




We will learn about…

• Brown dwarfs.

• Stellar masses and their relation to luminosity.

• The Hertzsprung–Russell (H-R) diagram.

• Luminosity classes.

• Various types of stars.

• Measuring distances to the stars.

• And more…

A star-forming region in the Large Magellanic Cloud.
Credits: ESA/Hubble



Stellar masses

• Stars have a very wide range of masses.

• Usually, we measure stellar masses (masses of stars) in units of 
solar mass (the mass of our Sun):

𝑀⊙ ≈ 2 × 1030 kg

• The smallest-mass stars have a mass of ~𝑀⊙/12. Below that mass, 
nuclear fusion of protons into helium to produce light cannot 
happen.



Stellar masses

• Remember that deuterium, or hydrogen-2, is an isotope of 
hydrogen with 1 proton and 1 neutron.

• Objects with masses of ~ 𝑀⊙/80 to 𝑀⊙/12 cannot fuse protons 
like stars do, but they can fuse deuterium.
• Deuterium fusion is the 2nd stage of the proton-proton chain.

• These objects are called brown dwarfs.
• However, they are not necessarily brown; the warmest can be orange or 

red, and the coldest can appear magenta or black.

• Brown dwarfs are also known as failed stars because they “failed” 
to achieve proton fusion.



Stellar masses

• The mass of Jupiter is 𝑀𝐽 ≈ 2 × 1027 kg. So Jupiter is ~1,000 times 
less massive than the Sun.

1 𝑀⊙ ≈ 1,000 𝑀𝐽

• Brown dwarfs have masses between ~13 to 80 𝑀𝐽. They are less 
massive than stars, but more massive than planets.

• Planets do not generate their own light by nuclear reactions. Brown 
dwarfs do, but only very little light.



Comparison of stars, brown dwarfs, and planets. Brown dwarfs are only slightly larger than Jupiter, but they are up to 80 times more massive, which means they have much higher density.
Credits: Planetkid32 (Wikipedia)



Stellar masses

• Recall the spectral classes for stars, which are, from hottest to 
coldest: O, B, A, F, G, K, and M.

• The hottest brown dwarfs are of class M, but colder brown dwarfs 
belong to additional spectral classes: L, T, and Y.

• These dwarfs are so cold that most of their light is in the infrared 
spectrum.
• Remember, infrared has a lower frequency compared to red, and thus 

corresponds to lower energy and colder temperatures.



Comparison of stars, brown dwarfs, and planets, showing temperatures and colors.
Credits: Planetkid32 (Wikipedia)



Stellar masses

• More massive stars are also more luminous.

• The luminosity 𝐿 and mass 𝑀 of a star are related by the equation
𝐿~𝑀4

• So if the mass increases by a factor of 2, the luminosity increases by 
a factor of 24 = 16.
• The exponent 4 works for stars with masses between 0.4 and 2 𝑀⊙. For 

other mass ranges, the exponent will be different, but the general rule that 
luminosity increases with mass is true for all stars.



Simulation

• The following simulation calculates the luminosity, as well as 
temperature, color, and other properties of stars, as a function of 
mass.

• It can be found at this URL:

https://applets.kcvs.ca/StarMaker/starmaker.html

https://applets.kcvs.ca/StarMaker/starmaker.html


H-R diagrams

• The Hertzsprung–Russell (H-R) diagram is a plot of stars according 
to two defining properties:
• Horizontal axis: temperature (or spectral class). Hotter temperatures are 

to the left.

• Vertical axis: luminosity (or absolute magnitude). Brighter luminosity is 
toward the top.

• H-R diagrams are very important in astronomy, because when stars 
are plotted on this diagram, we notice some interesting 
relationships and patterns.



A Hertzsprung–Russell diagram with 23,000 stars.
Credits: Richard Powell

• Clearly, the stars are not distributed 
randomly. They cluster into several 
main regions.

• Most stars are along the main 
sequence, the diagonal from the 
upper left (bright and hot) to the 
lower right (dim and cold).

• For stars on the main sequence, 
hotter temperature means more 
luminosity.



A Hertzsprung–Russell diagram with 23,000 stars.
Credits: Richard Powell

• On the upper right we find various 
types of giants.

• Giants have low temperature but 
high luminosity.

• The energy they emit per square 
meter of surface area is small, due 
to their low temperature.

• So for these stars to have luminosity 
equivalent to very hot main-
sequence stars, their total surface 
area must be huge.

• Therefore, giants are much larger 
than main-sequence stars.



A Hertzsprung–Russell diagram with 23,000 stars.
Credits: Richard Powell

• On the bottom left we find a few 
white dwarfs.

• White dwarfs have high 
temperature but low luminosity.

