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Terms to Know: Zeeman Effect, Quantum Number, Pauli Exclusion Principle, Shell, Subshell

Learning Objectives from the beginning of the chapter in OpenStax College Physics
30.6. The Wave Nature of Matter Causes Quantization

• Explain Bohr’s model of atom.

• Define and describe quantization of angular momentum.

• Define and describe the wave-like properties of matter.

30.7. Patterns in Spectra Reveal More Quantization

• State and discuss the Zeeman effect.

• Define orbital magnetic field.

• Define orbital angular momentum.

• Define space quantization.

30.8. Quantum Numbers and Rules

• Define quantum number.

• Define spin quantum number.

30.9. The Pauli Exclusion Principle

• Define the composition of an atom along with its electrons, neutrons, and protons.

• Explain the Pauli exclusion principle and its application to the atom.

• Specify the shell and subshell symbols and their positions.

• Define the position of electrons in different shells of an atom.
• State the position of each element in the periodic table according to shell filling.
30.6 The Wave Nature of Matter Causes Quantization
You may remember our discussions of standing sound waves in air columns. Suppose a tube contains some water and the water level can be adjusted. If a tuning fork is held over the tube you can hear a louder sound (resonance) when the length of the air column has a certain value.  The resonance condition occurs when a standing wave is set up in the air column.

Bohr stated that the electrons were stable (didn’t continuously radiate energy) in their orbits in the hydrogen atom.  This can be explained if the circumference of the electron “orbit” is an integer times the electron wavelength.  The electron wave in the atom is similar to the standing wave of sound in an air column. (But don’t think the electron wave is reflecting back and forth as happens for the sound.)

According to the diagram in the textbook, what orbits are forbidden?

Q1.  TRUE or FALSE  The wavelength of an electron is related to its momentum.

Q2.  TRUE or FALSE  If the wavelength of the electron only has certain discrete values then the angular momentum of the electron only has certain discrete values.

 Is the angular momentum of the electron in the hydrogen atom quantized?

L = nh/(2π)      n = 1,2,3,etc.

Quantum Mechanics deals with probabilities for the location of an electron in the space around an atom.  Matter waves cannot be constrained to too small a space (Heisenberg Uncertainty Principle).  The electron distribution around the nucleus is better described as a cloud rather than a definite orbit.

30.7 Patterns in Spectra Reveal More Quantization.

Describe the Zeeman effect.

What experimental evidence shows that energy is quantized when a magnetic field is applied to atoms?

What causes the “doublet” lines in spectra?

30.8 Quantum Numbers and Rules
Read this section of the textbook looking for the main concepts.  We will not calculate L or the angles between components of angular momentum.  

Quantum Mechanics is a much better description of the nature of the atom than the Bohr theory.  Four quantum numbers are needed to describe the state of an electron in the quantum mechanical view of the atom.  Describe the interpretation and/or implications for 

a) the principal quantum number, n

b) the orbital quantum number l               

c) the magnetic quantum number ml 

d) the spin quantum number  ms
You must memorize the table shown in Figure 30.56.

30.9 The Pauli Exclusion Principle
Pauli Exclusion Principle  No two electrons in one atom can have the same 4 quantum numbers.

What questions do you have on Figure 30.59?

What is a shell?

subshell?

Table 30.2 is a little misleading.  There can be more than one value for l for a given value of n.  It would be better to imagine that shell column in a table separate from the two subshell columns.

Know how to calculate how many electrons can be in one shell or one subshell.  The formulas for these calculations will not be given to you for the exam.  You need to be able to do the count from your understanding of values of the quantum numbers and the Pauli Exclusion Principle.

What does the atomic number, Z, describe?

How many electrons are in a neutral atom that has 13 protons in its nucleus?

Know how to write an electron configuration for low Z atoms.  You do not need to memorize table 30.3 but you should be able to construct it using your understanding of values of the quantum numbers and the Pauli Exclusion Principle, and the principle that the lowest energy states are filled first.

How does the Pauli Exclusion principle help explain the periodic table?

Q3. Does the electron spin like a basketball would spin?





Quantum Mechanics can be used to state the probability that a certain electron transition between states will occur.   A selection rule is a general statement that specifies which transitions are likely to occur.   One selection rule is that the value of l changes by +1 or -1 when the electron changes energy states.

An allowed transition is an electron transition between states that has a high probability of occurring.  l changing by +1 or -1 is characteristic of an allowed transition.

What is a forbidden transition?  Where in the universe have scientists observed forbidden transitions?
ANSWERS   ……………………..

Q1.  True    λ = h/p 

Q2.  True   

Q3.  No, but it has a property equivalent to spin.
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