




We will learn about…

• How star brightness is measured.

• Light and the electromagnetic spectrum.

• What the colors of the stars mean.

• What we can learn about stars by analyzing their light.

A long-exposure photo showing stars moving around the south celestial pole. Each circle is the path of an individual star across the sky. Note the different colors of the stars.
Credits: ESO/A.Santerne



Star brightness

• Let’s start by reviewing some units.

• The standard unit of energy is called joule (J).
• 1 J is the energy required to accelerate a 1 kg mass at 1 m/s2 over a 

distance of 1 m.

• Power is energy per unit time, and is measured in watt (W).
• 1 W =  1 J/s (1 joule per second).

• A 100 W lightbulb consumes 100 J every second.



Star brightness

• The luminosity of a star is the total amount of energy it emits per 
second in the form of light.
• We can also measure the luminosity of other astronomical objects, like 

galaxies.

• Luminosity is measured in watts.

• The Sun’s luminosity is 𝐿⊙ = 3.828 × 1026 W (a.k.a. solar 
luminosity).
• The symbol ⊙ in astronomy represents the Sun.

• For example, 𝑀⊙ ≈ 2.0 × 1030 kg is the Sun’s mass and 𝑅⊙ ≈ 7.0 × 108 m
is its radius.



Star brightness

• It’s convenient to measure the luminosity of stars and other 
astronomical objects in terms of 𝐿⊙.

• For example, BAT99-98, a star in the Large Magellanic Cloud, is one 
of the most luminous stars known, at ~5,000,000 𝐿⊙.

• On the other hand, 2MASS J0523-1403, a very faint star, has a 
luminosity of only ~0.0001 𝐿⊙.



Star brightness

• The apparent magnitude of a star measures how bright it is as 
observed from Earth.

• It depends on several factors:
1. The star’s luminosity.

2. The star’s distance from Earth, since light dims with distance.

3. Interstellar dust along the line of sight from Earth to the star, since it can 
block some of the light.

• The star’s luminosity is an objective property of the star, while its 
apparent magnitude is subjective; it will be different when 
observed from different planets.



Star brightness

• When a star emits light, it is emitted in all directions.

• The light that we see on Earth is just the portion of light that 
happened to be emitted in our direction. We never see all the light 
from the star.

• Also, as light gets farther away from the star, it spreads out over a 
larger area.

• The farther we are from the star, the less of its total light we see.



Star brightness

• The brightness of light decreases based on an inverse-square law.

• This is because light is emitted from the star in the shape of a 
sphere that increases in radius as the light moves away.

• The surface area of a sphere with radius 𝑟 is 𝐴 = 4𝜋𝑟2.

• The area increases as the radius increases, but the total amount of 
light in the sphere always stays the same.

• The light spreads out over the entire area. So there is less and less 
light per unit area as the radius increases.

• This means that the brightness of light is inversely proportional to 
the square of the radius.



Illustration of the inverse square law. As the light gets farther away from the source, it spreads over a larger area, so the amount of light per unit area decreases as the square of the distance.
Credits: Borb (Wikipedia)



Video

• This video explains the inverse square law for light.

• It is taken from the video at this URL:

https://youtu.be/2FMx2GDqMo4

• However, we will only watch from around 1:02 to 2:20.

https://youtu.be/2FMx2GDqMo4


Class demonstration

• I will demonstrate the inverse square law of light experimentally, 
using a flashlight and measuring tape.



Star brightness

• We can see an example of the inverse square law of light in the 
solar system.

• The distance from the Sun to Earth is 1 AU ≈ 150,000,000 km.

• The distance from the Sun to Neptune is ~30 AU.
• So Neptune is ~30 times farther away. This means that the Sun is ~302 =

900 times less bright on Neptune compared to Earth.

• On the other hand, Mercury is ~0.4 AU from the Sun.
• So Mercury is ~2.5 times closer. This means that the Sun is ~2.52 = 6.25

times brighter on Mercury compared to Earth.



Pop quiz

• A star is located 10 ly away from Earth. How bright will the same 
star look to aliens living on a planet 30 ly away from the star?

A: 3 times less bright

B: 9 times more bright

C: 9 times less bright



Pop quiz

• The correct answer is:

C: 9 times less bright

• The alien planet is 3 times farther from the star compared to Earth, 
so it is 32 = 9 times less bright.



Pop quiz

• A star is located 10 ly away from Earth. How bright will the same 
star look to aliens living on a planet 5 ly away from the star?

A: 2 times less bright

B: 4 times more bright

C: 5 times less bright



Pop quiz

• The correct answer is:

B: 4 times more bright

• The planet is 2 times closer to the star compared to Earth, so it is 
22 = 4 times brighter.



Star brightness

• Apparent magnitude is measured using the magnitude scale.

• The brighter an object is in the sky, the lower its apparent 
magnitude on this scale.
• This is for historical reasons.

• It also means the brightest objects have negative magnitudes, because 
negative numbers are lower than positive numbers on the scale.



Star brightness

• The Sun: −26.8

• Full Moon: −12.7

• Venus: −4.1

• Jupiter: −2.2

• Sirius (brightest star): −1.5

• Vega: +0.03

• Betelgeuse: +0.5

• Bellatrix: +1.6

• Polaris: +2.0

• Mintaka: +2.2

• Andromeda Galaxy: +3.4

• Vesta (asteroid): +5.2

• Neptune: +7.8

• Proxima Centauri (closest star): +11

• Charon (moon of Pluto): +15.6

• Fenrir (tiny moon of Saturn): +25

Some apparent magnitudes as seen from Earth, from brightest to dimmest:



Star brightness

Apparent magnitude can tell us about the visibility of the object:
• Under −25: So bright it’s painful to look at.

• Under −4: Visible to the naked eye during the day.

• Under −2.5: Visible during the day when the Sun is very low in the sky.

• Under +3.5: Visible to the naked eye at night from an urban neighborhood.

• Under +6.5: Visible to the naked eye under very good visibility conditions.

• Under +9.5: Visible using binoculars.

• Under +27.7: Visible to the Subaru Telescope in Hawaii (10-day exposure).

• Under +31.5: Visible to the Hubble Space Telescope (23-day exposure).

• Under +34: Visible to the James Webb Space Telescope.



Star brightness

• The absolute magnitude of an object is defined as the apparent 
magnitude it would have if viewed from a distance of 32.6 light-
years without any dimming due to interstellar dust.

• Therefore, absolute magnitude is objective, like luminosity. It 
doesn’t depend on how the star is viewed from Earth.

• For example:
• Betelgeuse has an apparent magnitude of +0.5 as seen from Earth, but an 

absolute magnitude of −5.85.
• Vega has an apparent magnitude of +0.03 and an absolute magnitude of 

+0.58. So Vega looks to us brighter then Betelgeuse (lower apparent 
magnitude) but is actually much less bright (higher absolute magnitude).



Simulation

• I will show how to use Stellarium to find the magnitudes of 
different objects in the sky.

• This software is available for free at this URL:

https://stellarium.org/

https://stellarium.org/
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