• By the same logic as for giants, 
white dwarfs must be very small, so 
they don’t emit too much light 
despite their very high 
temperatures.



Luminosity classes on the Hertzsprung–Russell diagram.
Credits: Rursus (Wikipedia)

• We can classify stars on the diagram into 
luminosity classes:
• 0 or Ia+: hypergiants (extremely 

luminous supergiants)

• Ia: more luminous supergiants

• Ib: less luminous supergiants

• II: bright giants (between normal 
giants and supergiants)

• III: normal giants

• IV: subgiants (less bright than giants)

• V: main sequence stars (sometimes 
confusingly called “dwarfs”)

• VI: subdwarfs (less luminous than 
main sequence stars)

• VII: white dwarfs

• We write the luminosity class next to the spectral
class, e.g. B2V is a main-sequence B2.



H-R diagrams

• Main sequence stars are sometimes called “dwarfs”. This is 
confusing because they’re not necessarily smaller than giants, and 
brown or white dwarfs are not on the main sequence.

• Dwarfs are categorized by color, but this definition is not very 
consistent; different sources define them differently.

• Red dwarfs: class MV, can also include cold KV and hot LV.
• The dimmest, smallest, and coldest main sequence stars; also the most 

common type of star.

• Temperature: ~2,000-3,900 K, mass: ~0.07-0.6 𝑀⊙.

• Example: Proxima Centauri (M5.5V).



Proxima Centauri, false-color image. It is the closest star to the Sun. Note the 4 diffraction spikes, distinctive of photos from the Hubble Space Telescope.
Credits: ESA / Hubble & NASA



H-R diagrams

• Orange dwarfs: class KV.
• Temperature: ~3,900-5,300 K, mass: ~0.6-0.9 𝑀⊙.

• Example: Alpha Centauri B (K1V).

• Yellow dwarfs: class GV.
• Temperature: ~5,300-6,000 K, mass: ~0.9-1.1 𝑀⊙.

• Examples: The Sun (G2V), Alpha Centauri A (G2V).

• Not really yellow; most GV stars, including the Sun, are actually white.



Alpha Centauri A (left) and B (right), a binary system. Together with Proxima Centauri (a.k.a. Alpha Centauri C), they form a triple star system.
Credits: ESA / Hubble & NASA



A comparison of the sizes and colors of the stars in the Alpha Centauri system with the Sun.
Credits: David Benbennick



H-R diagrams

• Yellow-white dwarfs: class FV.
• Temperature: ~6,000-7,600 K, mass: ~1.1-1.4 𝑀⊙.

• Examples: Gamma Virginis A and B (F0V)

• A dwarfs: class AV.
• Temperature: ~7,600-10,000 K, mass: ~1.4-2.1 𝑀⊙.

• Example: Vega (A0V).



When a star’s name contains a Greek letter and a constellation name, typically it is one of the main stars in the constellation. Here, Gamma (𝜸) Virginis is shown in the Virgo constellation.
Credits: Torsten Bronger



H-R diagrams

• The hottest main sequence stars are not usually called “dwarfs”, 
because they are larger than the colder main sequence stars.

• However, they are still not as large as giants.

• B-type main-sequence stars: class BV.
• Temperature: ~10,000-30,000 K, mass: ~2.1-16 𝑀⊙.

• Example: Algol A (B8V).

• O-type main-sequence stars: class OV.
• Temperature: ~30,000-50,000 K, mass: ~16-90 𝑀⊙.

• Example: 10 Lacertae (O9V).



H-R diagrams

• Giants are also divided into several color/temperature categories.

• Red giants: giants with the coldest temperatures.
• Spectral classes K and M, sometimes also G.

• Example: Arcturus (K1.5III).

• Yellow giants: giants with intermediate temperatures.
• Spectral classes G, F, and sometimes also A.

• Example: Sigma Octantis (F0IV).

• Blue giants: giants with the hottest temperatures.
• Spectral classes O, B, and sometimes also A.

• Example: Alcyone (B5III).



H-R diagrams

• We estimate that:
• ~90% of stars are on the main sequence.
• ~10% are white dwarfs.
• Less than ~1% are giants.

• It turns out that the different categories correspond to different 
stages in the lifetime of a star.

• Stars are created when clouds of dust collapse under their own 
gravity (we will learn more about this later).

• They then spend 90% of their lives in the main sequence.

• Giants and white dwarfs represent later life stages of stars.



Simulation

• We will explore the H-R diagram using a simulation.

• It can be found at this URL:

http://astronomy.nmsu.edu/geas/labs/hrde/hrd_explorer.html

http://astronomy.nmsu.edu/geas/labs/hrde/hrd_explorer.html
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