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Next Time
•Read Chapter 2 (focus on Sections 2 
through  4) 

•More about types of spectra
•Where light comes from
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Goals
•How does light interact with matter, both 

“macroscopically” and “microscopically”...

•What exactly happens when an atom (really an 
electron) absorbs/emits light?

•What happens inside dense material that is 
different and results in a continuous 
spectrum?

•What are the properties of the continuous (aka 
thermal) spectrum?
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Unexpected Detour

•Atomic Structure
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Electron Waves
•DeBroglie envisioned the classical electron 
orbiting an atom as a standing wave.

•The electron can only reside at certain 
distances from the nucleus... called 
orbitals.
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How Energy is Stored in Atoms: 
Electric Potential Energy

•Electron and Proton 
want to “fall into each 
other” ... they must 
have electric potential 
energy between them 
(the ability to make 
electron move)

•Electrons in higher 
orbitals have higher 
energy.
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Electron Chaning Orbits in Atoms

•Electrons can only 
make jump between 
energy levels if they 
gain/lose the exact 
amount of energy to 
jump between 2 
orbitals.

•KEY POINT: 
Electrons jump 
between energy 
levels by absorbing or 
emitting energy in the 
form of light!
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Clicker Question
•In what ways is an electron “orbiting” the 
nucleus of an atom like a planet orbiting 
the Sun?

(A)Both are held in orbit by a force.
(B)The smallest orbits are the most tightly held.
(C)If you give an electron or a planet more 

energy it will move to a bigger orbit.
(D)If you give an electron or a planet enough 

energy it can break free.
(E)All of the above.
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Clicker Question
•In what ways is an electron “orbiting” the nucleus 

of an atom different from a planet orbiting the 
Sun?

(A)The central force is electromagnetic (+ and - charges 
attract), not gravity.

(B)Electron Orbitals are allowed only in certain sizes 
(they are quantized).

(C)An electron can only change its distance from the 
nucleus by making a transition directly from one orbital 
to another (or completely escaping the atom).  Planets 
can change the size of their orbits smoothly given the 
right amount of energy.

(D)All of the above.
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Lecture Tutorial 

•In this picture the size of orbit also 
represents energy. 

•Do the "Light and Atoms" tutorial 
(p. 45 – 50).
•
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Lecture Tutorial Review

•Electrons have limited orbits available to them.

•A change in orbit is a change in energy.

•Change in energy represents emission or 
absorption of light (depending on whether 
electron energy decreased or increased).
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Clicker Question

•In which atom or atoms is emission taking 
place?

(a)A
(b)B
(c)C
(d)A and C
(e)B and D
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Clicker Question

•Which atom would emit light with the 
greatest energy?

(a)A
(b)B
(c)C
(d)D
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Clicker Question

•Which atom would emit light with the 
least energy?

(a)A
(b)B
(c)C
(d)D
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Clicker Question

•Which atom would absorb light with 
the shortest wavelength?

(a)A
(b)B
(c)C
(d)D
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Clicker Question
•If an electron in an atom moves from an 
energy level of 3 units to an energy level of 
6 units,  

a)a photon of energy 3 units is emitted. 
b)a photon of energy 2 units is emitted. 
c)a photon of energy 3 units is absorbed. 
d)a photon of energy 2 units is absorbed.
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Example: Hydrogen Spectra

Emission
(Electrons drops to lower level 
→ loses energy → gives off 
photon)

Absorption
(Electrons absorbs photon → 
gains energy → 
electron jumps to a higher level)

In hydrogen the 
electron orbitals 
have this spacing ...

This spacing is 
unique to 
hydrogen.
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Key Point about 
Emission/Absorption Spectra

•Emission Spectra let you identify the 
elements the light was created in.

•Also tells you the electrons in those elements were 
“energized” to start with (likely hot).

•Absorption Spectra let you identify 
the elements the light passed 
through.

•Also tells you the electrons were not that 
“energized” to start with (likely cold).
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Clicker Question

• Why does Rigel  look 
blue-white whereas 
Betelgeuse looks red?

(a)Rigel is made up of 
more Hydrogen than 
Betelgeuse and 
Hydrogen gives off 
red light. 

(b)Rigel is hotter than 
Betelgeuse. 

(c)Betelgeuse is hotter 
than Rigel.

(d)Betelgeuse is 
located behind a dust 
cloud which makes it 
look redder (like a 
sunset).

© Akira Fujii/David Malin Images

Rigel

Betelguese

The Orion Nebula
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Blurring the (Spectral) Lines

•For Dense Material the different atoms 
are close enough that the electron potential 
energy levels get randomly changed…

•Spectral lines blend into a CONTINUOUS aka 
THERMAL spectrum.
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Behavior of the Thermal Spectrum 
[in “Real Life”]

•Imagine an electric range.  What happens 
to the color and energy output of the 
range as it gets hotter?

•Color: 
•Lower temperature: gives off infrared (you feel 

this) ... 
•Higher temperature: gets dull red, then red, then 

orange if you heat it more.

•Energy Output: 
•Low temperature: gives off very little energy.
•Higher temperature: gives off much more energy!
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Temperature, Size and Luminosity 

•Do the Lecture Tutorial “Luminosity, 
temperature and size”, PART I ONLY, 
pages 53-55.

•Remember:
•Work in groups of 2-4
•Each person should commit to an answer in 

writing before moving to the next question.
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Key Behaviors of the Thermal Spectrum 
[in English with Sketch]

•As temperature increases
1.The wavelength at which most energy is 

given off shifts to shorter wavelengths.
2.Energy emitted goes up at all 

wavelengths.
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Next Time
•Read Chapter 2 (focus on Sections 2 
through  4) 

•More about types of spectra
•Where light comes from
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