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What, Why & Why Me?

• What? Astrophysics!

• Why? Astronomy is a quantitative 
science and that means it is mathematical.

• Why Me? I am a student, not an expert, at 
astrophysics.



Question?

★ How can you possibly 
describe a star with math?



Overview

• Qualities, quantities, equalities and 
proportionalities

• Light

• Stars

• Galaxies

• Cosmology



Qualities vs. Quantities

• When we speak qualitatively we say 
things like “The sun is hot” or “the 
Andromeda Galaxy is a very long ways 
away.”

• When we speak quantitatively we say 
things like “The surface of the sun is 5500 
degrees” or “the Andromeda Galaxy is 2.9 
million light years away” 

We can measure quantities.



Equality and 
Proportionality

• An equation is a quantitative statement of 
equality because two different expressions.

• A proportionality is a qualitative statement 
of dependence of one quantity on another.

t is time
x is distance
v is velocity



Let There Be Light

Light is a wave.

Lambda is the wavelength of 
light.

The bigger lambda is the longer 
the wavelength is and the redder 
the color is.



Let There Be Light
Light is a particle called a 
photon.

The energy of a photon is 
inversely proportional to the 
wavelength of the light.

The momentum of light is equal 
to Planck’s constant divided by 
the wavelength of the light.





Stellar Properties

• Mass

• Radius

• Temperature

• Luminosity

• Color

• Distance



Star Formation: The Jeans Mass

When a star forms from a gas cloud there is a minimum 
mass of material that must be available to overcome the 

thermal motion of the particles.
for example:

100,000 H2 atoms at 50˚K (-220˚C)
MJ=76 solar masses



Stars
The Energy is 
proportional to the 4th 
power of the temperature.

The Luminosity is 
proportional to the square 
of the radius and the Energy.

The Flux is inversely 
proportional to the square 
of the distance.



Stars

The difference in magnitude of two stars is 
proportional to the logarithm of the 

proportion of the fluxes.



Dust

The temperature of a dust 
grain is related to the 
temperature and radius of the 
star it orbits and its distance 
from the star.

This equation can be solved 
for the distance as a function 
of the temperature of the dust 
grain.



Dust

Water freezes at 273˚K.
Water boils at 373˚K.

Earth is 1.0 A.U. from the Sun.
Conclusion: Liquid water is not possible on earth.

Oops! The 
temperatures here 
should be reversed.



Orbits

Using first principles you 
can find an equation to 

calculate the mass of, say, 
the Sun or the Earth based 
on the speed and distance 

of an object orbiting it.



Spectroscopy

Stars have “fingerprints” which 
we can read in their spectrum.



Doppler Shift

You can measure the velocity of an object 
towards or away from us by measuring the 

doppler shift of the spectrum.



Stellar Old Age
• Low Mass Stars

• Red Giants

• Planetary Nebula

• High Mass Stars

• White Dwarfs

• Neutron Stars

• Supernova

• Black Holes



Black Holes
The escape velocity is 
proportional to the Mass and 
inversely proportional to the 
Radius.

If you set v to the speed of light 
(c) and solve for the radius you 
get the radius at which a black 
hole forms.



Red Shift

The red shift, z, is a measure of distance based 
on recession velocity.



The Galaxy: Rotation



The Galaxy: Rotation



The Expansion of the 
Universe



The Expansion of the 
Universe

When we measure the 
red shift we can 
calculate the distance.



The Big Bang

Using the current estimate of H0 we get an age of the 
universe of 14 billion years.



How to explain stars with 
math...



Conclusion

• This has been the tip of the iceberg – 
astrophysics is complicated!

• But it is very, very cool.

• Thank you.


