
Temperatures of 
Stars

Rich Kron
ARCS Winter Workshop

Yerkes Observatory

February 23 2008



Temperatures of Stars

✦1  what is a stellar temperature?

✦2  why is temperature important?

✦3  where can I find temperature measurements?

✦4  example of using temperature measurements:   
look for Sun-like stars

✦5  color and temperature



what do I want to know?



✦1  what is a stellar 
temperature?

temperature characterizes 
the random speed of 
particles in a substance

the higher the 
temperature, the higher 
the average speed of the 
particles



Lord Kelvin (William 
Thomson)  1824 - 1907

absolute zero 
temperature (Kelvin 
scale) corresponds to 
zero random motion



things that are hotter than their surroundings radiate

“radiate” means:  energy flows from the hotter thing 
to its cooler surroundings via electromagnetic radiation

(energy can also flow via conduction and convection)

radiation can travel across a vacuum and thus is 
important in astronomy 



electromagnetic radiation includes visible light, 
radio waves, X-rays, ultraviolet, infrared, 
microwaves, etc. 



a spectrum is a representation of how much energy is 
radiated at each wavelength

different kinds of things emit light with different spectra

by measuring the spectrum of an object, we can tell a 
lot about how it radiates (how it “works”)



dark lines are parts of the 
spectrum that are absorbed by 
atoms in the Sun’s photosphere



hot things radiating into 
their cooler surroundings 
have a very special kind of 
spectrum:

the spectrum is called a 
blackbody or thermal 
spectrum; it is completely 
described by a single 
number, T

Max Planck 
1858 - 1947 
German physicist



example:  a light bulb filament has a temperature 
of 2800 K

the spectrum of the light is characterized by a 
number that is equal to 2800 K

these numbers are the same because the 
emitted radiation depends on the temperature of 
the thing that is emitting



you can measure the 
temperature of the 
filament from a distance 
(and through a vacuum):

measure the spectrum, and 
find the value of T that 
matches

when we say that “the 
temperature of the Sun is 
5800 K,” we mean this is 
the temperature of its 
radiating surface 
(photosphere)



✦2  why is temperature important?

stars, like light bulb filaments, 
radiate into space because they are hot

the hotter they are, the more energy they radiate

the more energy they radiate, the more energy 
needs to flow from their interior out to their 
surface (if the star is to sustain itself)

→ temperatures of stars are intimately linked to their 
internal structures, and how long they will live



the amount of energy radiated per second by 
a star is called its luminosity, L

L is measured in Watts (= Joules / sec)

L depends on how much area is radiating, 
namely 4π R2

L depends on temperature T

altogether,   L  depends on    (area) × T4



L  =  4π R2 × σ T4

σ =  Stefan-Boltzmann constant 

   =  5.67 × 10 -8 Watts meter-2 K -4



suppose we controlled a light bulb with a 
dimmer switch:  

we measure its brightness and its 
temperature, and we plot these quantities (say 
temperature on the x-axis, and brightness on 
the y axis)

what does the plot look like for a bunch of 
different settings of the dimmer switch?



line shows hypothetical 
spheres, all with the 
same radius R

L  =  4π R2  x  σ T4  



L  =  4π R2 × σ T4

Lsun  =  3.9 × 1026 Watts,   R = 6.9 × 108 meters

→  solve for T ;   Tsun = 5800 K

this is called the effective temperature,  Teff

→ Teff is the temperature that the Sun would have 
if it radiated as a blackbody



✦3  where can I find temperature measurements?

http://cas.sdss.org.astrodr6

http://sdss.cas.astrodr6
http://sdss.cas.astrodr6
http://sdss.cas.astrodr6
http://sdss.cas.astrodr6








NGC 2420 - open cluster in Gemini
age = 1.7 billion years





select ra, dec, g0, gmr0, sna, teffa, 
logga, feha, rva,  pmra, pmdec, sptypea, 
distCAP

from sppParams

where (plate = 2078 or plate = 2079) 
and sna > 10





HR diagram for NGC 2420
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NGC 2420 field
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HR diagram for NGC 2420 w/ cut on velocity
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Teff = 7632 K



Teff = 5800 K



✦4  example of using temperature measurements:  
look for Sun-like stars

a star like the Sun will have a spectrum like the Sun

one spectroscopic parameter is the effective 
temperature, Teff



not all stars with Teff = 5800 K are like the Sun

other parameters include the chemical composition, 
more specifically the proportion of heavy elements 
with respect to hydrogen

in astronomical jargon this parameter is called [Fe/H]

for the Sun, [Fe/H] = 0.  For a star with an abundance 
of iron and other heavy elements ten times smaller 
than in the Sun, [Fe/H] = -1



another parameter that can be derived from the 
spectrum is the pressure of the gas

more directly, we measure the acceleration due to 
gravity in the photosphere of the star

g (surface of earth) = 981 centimeters per sec per 
sec, so  log g = 3

stars like the Sun have log g near 4 (as opposed to 
giant stars which have log g near 2, and white dwarfs 
which have log g near 8)



normal nomenclature       SDSS database

Teff                                  teffa

[Fe/H]                              feha

log g                                 logga



-- select Sun-like stars

select ra, dec, g0, gmr0, sna, teffa, logga, feha, 
rva, pmra, pmdec, sptypea, distCAP

from sppParams

where teffa between 5700 and 5900 and
logga between 4 and 5 and
feha between -0.2 and 0.0 and
b between -20 and 20 and
sna > 30







✦5  color and temperature



NGC 2420
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the previous plot tells you that you can derive 
temperatures from colors

a color is the ratio of energy passing though one 
filter with respect to another filter (eg how much red 
light there is with respect to blue light)

by astronomical convention, the larger the numerical 
value for the color, the cooler (redder) the 
temperature



you can measure a color with a camera and 2 filters

you can measure colors for fainter stars (and more 
of them) than you can with 
a spectrograph



however, the correlation of color with 
temperature is not perfect (why not?)

and, you can get more information from a 
spectrum than just the temperature
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