
CHAPTER 3 - cont. 
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	




Question: What are all these examples of ?? 

 

 

 
 

 

 





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

 
 

 

 

  

 

 

 

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

2. Remember, a gas has to be very hot (>1000’sK) to emit light on it’s own.  

dense 
material	




The Line Spectrum of the Sun 

•  Upon closer examination, 
the spectra of real stars 
show fine detail. 

•  Dark regions where there 
is relatively little light are 
called lines. 

T = 2900
!PK

Wien’s law                 (λpk in µm) 



Both the Sun and Ruchbah Show Continuous 
Spectra with Absorption lines.  

Dense Sun 
produces perfectly 
smooth Black Body 

Spectrum	


So there must be a Bright Blackbody Source, and then 
that light passes through some absorbing gas?	


Wait till Solar Eclipse, now I see that the 
Sun has a gaseous atmosphere!! 

 
 So the absorption lines come from the 

Sun’s light being partially absorbed in the 
gaseous Solar Corona.	




Atomic Fingerprints in the Sun’s 
Spectrum 

•  The has absorption lines with the wavelengths corresponding to iron, 
so there is an abundance of Iron in the Sun’s atmosphere. 



Spectra From a Range of Stars 

•  Different types of stars contain different 
absorption lines corresponding to different 
atmospheric compositions. 

•  **These stars have absorption lines with 
wavelengths corresponding to emission lines 
of hydrogen.** 

Hottest stars	


Coldest stars	


H-lines	


20,000K	


10,000K	


6,000K	


3,000K	


Hydrogen Balmer Lines	




Stellar Spectra 

1.  Black Body light from the 
dense star.  

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

 



… other Stellar Spectra 



… other Stellar Spectra 



Spectra of 4 different Stars 

Q. Are these spectra ordered from 
coldest to hottest, or hottest to coldest?? 



Stellar Spectra 



Stellar Spectra 
A	


B	


C	


Q. Order from Hottest to Coldest 
Answer: B, C, A	




Stellar Spectra 

A	


B	


C	
Q. Order from Hottest to Coldest 
Answer: B, C, A	




Emission and Absorption 

•  If you view a hot gas against a dark background, you see 
emission lines. 

•  If you view a continuous spectrum through cool gas, you see 
absorption lines. 



Glowing Interstellar Gas 

•  This cloud of gas looks red since its 
spectrum is a line spectrum from 
hydrogen gas. 	


Hα	
Hβ	
Hγ	
Hδ	




Tying things together: 
•  The spectrum of a star is approximately a black 

body spectrum. 
§  Hotter stars are bluer, cooler stars are redder. 
§  For a given temperature, larger stars give off more energy 

than smaller stars. Hotter stars are brighter than colder stars. 
§  However, a closer look reveals details in the spectra relating to the 

stellar atmospheres.	




The Doppler Shift:  
Measuring Motion 

 
 

We can determine how fast something is moving by listening 
to it (car, train..) or studying it’s light spectrum (stars). 

http://astro.unl.edu/classaction/animations/light/dopplershift.html 

http://www.youtube.com/watch?v=a3RfULw7aAY	




The Doppler Shift: Measuring Motion 

•  If a source of waves is not moving, 
then the waves are equally spaced 
in all directions. 



•  If a source of waves is moving, 
then the spacing of the wave crests 
depends on the direction relative to 
the direction of motion. 
§  The sound has a higher pitch 

(higher frequency) when the car 
approaches. 

§  The pitch is lower (lower 
frequency) as the car passes and 
moves further away. 

The Doppler Shift: Measuring Motion 



•  If a source of  light is moving away 
from us, the wavelengths are 
lengenthed, or “redshifted”. 

•  If a source of  light is moving closer 
to us, the wavelengths are 
shortened, or “blueshifted”. 

The Doppler Shift: Measuring Motion 



Radar Guns  

RADAR speed detectors bounce microwave radiation off of moving vehicles 
and detect the reflected waves. These waves are shifted in frequency by the 
Doppler effect, and the beat frequency between the directed and reflected 
waves provides a measure of the vehicle speed. 



 

•  Velocity is Positive if moving away from us, and Negative if moving 
towards us. 

•  Knowing the rest wavelength      and the wavelength observed,    , allows us to 
calculate the speed of the object. The size of the shift gives the speed. 
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Z is the Doppler shift, sometimes called the red shift. 

The Doppler Shift Equation: Measuring Motion 

! 

velocity = c "
(# $ #0)
#0

The speed of light: 
c=3 x 108 m/sec 

*note* - The Doppler method is only sensitive to 
(radial) velocities either directly towards/away 
from us. 
Q. Do we see a Doppler shift in the Sun?	


X	




Compare these spectra. 

Spectrum of Hydrogen in Lab  

Spectrum of a Star  

What do these spectra tell us about the star? 



Compare these spectra. 

Spectrum of Hydrogen in Lab  

Spectrum from a Star 

What do these spectra tell us about the star? 

λ0=486.11 nm	


λ=486.17 nm	




Compare these spectra. 

Spectrum of Hydrogen in Lab  

Spectrum from a Star 

What do these spectra tell us about the star? 

λ0=486.11 nm	


λ=486.17 nm	


Star.velocity = c! (! "!0 )
!0

= 3#108 (486.17" 486.11)
486.11

= +37.2km / s

The lines are redshifted: the star is moving away from us.  



Compare these spectra. 

What do these spectra tell us about the Star? 

Hydrogen in lab 

Star 



Compare these spectra. 

Spectrum of Hydrogen in Lab  

Spectrum of Star…..Day 1  

What do these spectra tell us about the star? 

Spectrum of Star…..Day 3  

Spectrum of Star…..Day 4  

Spectrum of Star…..Day 2  



Rapidly Rotating Star 

When viewed from Earth, the absorption lines becomes 
smeared and broadened.	




Applications of Doppler Shift Method 

1.  We can measure the masses of binary stars, by detecting the velocity changes as 
they orbit around their common center of gravity, and combining these velocities 
with the period of the orbit. 

2.  In the same way, we can look for evidence of massive planets in orbit around 
other stars, by searching for the small velocity changes in the central stars caused by 
their unseen planetary companions. This is not an easy thing to do.  

3.  Certain types of (Variable) stars have atmospheres that swell and shrink periodically. 
Using the Doppler technique, we can tell that such a star's surface may be 
moving at speeds up to 50 km/sec.  

4.  We can detect the rotation of the Sun easily enough by following the positions of 
SUNSPOTS, but the spectrum of the light from various regions of the Sun also shows 
this rotation. The equator at the Sun's east limb is approaching us at 2 km/sec, and 
the west limb is retreating from us at the same speed. The same thing happens in 
other stars. Some stars have equatorial speeds of 400 km/sec; if they spun any faster, 
they would break up! 

5.  Finally, when we look at the spectra of other galaxies far away, we can study the 
expansion of the universe since the Big Bang. 



Key Terms in Chapter 3 

absorption lines 
atom 
atomic number 
blackbody 
blackbody curve 
blueshift 
Bohr Model 
continuous spectrum  
doppler shift 

electron 
element 
emission lines 
excited state 
ground state 
luminosity 
neutron 
nucleus (of an atom) 
periodic table 

proton 
radial velocity 
redshift 
spectral analysis 
spectrograph 
Stefan-Boltzmann law 
transition  
    (of an electron) 
Wien’s law 
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velocity = c "
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Stefan Boltzmann Law      Wien’s law                Doppler Shift 


