
ATOMIC PHYSICS
CHAPTER 9 - FROM SPECTROSCOPY TO ATOMS

http://www.aip.org/
history/cosmology/tools/
tools-spectroscopy.htm

http://www.aip.org/history/cosmology/tools/tools-spectroscopy.htm


What We Will Study

• Basics of electromagnetic radiation 
- The AC generator, again 
- Propagation and antennas 
- The electromagnetic spectrum


• Basics of light spectroscopy 
- The prism light spectrometer 
- Stellar spectra


• Models of the atom 
- Early models 
- Bohr’s model and energy levels 
- Photons and Planck’s constant 
- The electron cloud model

Study Sections 9.1, 
9.3, 9.7 

Read other sections 
as necessary for 
background.



Remember The AC Generator
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Some Facts to Remember

• The time it takes for one cycle, (one revolution of 
the generator) is the period, τ , seconds per cycle.


• Frequency, f , is cycles per second, or 1/τ .


• Example: the AM radio dial starts at a frequency of  
550 kHz


• The electromagnetic waves all travel at the speed 
of light, c = 3.00 X 108 m/s, in vacuum.



Wavelength and Frequency

The speed of light is  c , m/s. 
The time of one cycle is τ , seconds. 
So, the distance traveled in on cycle is:

λ = cτ

fλ = c

You should remember this as:



The E/M Spectrum



The Spectrograph



Emission Spectrum of H2



Absorption Spectrum of H2



Stellar Spectra
• Scientist could associate spectra 

with the chemical elements 
(atoms), but why spectra?


• This required a new model of the 
atom.



Models of the Atom - Chemistry
Five main points of Dalton's atomic theory


	 1.	Elements are made of extremely small  
particles called atoms.


	 2.	Atoms of a given element are identical in  
size, mass, and other properties; atoms of 
different elements differ in size, mass, and 
other properties.


	 3.	Atoms cannot be subdivided, created, or  
destroyed.


	 4.	Atoms of different elements combine in  
simple whole-number ratios to form 
chemical compounds.


	 5.	In chemical reactions, atoms are combined,  
separated, or rearranged.

John Dalton

http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Chemical_compounds
http://en.wikipedia.org/wiki/Chemical_reactions


Models of the Atom: Electrons

J. J.Thomson



Models of the Atom: Nuclei

Ernest Rutherford



Models of the Atom: Quanta

Niels Bohr



The Photon, Plack’s Constant
• Photon energy (transition 

energy), ∆E = hf . 
• A photon is like a particle 

with kinetic energy ∆E . 
• h = Planck’s constant.

• f  = frequency of the light 

photon.

ΔE = hf

h = 6.63×10−34  J ⋅s



Energy States in Atoms

1. Atoms absorb or emit electromagnetic radiation 
only in discrete quantities of energy called 
quanta.


2. When an atom absorbs or emits quanta, we say 
that the atom has changed energy state.


3. The lowest energy state, from which no energy 
can be emitted, is called the ground state.


4. States other than the ground state are called 
excited states.

Remember these principles



Emission / Absorption Models
In emission, a change from higher to lower energy 
state, the electron “falls” converting electrical 
potential energy to a photon of light.



Emission / Absorption Models
In absorption,  a photon of light knocks an electron 
up to a higher “orbit”, putting the atom in a higher 
energy state. Electrical potential energy is now 
stored in the atom, so to speak.



Quantized Energy States

Consider the Balmer 
transition from n = 3 to n = 2. 

How much energy is 
released by the atom?

What frequency (color) of 
light is seen?

This is the “explanation” of 
spectra! 
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How Much Energy?
E3 = 19.3×10−19  J
E2 = 16.3×10−19  J

ΔE = E3 − E2 = 3.00 ×10−19  J

!
21.8!

!
20.4!
19.3!

!
16.3!

!
!
!
!
!
!

0.00

En
er

gy
 in

 J
ou

le
s 

(X
 1

0-
19

)



What Color?
ΔE = hf

f = ΔE
h

f = 3.00 ×10−19  J
6.63×10−34  J ⋅s

f = 4.56 ×1014  Hz

λ = c
f
= 3.00 ×108  m/s

4.56 ×1014  Hz

λ = 0.658 µm = 658 nm
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Electron Cloud Model
I call it the resonance model.

• Resonance: Musical instruments produce sound 
waves via resonance.


• A cavity, such as an organ pipe is a resonant 
cavity. 


• A guitar string vibrates at only certain resonant 
frequencies


• Electrons confined to an atom are resonant waves 
by analogy.


• Electrons behave as waves! (The flip-side of light 
behaving as particles.)



Pipe Organ Example



Resonant Modes
PipesStrings



Electrons As Resonances
Quantum theory, or “wave mechanics” is needed to 
model the modes of electrons in multi-electron 
atoms.



Cloud Model of Hydrogen
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