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Recap: Magnitudes
• Magnitude difference are related to the ratio of in tensities:

or

• For any given measurement system (telescope-instrument-detector 
combination), the measured intensity depends on:
1. The actual intensity of the object

2. The sensitivity of the system , which depends upon:
• Effective collecting area of the telescope
• The “throughput” of the instrument (e.g. filters, op tics)
• The QE (Quantum Efficiency) of the detector (e.g. p hotomultiplier, CCD, etc.)

• We refer to the instrumental magnitude , defined as:
• To be able to compare measurements between differen t systems, we use the following:

• The constant is referred to as the zero point of the system, and is determined for a 
specific telescope-instrument-detector combination.  

• In terms of flux density (ergs cm -2 s-1 Å-1) m(� )  =   �2.5 logF(� ) � 21.1
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Absolute Magnitudes
• The absolute magnitude (M) is the apparent magnitude of a star as it would be 

seen at a distance of 10 parsecs (pc)

• Consider a star observed at two different distances , r:
– At it’s actual distance, r 1 = d
– At a hypothetical distance of  r 2 = 10 pc

• The intensity, I,  (flux density, measured per square metre at the t elescope) of 
a star µµµµ 1/r2 (inverse square law of intensity)

• Total luminosity, L, of the star is therefore the product of I and the total area 
through which this radiation passes, so:

L =  I1 4pppp r1
2 =     I2 4pppp r2

2

��� � I1 / I2 =     (r2 / r1)2

So, m1 – m2 =   –2.5 log (I1/I2)   =   m – M  =   –2.5 log (r2/r1)2   =  –5 log (10/d)
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Absolute Magnitudes
• So for a star at an actual distance, d, the magnitude difference between the 

apparent (m) and absolute (M) magnitudes is given as:

[known as distance modulus ]

– Or in terms of the parallax:

[pppp = 1/d arcsec]

• The apparent magnitude ( m) is 
invariably measured with a specific 
filter , typically the visual (V) of the 
first accurate photometric system, 
namely the Johnson , or UBV, system 
based on the first photomultipliers 
(1P21)

• mV is therefore the apparent
magnitude measured through the V-
band filter. 

Filter � (Å) DDDD� (Å)
U 3600 560
B 4400 990
V 5500 880
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Bolometric Magnitudes

• The relative apparent magnitudes (m) measured through different filters 
depend on the colours or temperatures of the object

• For thermal sources (e.g. stars), the hotter the bl uer:

• Define the bolometric magnitude as 
the total magnitude of a star over all 
wavelengths, measured at d = 10 pc

• Related to the integrated intensity of a 
spectral energy distribution (SED)
– The area under the SED curve ®®®® bolometric 

intensity ®®®® bolometric magnitude

– Mbol µµµµ � F� d�

• For a black body, F � is the Planck 
function which defines the SED as a 
function of temperature and � :

Integrated energy (area under SED):

=  � F� d� = � Teff
4 (Stefan-Boltzman law )

• Colour index is the difference of 
magnitudes measured through two 
different filters: e.g. B – V



NASSP OT1:  Photometry 25 Mar 2009 6

Observational Techniques in Optical/IR Astronomy

Photometry

Bolometric Magnitudes

• Star SED’s approximate black bodies, so colour index is an indicator of 
temperature.

• Bolometric correction ( BC) is the difference between the bolometric and 
absolute V -band magnitude:

BCV = Mbol ---- MV

• The correction is most extreme for 
stars much hotter or cooler than 
~6000 – 8000K
– More UV flux for hot stars

– More IR flux for cooler stars
– Effects of spectral lines Sun-like stars
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Other Aspects of the Black Body Distribution
• Wien Law:

– Peak of the Planck function is given as function of  wavelength

– The Sun’s effective temperature is ~5800K ��� � � max = 0.5� m
– Coincidence that the eye’s peak QE is at this wavel ength?

• Rayleigh-Jeans tail
– For � >>  � max we are said to

be in the “Rayleigh-Jeans 
tail” of the SED

– F� µµµµ � - 4

The Rayleigh-Jeans
tail of the SED
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Examples of Photometric Systems:
Filters chosen to discriminate various 
parameters, e.g.  temp, gravity, abundance.

Measured fluxes/magnitudes are product of
passbands and the SEDs.

