
CHAPTER 3 
Atomic Physics and Spectra 

Topics…	

l The origins of electromagnetic radiation	

l The structure of atoms	

l Stars with different surface temperatures emit different 
intensities of electromagnetic radiation	

l Astronomers can determine the chemical compositions of 
stars and interstellar clouds by studying the wavelengths of 
electromagnetic radiation that they absorb or emit	

l How to tell whether an object in space is moving toward or 
away from Earth	




The Spectrum - a way to analyze light 

•  A graph of the intensity of light vs. the 
color (e.g. the wavelength or 
frequency) is called a spectrum. 

•  A spectrum is probably the single most 
useful diagnostic tool available in 
Astronomy. 

Method 1 - Prism  
used to spread out the light 
into it’s component colors. 

(Newton -1672!)	




Method #2 – 
Diffraction 

Grating 
Like a Prism, a diffraction 
grating is used to spread out 
the light into it’s component 
colors. 
 
Used in a telescope, the light 
spectrum is directly captured 
on a CCD Camera. 
 
 
 
So what do we see when we 
look at a star and obtain it’s 
spectrum? 
 http://www.youtube.com/
watch?v=jOw7k8U2yUo 



2 Different Types of Light Spectra 
Continuous Spectrum – Dense Objects ���

 

   	
 	
   Continuous Spectrum	

the intensity varies smoothly from one wavelength to the next. 

   	




Emission Spectrum of Hydrogen Gas 
Signature wavelengths appear as bright lines on an otherwise black 
background. Lines appear as peaks in the intensity-versus-wavelength graph. 

2 Different Types of Light Spectra 
Discrete or line spectra - Gases 

���
 



 2 Different Types of Light Spectra 
 
 
               Let’s look at 
  
1. Hydrogen Gas 
2. Sunlight out the window. 



Continuous (Thermal) Spectra 

•  Any dense body will emit a continuous thermal spectrum.  
–  The “color” depends only on the temperature; 
–  The total intensity depends on the temperature and the size of the body. 

•  This type of radiation is often called “black body” radiation. 



Dr. Phil Segre 

Hotter stars are bluer 
colder stars are redder 

Observing 
Lab #1 



Dr. Phil Segre 

Hotter stars are bluer 
colder stars are redder 



Hotter stars are 
bluer  

colder stars are 
redder 



Dr. Phil Segre 

Hotter stars are 
bluer  

colder stars are 
redder 



Black body radiation 

•  Every solid, or dense, object emits 
radiation. People, chair, plastic cup… 
earth, moon, sun… 

•  Sample spectra from black bodies of 
different temperatures. Note that the 
area under the curves is largest for 
the hottest temperature. 

•  There is always a well-defined peak, 
which crudely defines the “color”. 
The peak is at bluer wavelengths for 
hotter temperatures. 

http://phet.colorado.edu/sims/blackbody-spectrum/blackbody-spectrum_en.html 



•  T=5700 K, Temperature of 
the Sun’s Surface.	


•  λpk=510 nm. (visible)	


	

	

•  T=310 K, Temperature of the 

Human Body.	

•  λpk=9350 nm. (invisible)	

	

	




Peak of Blackbody Spectrum 

•  The peak of the spectrum is inversely proportional to 
the temperature (hotter objects are bluer): 

•  Hotter objects are bluer than cooler, redder, objects. 

T = 2900
!PK

The Temperature T of an object 
vs. Peak Wavelength λPK (µm). 

T=5700 K, Temperature of 
the Sun’s Surface.	


λpk=510 nm=0.51 µm.	


!PK =
2900
T

Wien’s law 	




The Brightness, or Luminosity, of a Black Body 

•  The Luminosity L (energy emitted per time, which is Watts) of a 
black body is proportional the surface area A times the temperature 
to the 4th power: 

•  Hotter objects have higher intensities (for a given area), and larger 
objects have higher intensities (for a given temperature). 

Sphere 	

Area A=4πR2	


L =! 4"R2T 4

The Sun emits 
L=4x1026 Watts	


 Lhuman~100W, or 
2000 calories/day.	


Stefan-Boltzmann	

Constant	


σ=5.67x10-8 W/m2K4	


Stefan- 
Boltzmann 

law 	




Cameras sensitive to infra-red radiation, (λ= 5-15 microns)	


Other Examples of Black Body Radiation 

!PK =
2900
T L =! 4"R2T 4



Light Spectra 
of Stars 

We can estimate the 
surface temperature of a 
star by examining the 
intensity of emitted light 
across a wide range of 
wavelengths. 	




•  The Sun emits light that is close to an ideal blackbody.  

•  We can estimate the surface temperature of a star by examining the 
intensity of emitted light across a wide range of wavelengths.  

•  Question: What are the lines in the Sun’s spectrum, and what 
can they tell us?? 

Spectra of the Sun 



2. The Line Spectrum 

The light (photons) that make up the 
spectral lines are emitted by the 
motions of electrons in atoms. 

Hydrogen 



Hot Gases Produce Discrete Lines 

•  Atoms are the basic blocks of 
matter. 

•  In the 1850s, it was discovered 
that an element, when burned, 
gave off a unique emission line 
spectrum. 



All Matter is Made of Protons, 
Neutrons and Electrons 

•  Atoms are the basic blocks of matter. 
•  They consist of heavy particles (called 

protons and neutrons) in the nucleus, 
surrounded by lighter particles called 
electrons. 

•  The nucleus is very tiny. 
•  The number of protons determines the 

element. For example hydrogen has 1 
proton, helium has 2 protons, uranium has 
92 protons, etc. 

•  In most cases, the number of electrons 
equals the number of protons. 

 

+	
 +	


Helium Atom	




Bohr Model of the Atom 
(1913) 

Electrons bound to atoms have discrete orbits and 
energies (i.e. not all energies are allowed). 



•  Electrons have discrete orbits and 
energies. 

•  A photon of light is given off when an 
electron drops down from a higher energy 
orbit to a lower energy orbit. 

How Light is Produced by an Atom 

Remember: E=h x f 
	


so (E2-E1)=h x f	




•  When an electron moves from a lower to a higher energy level, a photon is absorbed.  

•  When an electron moves from a higher to a lower energy level, a photon is emitted.  

•  The energy of the photon, and thus its wavelength, is determined by the energy 
difference between the two energy levels.  

Absorption and Emission of Photons by a H Atom	




•  The Balmer series of lines are the ones that produce visible light. 

•  Temperature of gas is important too. 

Hydrogen Atom Energy Levels	
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Most electrons here 
in cold H gas.	




Balmer Line Spectrum of 
Hydrogen 

(must begin or end on the n=2 level) 

Visible light 
400-700 nm 

4000-7000 A	
o	




 
• Each element has its own 
unique pattern of energies, 
hence its own distinct line 
spectrum. 

Hydrogen + Helium 



Light Spectra of Various Gases 
Every element produces a unique light spectra 



Three types of spectra: continuum, emission line, and 
absorption line.  

 
 

 

 

  

 

 

 

 

Thus when we see a spectrum we can tell what type of source we 
are seeing. 

 

dense 
material	




Stellar Spectra 

1.  Black Body light from the 
dense star.  

2.  Absorption lines from 
star’s atmosphere, which is 
comprised of Hydrogen. 

 



Stars have a 
continuous 

spectrum with 
absorption lines. 

Gases around the 
Sun absorb photons 


