
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/


Spectral classes

• Most stars are composed of the same chemical elements as the Sun.

• So you would expect all stars to have the exact same absorption 
lines in their spectra, because the lines are determined by the 
chemical elements.

• But it turns out that things are not that simple, and the spectral 
lines also depend on the temperature of the star.



Spectral classes

• If a star is very hot, the heat provides enough energy to ionize most 
of its hydrogen atoms.

• The absorption lines are created by photons that excite the 
electrons. But in an ionized hydrogen atom there are no electrons, 
so there are no absorption lines.

• If the star is very cold, most hydrogen atoms are in the ground 
state.

• It takes a lot of energy to excite an electron from the ground state, 
so this excitation seldom happens in a very cold star.



Spectral classes

• Therefore, very cold and very hot stars have weak or missing 
hydrogen spectral lines.

• The hydrogen lines are stronger in stars that have intermediate 
temperatures, and strongest around 10,000 K.

• Similarly, other chemical elements also have temperatures for 
which their absorption lines are the strongest.



Spectral classes

• This means we can use the spectral lines of a star to determine its 
temperature.

• Stars are therefore divided into spectral classes that correspond to 
their surface temperatures.

• From hottest to coldest, the spectral classes are: O, B, A, F, G, K, M.
• Why these letters? Like in most cases where the notation doesn’t make 

sense, it’s for historical reasons.

• Mnemonic: “Oh Barak, An F Grade Kills Me!”

• There are also newer spectral classes for stars cooler than class M 
that were discovered more recently: L, T, and Y.



Illustration of stars of different spectral classes, from hottest (left) to coldest (right). Note also how hotter stars are larger (and more massive).
Credits: Wikipedia



Absorption lines in stars of different spectral classes. Note that in astronomy “metal” means any element heavier than helium, for historical reasons.
Credits: OpenStax Astronomy



Spectral classes

• For each class, we also add a number from 0 to 9, where 0 is the 
hottest and 9 is the coldest within that specific class.

• For example:
• Remember, from hot to cold: O, B, A, F, G, K, M.

• An O star is hotter than a B star.

• A B2 star is hotter than a B7 star, but colder than an O5 star.

• Our Sun is a G2 star.



Actual spectra of stars with different spectral classes.
Credits: Modification of work by NOAO/AURA/NSF



Spectral classes

• As we will learn later, stars come in a huge range of sizes.

• Very large stars are called giants. Smaller stars are called dwarfs.

• Because they’re so large, their atoms are spread out more, so they 
have lower density and pressure.

• This means less collisions between atoms, and therefore narrower 
spectral lines.

• If two stars have the same temperature but different sizes, they will 
have similar spectral lines, but the larger star will have narrower 
lines.



Spectral lines for a dwarf and a giant with similar temperatures. The dwarf has broad spectral lines and the giant has narrow spectral lines.
Credits: Wikipedia



The Doppler effect

• When a car passes by you while it sounds its horn, the pitch of the 
horn will change. The reason for that is called the Doppler effect.

• The car is emitting a sound wave with constant pitch.

• However, when it moves toward you, the wave will “compress”, the 
wavelength will decrease, and the frequency/pitch will increase.

• The opposite effect happens when it moves away from you. The 
wave will “expand”, the wavelength will increase, and the 
frequency/pitch will decrease.



Video

• We will watch a video with several animations explaining the 
Doppler effect.

• The video can be found at this URL:

https://youtu.be/ffg4TOpXZyg

https://youtu.be/ffg4TOpXZyg


The Doppler effect

• When a star is moving away from us, the wavelength of the light 
will increase and the frequency will decrease.

• Since red corresponds to lower frequency than other colors, we say 
that the light is redshifted.

• When a star is moving toward us, the wavelength of the light will 
decrease and the frequency will increase.

• Since blue corresponds to higher frequency than (most) other 
colors, we say that the light is blueshifted.

• This is referred to as a Doppler shift.



Illustration of redshift and blueshift.
Credits: Aleš Tošovský



The Doppler effect

• If we look at the spectrum of a star, we will see the lines in its entire 
spectrum either redshifted or blueshifted.

• This way, we can determine whether the star is moving towards or 
away from us.

• This type of movement, along the line of sight between us and the 
star, is called radial velocity.



Illustration of Doppler-shifted spectral lines for 3 stars: moving away from us (top), not moving relative to us (middle), and moving toward us (bottom).
Credits: OpenStax Astronomy



The Doppler effect

• We are not special! Stars in the galaxy don’t move only toward or 
away from us, they also move in other directions.

• The motion of a star across the sky is called proper motion.

• Doppler shift can tell us about the radial velocity of the star (along 
the line of sight).

• Observations of proper motion tell us about the transverse velocity 
of the star (perpendicular to the line of sight).

• If we also know the distance to the star, this information allows us 
to calculate its space velocity, i.e. its actual velocity in space.



The relationship between radial, transverse, and space velocity of a star.
Credits: Brews ohare / CheChe (Wikipedia)



Proper motion of the binary star system 61 Cygni in the sky between 2012 and 2020.
Credits: IndividusObservantis (Wikipedia), GIF available here: https://en.wikipedia.org/wiki/File:61_Cygni_Proper_Motion.gif

https://en.wikipedia.org/wiki/File:61_Cygni_Proper_Motion.gif


Reconstructed orbits of stars moving in and out of our galaxy. These are space velocities, not radial velocities; the stars are not moving specifically away from or towards Earth.
Credits: ESA (artist’s impression and composition); Marchetti et al 2018 (star positions and trajectories); NASA/ESA/Hubble (background galaxies)



The Doppler effect

• We can also use the Doppler effect to measure a star’s rotation.

• Depending on the rotation axis and direction, one side of the star is 
moving toward us, and the opposite side is moving away from us.

• The star is just a point, so we cannot measure the light from each 
side separately.

• However, the spectral lines from one side will be redshifted, and 
the lines from the other side will be blueshifted.

• So in total, we will see the lines broadening. The amount of 
broadening tells us the rotation speed of the star.



Illustration of line broadening.
Credits: OpenStax Astronomy



Conclusions

• In this lecture we learned how to use properties of light, such as 
brightness, color, and spectral lines, to learn about the star that 
produced the light.

• The properties of light (and waves in general) that we learned 
about will continue to be useful later.

• Reading: OpenStax Astronomy, chapter 17.

• Exercises: Practice questions will be posted on Teams.
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