
Star colors

• Violet has a higher frequency than blue. Why are the hottest star 
not violet?

• It turns out that black-body radiation never looks violet. It also 
never looks green.

• It starts at red at low temperatures, then passes through orange, 
yellow, white, and ends up at blue at the highest temperatures.

• This “path” it makes through the color palette is called the 
Planckian locus or black body locus.



The Planckian locus.
Credits: PAR (Wikipedia)

The numbers on the 
black path are 
temperatures in 
kelvins.

The blue numbers 
are wavelengths in 
nanometers.



The colors corresponding to different temperatures of black-body radiation.
Credits: Bhutajata (Wikipedia)



It is convenient to denote the color of a lightbulb in kelvins. Confusingly, colder temperatures create light we interpret as “warm” and hotter temperatures create “cool” light.
Credits: Yerocus (Wikipedia)



Star colors

• By observing the color of a star, we can estimate its temperature.

• For example:
• Betelgeuse is a red star and its temperature is estimated at 3,600 K.

• Bellatrix is a blue star and its temperature is estimated at 21,800 K.

• Our Sun is a white star and its temperature is ~5,778 K.
• White light includes roughly equal amounts of light from the entire visible 

spectrum.

• This is exactly why we evolved to see the visible spectrum: it’s the 
spectrum of light that our Sun emits the most of.

• Aliens living near a blue or red star will probably evolve to see different 
parts of the electromagnetic spectrum.



True color image of the Sun in visible light.
Credits: Matúš Motlo



Star colors

• When light from the Sun passes through the atmosphere, it 
undergoes Rayleigh scattering.

• Some of the light scatters off particles in the atmosphere. It collides 
with them and changes its direction, so it doesn’t reach us directly.

• Shorter (blue) wavelengths are scattered more than longer (red) 
wavelengths.

• So the blue light scatters, and we see it coming from all over the 
sky, which is why the sky appears blue.

• Meanwhile, longer wavelengths are not scattered, so they reach us 
directly, which is why the Sun appears yellow, red, and/or orange.



Simulation

• I will demonstrate how a star’s spectrum and peak wavelength 
depends on its temperature.

• The simulation can be found at this URL:

https://phet.colorado.edu/sims/html/blackbody-
spectrum/latest/blackbody-spectrum_en.html

https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html
https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html


Spectroscopy

• When light shines through a gas, some of the frequencies of the 
light get absorbed by it.

• If we examine the spectrum of the light, we will find dark 
absorption lines at those specific frequencies.

• The type of atoms or molecules the light passes through 
determines which frequencies will be absorbed.

• If we know which gases correspond to which absorption lines, we 
can identify them in the spectra of stars.



Absorption lines of some different gases.
Credits: Nagwa



Fraunhofer lines, the absorption lines in the spectrum of the Sun, which can be used to determine its chemical composition.
Credits: Wikipedia



Spectroscopy

• Something similar happens when we heat a gas. It emits light at 
frequencies that depend on the atoms and molecules in the gas. 

• If we examine the spectrum of the light, we will find bright 
emission lines at those specific frequencies.

• The emission lines are at the same frequencies as the absorption 
lines.

• Shining a light through a gas will absorb the frequencies, and the 
gas on its own, when heated, will emit the same frequencies.



Absorption spectrum

Emission spectrum

Both together

Absorption and emission lines complement each other.
Credits: Stkl (Wikipedia)



Simulation

• I will show a simulation of how absorption and emission lines 
combine together when different elements are present.

• The simulation is available at this URL:

https://foothillastrosims.github.io/Spectroscopy-Demonstrator/

https://foothillastrosims.github.io/Spectroscopy-Demonstrator/


Spectroscopy

• But what causes these spectral lines to appear?

• We can explain them using a simplified model of the atom known 
as the Bohr model.

• Note that this model is not accurate, but it is a good approximation 
for simple atoms. 
• The correct model (as far as we know) is that of atomic orbitals, where 

each electron’s position is described by a quantum mechanical probability 
distribution or “electron cloud”, but it is much more complicated.



Nucleus

𝑛 = 1

𝑛 = 2

𝑛 = 3

• In the Bohr model, electrons 
orbit around the nucleus in 
discrete orbits, and cannot 
be anywhere except in one of 
these orbits.

• The orbits are denoted by 
integers 𝑛 = 1,2,3, …

• The lowest orbit, with 𝑛 = 1, 
is the closest to the nucleus. 
It is called the ground state.

• Orbits with 𝑛 > 1 are called 
excited states.



Spectroscopy

• Each orbit has an energy level associated with it.

• When an electron moves to an orbit closer to the nucleus (𝑛
decreases), it emits a photon with energy:
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• 𝑅 is called the Rydberg constant.

• ℎ is the Planck constant.

• 𝑐 is the speed of light.

• 𝑛𝑖 is the initial orbit.

• 𝑛𝑓 is the final orbit, where 𝑛𝑓 < 𝑛𝑖 .



Spectroscopy

• An electron can also move to an orbit farther away from the 
nucleus (𝑛 increases) by absorbing a photon that collides with it.

• But this can only happen if the photon has the exact energy 
required by the formula. Otherwise, the photon does not interact 
with the electron.

• This is the exact opposite of photon emission. The electron emits a 
photon when it moves to a lower orbit 𝑛, and moves to a higher
orbit 𝑛 when it absorbs a photon.

• The absorbed and emitted photon energies are the same if the 
electron moves up or down between the same two orbits 𝑛𝑖 and 𝑛𝑓.



Spectroscopy

• Remember that for a photon, the energy, wavelength, and 
frequency are related:

𝐸 = ℎ𝑓 =
ℎ𝑐

𝜆
• So if we know 𝐸, we can calculate 𝜆:
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• This is called the Rydberg formula. It was known experimentally (by 
measuring spectral lines) in 1888, before Bohr formulated his model in 
1913, but the Bohr model provided a theoretical explanation for the 
formula, and a derivation of the constant 𝑅.



Spectroscopy

• Absorption lines occur because 
photons of the appropriate 
wavelengths are absorbed, and their 
energy is used to excite electrons to 
higher energy levels.

• Emission lines occur because 
electrons are excited to higher energy 
levels by heat, and when they fall to 
lower levels, they emit photons with 
the corresponding wavelengths.



Simulation

• I will demonstrate how photons are absorbed and emitted when 
electrons move between energy levels in the hydrogen atom.

• We will also see that when a photon has more energy than the 
maximum energy level, the atom is ionized (loses an electron).

• The simulation can be found at this URL:

https://foothill.edu/astronomy/astrosims/hydrogen-atom/

https://foothill.edu/astronomy/astrosims/hydrogen-atom/
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