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Modern Physics (Phys. IV): 2704

Professor Jasper Halekas
Van Allen 70
MWF 12:30-1:20 Lecture




Energy and Angular Momentum

E = -mée?/(32r°e, h?) * 1In?
n=1237, ...

L? = l(1+1)R?
[=012,...,n-1

L =m;h
m,= -1, -I1+1, .., I-1, I



Radial Probability Distribution

Probability density = r2|Rp(r)|2
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Classical Orbits and Angular

Momentum

< . >
5(£=0)s

5(E=1)p
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Angular Probability Density

Y36, 0)° VIO, eF YO, Vi, o))



Concept Check

The angular part of an electron wave function
is proportional to cos(8). Where is the
electron most likely to be found?

Near the z-axis
Near the x-y plane
Somewhere in between



Concept Check

The angular part of an electron wave function
is proportional to cos(8). Where is the
electron most likely to be found?

Near the z-axis R
Near the x-y plane 4

Somewhere in between Y26, $)F



Angular Momentum Magnitude and
Orientation (forl = 2)

Y36, d))



Concept Check

What is the magnitude of the angular momentum of the
ground state (n = 1) of Hydrogen?

a.o b.h c.+/2h d. not enough information



Concept Check

What is the magnitude of the angular momentum of the
ground state (n = 1) of Hydrogen?

a.o |b.h c.«/2h d. not enough information

l = 0 orbitals 18 2s 3s




Full Hydrogen Wave Function

Hydrogen Wave Function

Probability density plots.
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Full Wave Function Applet

http://www.falstad.com/gmatom/



Orbital Angular Momentum and

Magnetic Moment

n=iA=-elL/2am, L K., =-e/(2m_) * mh
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Stern-Gerlach Experiment
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Spin Angular Momentum and
Magnetic Moment




Spin and Orbital Angular

Momentum
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Energy and Angular Momentum

E = -me*l(32r°e,°h?) * 1/n?
n=12373,....

L? = l(1+1)h?
[1=012,..,n-1 (n values)

L =mh
m;=-l, -l+1,.,1-1,1 (21 +1 values)

S, =m_h
m_=-1/2, 1/2 (2 values)



Concept Check

How many different sets of quantum
numbers (n, [, m;,, m ) are possible forn = 37?

5
6
10
16
13



Concept Check

How many different sets of quantum
numbers (n, [, m;,, m ) are possible forn = 37?

5
6
10
16
13



Number of Possible States

Subshell Shell
Shell | Subshell
max max

name name 2 Y
electrons electrons 4 p g

K 1S 2 2 35 3 d _
y

2s 2 4p 4d 4f
L 2+6=8
2p 6 55 5p 5d 5f ...

1 y 18
<1s| , 38 2 246410 ‘GSAGp d......... 5 o 15 16 17 |15*
= A= M 3p 6 —18 < 2p >
<35> 3d 10 3 4 5 6 7 8 9 10 11 12| 3p -
<« 45— -« 3d >l 4p >
<« 55 > -« 4d »le 5p >
<« HS > 4f >« 5d >le 6p >
<« 7S >« 5f >l 6d > 7p >

s-block f-block d-block p-block



NOT on Midterm Il

Sections
6.7 Correspondence Principle
7.7 Energy Levels and Spectroscopic Notation
7.8 Zeeman Effect
7.9 Fine Structure

Topics
Reduced Mass
Franck-Hertz
Selection Rules