X

= magnitude filter (e.g. mV)
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• Colour of source determines the filter’s effective wavelength
– Need to take account of this is determining mags/co lours

‘convolved’ filter responses
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• Sometimes stellar SEDs are a poor match to blackbodi es
• Presence of spectral features (e.g. Balmer jump, spe ctral lines, line 

blanketing) affects mags/colours

Real SEDs vs. Blackbodies

Cool starHot star
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• Even greater departures from 
blackbodies for some objects (e.g. novae, 
supernovae, non-thermal sources)

Real SEDs vs. Blackbodies

Nova

Polar 
(cyclotron emission)

Supernova
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Two-Colour diagrams

For V = 0 star:

f0
� = 3.63 × 10�9 erg s�1 cm�2 Å�1

f0
nnnn = 3.63 × 10�20 erg s�1 cm�2 Hz�1

ffff 0
� /hnnnn = 1005 photons cm�2 s�1 Å�1

• Define colour indices:

U – B and B – V = 0 for A0 spectral type
• A0 defined by Vega ( Teff = 9550, log g = 3.95, 

log Z/Z � =  – 0.5)
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Standard Fluxes for V = 0 A0 star

• Fluxes for U = B = V = R = I = J = K = K’ = L = L* = 0

zp(f� )

zp(fnnnn)
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Interstellar Dust
• Interstellar space 

contains dust
– Carbon & silicates

• Causes light to be 
absorbed, 
preferentially in the 
blue
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Galactic Dust

Dust emission at 100 � m in Galactic coordinates
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Galactic Dust

Statistics for galactic dust:

• Total dust mass is ~1 per cent of mass of 
interstellar medium (ISM), the remainder is 
gas

• Mean dust density in the galactic disk is 
ndust ~ 10-6 grains/m 3

• Compare this to mean gas density of
ngas ~ 10+6 gas atoms/m 3

• Mean visual extinction in galactic plane 
(b = 0º) is ~ 1 to 2 magnitudes (in the V-
band) for each kiloparsec (1 kpc = 1000 pc) 
of distance, but the distribution is very 
patchy.

IRAS (Infrared) image of the Milky
Way showing dust in galactic 
plane
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• Apparent magnitudes of objects 
affected

– Appear dimmer
– Before determining distances, need to correct 

for interstellar absorption

• Modified distance modulus:

– Absorption measured in magnitudes of 
extinction, A�

• In addition, absorption is wavelength 
dependent

– Shorter wavelengths affected most
– Objects are reddened
– Colours appear redder

Interstellar Dust Extinction & Reddening

VVV
AdMm +-=- 5log5

0obs
)()( VBVBE

VB
---=

-
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• Ratio of extinction to reddening defined 
as:

also know as the ratio of total to 
selective absorption

• This ratio is ~3.2 and is determined by 
the physics of the dust (grain size, 
shape, scattering)

Interstellar Dust Extinction & Reddening

RV =
AV

AB - AV

=
AV

E(B- V)

• Mostly dust particles >100nm scatter by 
Mie scattering, which dominates from the 
near UV (>~350nm) to the IR

Av µµµµ 1/� (Whitford law)

• In terms of column density:

[useful for X-ray obs]E(B- V) =
NH

5.8´ 1025m- 2

Mie regime

Graphite emission bump
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Reddening Effects on Two-Colour diagrams

• Due to reddening, positions of stars 
are displaced along a reddening line

• Amount of displacement dependent on 
degree of reddening
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Reddening Effects on Two-Colour diagrams

• For a cluster, the locus of position in the Two-Col our disgram
is displaced due to reddening
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Colour-Magnitude Diagrams

Main Sequence

Super Giants

White Dwarfs

• Colour-Magnitude diagrams are synonymous with Hertzprung-Russell 
diagrams

– Crucial for understanding stellar evolution

• Colour is a measure of Teff, Absolute Mag is a measure of Luminosity
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Colour-Magnitude (C-M) Diagrams

• A C-M diagram for an evolved globular 
cluster
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Colour-Magnitude (C-M) Diagrams

• A C-M diagram for coeval (all stars 
same age) grouping of stars (i.e. a 
cluster) can be used to determine 
cluster ages

• Fits “isochrones” (evolutionary tracks) 
from models

• Standard method to determine ages of 
stars
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The Strömgren System
• Used mostly for hotter star (spectral type G and 

hotter) and uses “Intermediate” band filters
– Few hundred Å wide (narrower than UBV)

• Define specific colour indices:
(b – y) is a temperature indicator (like B-V)
m1 = (v – b) – (b – y) is a metallicity index

c1 = (u – v) – (v – b) measures the strength of the Balmer jump 
and is a luminosity indicator for A, F & G stars and a 
temperature indicator for O-B stars

bbbb-index = ratio of flux in wide & narrow H bbbb filter, and is a 
temperature indicator in A, F & G stars and a luminosity 
indicator in O-B stars (compliments C1 index)
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Line Blanketing

• Akin to reddening lines, but due to the effects of metallic absorption lines
• Most prevalent in the UV

• Decreases the UV flux, therefore U – B gets redder, more so than B – V 


