
AST 101  
Intro to Astronomy:  

Stars & Galaxies  
ANNOUNCEMENTS:

Please register your clicker on Blackboard 
(Under “Tools” :Turning Point Registration) 

Graded clicker questions will start today 
 
Slight policy change:  
Quizzes either on Tue or Thu 
One quiz can be missed with no penalty 



            SO FAR: 
 

                           NEXT: 
 

 



Light as Information Bearer through 
its interaction with matter 

   By studying the spectrum of an object, we can learn its: 
•  Composition 
•  Temperature 
•  Velocity 

We can separate light into its different wavelengths (spectrum). 



Matter: a Material World 
 
•  ATOM: nucleus made of protons and neutrons 
 
A cloud made of electrons surrounds the nucleus 
 
Electrons are held onto the atom by electric force. Electrons have 

negative electric charge, protons are positive. Neutrons are 
neutral. 

 
Electrically neutral atoms have the same number of protons and 

electrons 

But first we need a review of… 



Atoms Involve Big Empty Spaces 



Periodic Table of the Elements 

Atomic Number = # of protons in nucleus 
Atomic Mass Number = # of protons + neutrons 



Hydrogen: simplest and 
most common 



Helium 



•  Mostly an atom will have a certain “normal” 
number of neutrons along with the protons.  

 
•  But occasionally, an atom will have a few 

more or less neutrons than normal. This is 
called an isotope of that element. 

The number of protons (atomic number) �
 characterizes a certain chemical element.�
 



Carbon Isotopes 



Deuterium is an isotope of Hydrogen. 
Which of the following makes sense 
for the composition of Deuterium?   

A.  1 proton, 0 neutrons, 1 electron 
B.  2 protons, 0 neutrons, 2 electrons 
C.  2 protons, 2 neutrons, 2 electrons 
D.  1 proton, 1 neutron, 1 electron 
E.  1 proton, 0 neutrons, 0 electrons 

Clicker Question 



Deuterium is an isotope of Hydrogen. 
Which of the following makes sense 
for the composition of Deuterium?   

A.  1 proton, 0 neutrons, 1 electron 
B.  2 protons, 0 neutrons, 2 electrons 
C.  2 protons, 2 neutrons, 2 electrons 
D.  1 proton, 1 neutron, 1 electron 
E.  1 proton, 0 neutrons, 0 electrons 

Clicker Question 



p+ 

atomic number = 1 
atomic mass number = 1 

What if an electron is missing? 

ion 

H+1
 



What if two or more atoms combine to 
form a particle? 

p+ p+ 
8p+ 
8n 

molecule 

H2O (water) 



Light and Atoms 

•  Light interacts with atoms in specific 
ways 

•  Allows us to measure properties of the 
gas such as composition & temperature 

•  The key: the spectrum of an object  
(intensity as a function of wavelength) 



•  How can we use spectra to determine the 
composition of a distant object? 

•  How can we use spectra to determine the 
temperature of distant objects? 

•  How can we use spectra to tell us how fast 
something is moving? 

Our goals for learning: 



Energy Levels  in Atoms 
Electrons in atoms do NOT “orbit” around the nucleus 
like little planets - their position better described by 
probability waves 
 
However, they do move in different “energy states” – 

some electrons in a given atom have more energy 
than others 

 
These energy states are “quantized”– there are only 

certain energies that the electrons are allowed to 
have. This is quantum physics. 



Example of electron energy 
states in a hydrogen atom 

•  Lower level is lower 
energy.  

 
•  Units: 1 electron-

volt (eV) =  
•  1.6 x 10-19 Joules =  
      TINY 
 
Each electron in each 

element has its 
own particular 
pattern of energy 
levels: elemental 
fingerprints! 

 



Electrons can move 
between levels if they 
are given or give out the 
exact amount of  energy 
corresponding to the 
difference in the energy 
levels.  

 
For hydrogen, if an 

electron at level 1 
(Ground state) is given 
more than 13.6 eV of 
energy, the electron will 
fly free (ionize) 

 
Example: Energy jumps A, B and C 
allowed;  D is not possible for this 
atom. E ionizes the atom with an 
energy gain of >3.4 eV 

How do electrons move between levels? 



Where does that energy come from (energy 
increase) or go to (energy decrease)?? 

•  The energy change 
between levels is 
equal to the energy 
of the photon. 

•  Larger energy jumps 
will be SHORTER 
wavelength photons! 

PHOTONS! 



Emission Spectra 

•  Emission for thin, hot gas where electrons are “excited” (in high 
energy states). Gas glows in specific colors. 
–  This is our FINGERPRINT of the elements in the gas! 

•  Will eventually lose thermal energy through emitting photons, 
and cool! 



•  Each atom has a different set of energy levels à 
different spectrum 

•  spectra using a diffraction grating 



Spectrum shows bright 
emission lines from various 
elements The Crab nebula: 

remains of an  exploded 
star (supernova) 



•  Each atom has a different set of energy levels à 
different spectrum 

•  Identification of spectral lines allows to 
determine the composition of a celestial object 



Most common visible light 
emission line: 

•  Hydrogen Alpha (Hα)     ^    
•  N=3 to n=2 energy jump  
          at 656.3 nm 

•  The universe is mostly red!! 



Absorption Spectrum 

•  If light with a continuous spectrum shines through a cloud of 
COOL gas with electrons in low-energy states, the gas can 
absorb photons OF THE RIGHT ENERGIES to move 
electrons to excited states 



•  Resulting spectrum shows DARK LINES of 
absorption. 
–  Corresponds to wavelengths where the atom has 

absorbed a photon and excited an electron to a higher 
energy state 

•  Why don’t we see those atoms re-emit the same 
photon when they de-excite? 
–  Atoms WILL emit these photons again and electrons 

fall back to ground state, BUT photons will be 
scattered in all directions and so most will be lost from 
our sight 


