is then given by:

Ex.1: Human eye, at night                                                                                               A=0.83, 
T=0.9, (D2. π/4)=0.5 cm2, ∆λ=1000Å, ∆t=0.1 s, q=0.1  logN(V) = - 0.4 mV +3.59 Faintest 
visible star: mV = 5.5mag  25 detected photons per time constant!

Ex.2: 1-meter telescope, CCD detector, at λ = 5500Å                                                    
A=0.83, T=0.7, (D2. π/4)=0.79 m2, ∆λ=500Å, ∆t=100 s, q=0.7  logN(V) = - 0.4 mV + 11.23     
   109 detected photons for mV= 5.5mag                                                                                Q.: 
Signal with 1 photo-electron/sec can still be measured  23mag detected in 100 sec?
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Atmospheric Extinction



  



  



  



  



  



  



  



  



  



  



  



  

Fotometrie in de praktijk



  

Photometry

• Aperture Photometry
– DaCosta, 1992, ASP Conf Ser 23

– Stetson,    1987, PASP, 99, 191
– Stetson,    1990, PASP, 102, 932

Sum counts in all 
pixels in aperture

Determine sky in 
annulus, subtract 
off sky/pixel in 
central aperture



  

Aperture Photometry

I=∑
ij

I ij−npix ´ sky/pixel

Total counts in 
aperture from source

Counts in each pixel in aperture

Number of pixels in aperture

m = c0 - 2.5log(I)



  

Aperture Photometry

• What do you need?
– Source center

– Sky value
– Aperture radius



  

Sky

• To determine the sky, typically use a local 
annulus, evaluate the distribution of 
counts in pixels in a way to reject the bias 
toward higher-than-background values.

• Remember the 3 Ms.



  

Counts

#o
f 

pi
x e

ls
Mode (peak of this histogram)

Arithmetic mean

Median (1/2 above, 1/2 below)

Because essentially all deviations from the sky are 
positive counts (stars and galaxies), the mode is the 
best approximation to the sky.  



  

Aperture size and growth curves

• First, it is VERY hard to measure the total light 
as some light is scattered to very large radius. 

Radial intensity distribution 
for a bright, isolated star.

Radius from center in pixels

Inner/outer sky radii

Perhaps you have most of 
the light within this radius 



  

• Radial intensity distribution for a faint 
star:Same frames as previous example

Bright star aperture

The wings of a 
faint star are lost 
to sky noise at a 
different radius 
than the wings of 
a bright star.



  

Radial profile with neighbors

Neighbors OK in 
sky annulus 
(mode), trouble 
in star apertures 



  

One approach is to use `growth 
curves’

• Idea is to use a small aperture (highest S against 
background and smaller chance of 
contamination) for everything and determine a 
correction to larger radii based on several 
relatively isolates, relatively bright stars in a 
frame.

• Note! This assumes a linear response so that all 
point sources have the same fraction of light 
within a given radius.

• Howell, 1989, PASP, 101, 616



  



  

Growth Curves

Aperture 2 3 4 5 6 7 8

Star#1 0.43 0.31 0.17 0.09 0.05 0.02 0.00

Star#2 0.42 0.33 0.19 0.08 0.21 0.11 0.04

Star#3 0.43 0.32 0.18 0.10 0.06 0.02 -0.01

Star#4 0.44 0.33 0.18 0.22 0.14 0.12 0.14

Star#5 0.42 0.32 0.18 0.09 0.19 0.21 0.19

Star#6 0.41 0.33 0.19 0.10 0.05 0.30 0.12

cMean 0.430 0.32
4

0.18
4

0.09
4

0.05
7 0.02 0.00

∂mag for 
apertures n-1, n

Sum of these is the total aperture correction to be 
added to magnitude measured in aperture 1



  Aperture Radius
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Aperture Photometry Summary

1. Identify brightness peaks

∑
xy

I xy− sky ·aperture area 2.

Use small aperture

3. Add in ``aperture correction’’ 
determined from bright, isolated stars

Easy, fast, works well except for the case of overlapping images



  

Photometric Calibration

• The photometric standard systems have tended to be 
zero-pointed arbitrarily. Vega is the most widely used 
and was original defined with V= 0 and all colors = 0.

• Hayes & Latham (1975, ApJ, 197, 587) put the Vega 
scale on an absolute scale.

• The AB scale (Oke, 1974, ApJS, 27, 21) is a physical-
unit-based scale with:

                       m(AB) = -2.5log(f) - 48.60
          where f is monochromatic flux is in  units of 

erg/sec/cm2/Hz. Objects with constant flux/unit frequency 
interval have zero color on this scale



  

Photometric calibration

1. Instrumental magnitudes

m=c0−2 .5 log  I ·t 
¿c 0−2. 5 log  I −2. 5 log  t 

Counts/sec

minstrumental



  

Photometric Calibration

• To convert to a standard magnitude you 
need to observe some standard stars and 
solve for the constants in an equation like:

m inst=Mc0c1 Xc2 color c3 UT +c4color 2.. .

Stnd mag

Instr mag

zpt

Extinction coeff 
(mag/airmass)

airmass Color term



  

• Extinction coefficients:
– Increase with decreasing wavelength
– Can vary by 50% over time and by some amount 

during a night

– Are measured by observing standards at a range 
of airmass during the night

Slope of this 
line is c1



  

• The color terms come about through mismatches 
between the effective bandpasses of your filter 
system and those of the standard system. Objects 
with different spectral shapes have different offsets.



  

V=v1+a0

RMS=0.055



  

V=vinst+ c0 + c1X

RMS=0.032



  

V=vinst+c0+c1X+c2(B-V)

RMS=0.021



  

Photometric Standards

• Landolt (1992, AJ, 104, 336)
• Stetson (2000, PASP, 112, 995)
• Fields containing several well measured stars of 

similar brightness and a big range in color. The 
blue stars are the hard ones to find and several 
fields are center on PG sources.

• Measure the fields over at least the the airmass 
range of your program objects and intersperse 
standard field observations throughout the night.



  

Example Landolt Field
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