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Modern Physics (Phys. IV): 2704

Professor Jasper Halekas
Van Allen 70
MWF 12:30-1:20 Lecture
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Bohr Model
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a, = 0.0529nm = Bohr radius

Bohr model only provides
quantitatively accurate
predictions for atoms with
one electron!




Emission and Absorption
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Absorption

When atom absorbs enerqgy of

p‘:-h oton 1o promaote € |lectron to

higher energy orbital.

Emission
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nhoton as electron falls from

higher energy arbital to lower



Emission and Absorption

Absorption

Incoming photon is

absorbed b b the atom p ﬂ
MNucleus (“\

Rare

" 4

Electron

Incoming photon is
absorbed by the atom

Excited

state

Lower
energy

lewvel

Lowest
energy

lewvel

Emission

Higher-energy

A phn:nt-:-n is emitted

U) Electron

MNucleus

Lower-energy

photon is emitted



Concept Check

Which of these could not represent the
energy of a photon emitted by an excited
hydrogen atom?

13.6%3/4 eV

13.6%1/4 eV

13.6*8/g9 eV

13.6%3/16 eV



Concept Check

Which of these could not represent the
energy of a photon emitted by an excited
hydrogen atom?

13.6%3/4 eV

13.6%1/4 eV

13.6*8/g9 eV

13.6%3/16 eV



Hydrogen Energy Levels

Emission occurs
after atom excited
- can occur from any
state to any other n=2

n=3

Normally absorption
only occurs for
Lyman series (unless
atom starts not in
ground state)

n=1

Electron transitions for the Hydrogen atom

vy

Brackett series
E(n) to E(n=4)

lYVYY

Paschen series
E(n) to E(n=3)

Balmer series
E(n) to E(n=2)

Lyman series
E(n) to E(n=1)

E=-13.6/49 eV
E=-13.6/38 eV

E=-13.6/25eV
E=-13.6/16 eV

E=-13.6/9 eV

E=-13.6/4 eV

E=-13.6 eV



Hydrogen Emission Wavelengths

Ly-a Ba-a Pa-a Br-a Pf-a Hu-a

vEbk
100 nm 1000 nm 10 000 nm



Franck-Hertz

Collecting plate is slightly
— Positively charged grid  egative with respect to
accelerates electrons the grid so that only those
electrons above an energy
threshold will reach it.

Mercury
vapor

momEmhmeEm|mE T

W W W W W W W W

Heated cathode
produces electrons

Current from collector
"\®\ measured as a function

after Krane of accelerating voltage.



Franck-Hertz

™\
W, n=2

n=1

incoming electron has
kinetic energy

KE = AE

Hg energy level



Franck-Hertz

Collected current (mA)

400

300

200

100

Franck-Hertz Data for Mercury

Accelerating voltage




Standing Waves -> Quantization

Increasing Frequency
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Standing Waves on a Ring

Just like standing wave
on a string, but now the
two ends of the string

are joined. \/\\/\

What are the restrictions on the wavelength?
r=A
r=n\
T = nA
2TIr = NA n=1,2,3,..
2TIr = NA/2
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anding De Broglie




Angular Momentum

Given the deBroglie wavelength (A=h/p) and the
condition for standing waves on a ring (21tr = nA),

what can you say about the angular momentum L of

an electron if it is a deBroglie wave?

_ =nh/r
| =nh

_ =nh/2
| =2nh/r
| =nh/2r

m

v



Angular Momentum
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Serious Problem with Bohr /

de Broglie Atomic Model

Ground state of Bohr/de Broglie model has n =1,
corresponding to angular momentum L =h

Experiment clearly shows that the actual angular
momentum of the electron for the ground state of

hydrogen 1s L = 0!!



Another Serious Problem with Bohr

Atomic Model

If orbits are confined to a plane (say it's the x-
y plane), then we know that z = 0, and we also
know that p, = o.

This violates the uncertainty principle

Our wave functions have to be fully three-
dimensional, not one-d or two-d



1-d -> 2d: Drumhead Modes
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2d->3d: Spherical Harmonics

m=0, n=1

m=0,n=2

m=0,n=3

m=1,n=3

m=2,n=23

m=3,n==06

b
gy L

m =6, n= 10
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Time-Dependent Complex Spherical

Harmonics

Mm=-4 m=-3 m=-2 m=-1 m=0 m=1 m=2 m=3 m=4

0000
®0eee

CGee

e
@e
©

Cee




Hydrogen Wave Functions

Hydrogen Wave Function

Probability density plots.
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