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Observation in Astronomy
Normally we can use all five of our senses to observe something 
on Earth. We can use tools to weigh it, measure its size and its 
temperature. We can use chemistry to learn about its 
composition. 

In astronomy we are almost always limited to just what we can 
see and only from one perspective.  

We have sent people to the Moon and brought back Moon rocks. 
Three robotic missions have successfully brought back samples 
from astroids and a comet. And we have sent landers to Mars, 
Venus and Titan. 

Otherwise, almost everything we know about astronomy comes 
only from observing radiation.



Electromagnetic Radiation

Electrical forces between charged objects. 

Magnetic forces between moving charges. 

Changing electrical forces can make magnetic forces 
and changing magnetic forces can make electric forces.  

The two can combine and make an electromagnetic 
wave.



Waves
Waves are a common phenomena in nature. They occur when 
something pushes or pulls something else and then that push or 
pull is transmitted to the next thing. 

Common waves or musical instruments, sound waves, ocean 
waves, earthquakes. 

Waves can be described by their frequency, wavelength, 
amplitude and velocity.  

The wave equation states that the frequency times the 
wavelength for a wave is equal to its velocity.

frequency × wavelength = velocity





λ



Electromagnetic Waves

Electromagnetic or EM waves are waves of electrical 
and magnetic force.  

They are emitted when charged things accelerate.  
Since atoms have charges, this is also by anything that 
has temperature.  

All electromagnetic waves have the same velocity, the 
speed of light, c=3 × 108 m/s.





The energy in a wave generally falls off as the distance 
squared. The farther away one is the less energy one 

gets and for light that means it looks fainter. 

flux = L/(4πd2)



EM Spectrum

Because all electromagnetic waves have the same 
speed, one can describe them by either their 
wavelength (λ) or frequency (f).  For other waves this 
is not true. 

But for EM waves a frequency corresponds to a 
unique wavelength and a wavelength to a unique 
frequency.

f = c/λ or λ = c/f  



Visible light is a 
very small part of 

the spectrum
From the wave equation we can 
always convert frequency into 

wavelength λ = c / f

There are many types 
of electromagnetic 

waves; radio, 
microwave, infrared, 
visible, ultraviolet, X-
ray and gamma rays. 

Sometimes these are 
all called light, they 

are all 
electromagnetic waves 

and only differ by 
their wavelength. 



Most radiation 
can’t get to Earth. 
This is a good 

thing for life, but 
a bad thing for 

astronomy.

https://www.youtube.com/watch?v=cfXzwh3KadE

https://www.youtube.com/watch?v=cfXzwh3KadE


The Sky in X-rays



Temperature Scale
There are 3 main temperature scales: 

Fahrenheit - mostly used in US, no one else likes it.  

Celsius - used in the rest of the world, better because 0 
is when water freezes and 100 is when water boils. 

Kelvin - scale used in science. 0 is the coldest anything 
can be absolute zero, meaning no motion of atoms.  

We will mostly be using kelvin, which only differs from 
Celsius by being set 273 degrees higher. 



Blackbody Radiation
All objects emit radiation because of their temperature. 
The exact radiation depends on the substance. 

Physicists discuss the idealized case of radiation 
emitted from a blackbody which is what you would get 
just because of temperature and not because of the 
substance.  

The peak of blackbody radiation is inversely 
proportional to the temperature. 

The total flux of blackbody radiation goes at 
temperature to the fourth power.







Properties of Light

Reflection - light will reflect off of some surfaces. 

Refraction - light will bend going through some 
objects 

Dispersion - light can bend a different amount 
depending on its wavelength



Refraction and Dispersion



Properties of Light

Reflection and refraction are used in telescopes to 
gather light from a large area and focus it onto y0ur 
eye or a detector. 

Dispersion is used to break up light into many 
wavelengths and thus measure how much light is 
coming from each wavelength. This is called a 
spectrograph.



A spectrograph 
spreads light out 

into its many 
wavelengths.



Spectrograph

A spectrograph shows us that astronomical objects are 
not blackbodies, but have more and less light at 
specific frequencies.  

These are called spectral lines and they have to do 
with what atoms are in an object. 

Spectral lines are very useful in learning about 
distant objects.





Atoms
Spectral lines occur because atoms are electrons 
orbiting a nucleus. 

The nucleus contains protons and neutrons. The number 
of protons determine what atom you have. The number 
of neutrons determine the isotope.  

Different isotopes have different masses and may be 
radioactive, but otherwise behave the same. 

A neutral atom will have the same number of electrons 
and protons.



Different isotopes of hydrogen. They are 
basically the same but deuterium is twice as 

massive and tritium is three times as massive.



Electron Orbits 
The electrons in an atom orbit the nucleus, kind of 
like the way the planets orbit the Sun. 

Except it isn’t like this at all because of quantum 
mechanics. Instead, the electrons are in a probability 
wave that is in many places at once. However, what 
matters is that they can only have certain energies in 
their orbits.  

So when an electron changes orbits it is by a fixed 
energy which is what causes the atomic spectra.



Electrons move to fixed energy levels in an atom





The Doppler Effect
An additional property of light and all waves for 
that matter is that the frequency of a wave will shift 
if the source of the wave, or an observer is moving. 

Light moves so fast that on Earth you never notice 
this, but sound is much slower and you can hear this 
effect from fast moving objects like planes, train 
and cars. 

When something moves towards you the frequency 
goes up and when it moves away the frequency goes 
down.






