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Outline for Day 13 - 14

In which we solve the Schrédinger Equation for the hydrogen atom.

* Bohr atom + de Broglie postulate
* Hydrogen atom — a 3 dimensional spherically symmetric object
* Spherical coordinates

* Schrodinger equation in 3 dimensions and
spherical coordinates

¢ Solving the hydrogen atom
* Solution for g(¢)
* Solution for R(r) and allowed energy levels
* Solution for f(0)
* Complete solutions
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Models of the Atom

e Thomson — “Plum Pudding”
— Why? Known that negative charges can be removed from atom.
— Problem: Doesn’t match scattering experiments

e Rutherford — Solar System

— Why? Scattering showed a small, hard core.
— Problem: electrons should spiral into nucleus in ~10-! sec.

e Bohr —quantized energy levels
— Why? Explains spectral lines.
— Problem: No reason for fixed energy levels f. 2E=ny

Successes of Bohr Model

* 'Explains' source of Balmer formula and predicts empirical constant
R (Rydberg constant) from fundamental constants

* Explains why R is different for different single electron atoms
(called hydrogen-like ions).

* Predicts approximate size of hydrogen atom
« Explains (sort of) why atoms emit discrete spectral lines
 Explains (sort of) why electron doesn’t spiral into nucleus
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Shortcomings of the Bohr model:

* Why is angular momentum quantized yet Newton’s laws still
work?

* Why don’t electrons radiate when they are in fixed orbitals yet
Coulomb’s law still works?

* No way to know a priori which rules to keep and which to throw
out...

* Can't explain shapes of molecular orbits and how bonds work
* Can’t explain doublet spectral lines

Bohr Atom + de Broglie electron waves

S|

Waves with boundary conditions

* Boundary conditions mean A2 fEef2L

that waves only have
discrete frequencies.

=L f=c/L

* e.g., guitar strings

A=2L/n f =nc/2L =
A=2L/3  f=3c/2L

Increasing Frequency

= node = fixed point that doesn’t move

PHET: normal modes

Standing Waves on a Ring

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

21r = nA n=1,23, ..
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Derive angular momentum of an electron wave

= node = fixed point that doesn’t move

deBroglie electron waves in an atom

h
A=—
mv

n=2__ - n=3

» .

Models of the Atom

e Thomson — “Plum Pudding”
— Why? Known that negative charges can be removed from atom.
— Problem: Doesn’t match scattering experiments

e Rutherford — Solar System
— Why? Scattering showed a small, hard core.
— Problem: electrons should spiral into nucleus in ~10-! sec.

e Bohr —quantized energy levels
— Why? Explains spectral lines. p22 A
. N
— Problem: No reason for fixed energy levels B 2E=ny

¢ deBroglie — electron standing waves
— Why? Explains quantized energy levels
— Problem: still only works for Hydrogen. -

In which we solve the Schrodinger Equation for the hydrogen atom.
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Bohr atom + de Broglie postulate
Hydrogen atom — a 3 dimensional spherically symmetric object
¢ Spherical coordinates

¢ Schrodinger equation in 3 dimensions and
spherical coordinates

Solving the hydrogen atom
« Solution for g(¢)
* Solution for R(r) and allowed energy levels
* Solution for f(8)
¢ Complete solutions
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deBroglie electron waves in an atom
h
A=—
mv
@ ) < @® 3y [ @ |\
L
..n=10 ool e
(o ¢ @ IR
= node = fixed point that doesn’t move https://zippy.gfycat.com/DirectMeekBustard.webm
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Models of the Atom

e Thomson — “Plum Pudding”
— Why? Known that negative charges can be removed from atom.

Outline for Day 13 - 14

In which we solve the Schrodinger Equation for the hydrogen atom.

— Problem: Doesn’t match scattering experiments - Bohr atom + de Broglie postulate
* Rutherford - Solar System * Hydrogen atom — a 3 dimensional spherically symmetric object
— Why? Scattering showed a small, hard core. e Spherical dinat
* Spherical coordinates

— Problem: electrons should spiral into nucleus in ~10-! sec.
-~ * Schrodinger equation in 3 dimensions and

¢ Bohr — quantized energy levels ) .
q , g,y spherical coordinates
— Why? Explains spectral lines. n=2
— Problem: No reason for fixed energy levels &)

¢ Solving the hydrogen atom
« Solution for g(¢)
L f * Solution for R(r) and allowed energy levels

+Ze

e deBroglie — electron standing waves
— Why? Explains quantized energy levels
— Problem: still only works for Hydrogen. E - * Solution for f(8)

e Schrodinger — quantum wave functions ¢ Complete solutions

— Why? Explains everything!
— Problem: None (except that it’s abstract)
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Spherical Coordinates

Spherical Coordinates

Z
].i ——
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7
X
Spherical Coordinates Outline for Day 13 - 14 Office hours: 2 -3
z In which we solve the Schrodinger Equation for the hydrogen atom.
¢ Bohr atom + de Broglie postulate
* Hydrogen atom — a 3 dimensional spherically symmetric object
¢ Spherical coordinates
® * Schrodinger equation in 3 dimensions and
X rsin® spherical coordinates

Volume element
dV=r®sind dé do dr

¢ Solving the hydrogen atom
« Solution for g(¢)
* Solution for R(r) and allowed energy levels
* Solution for f(8)
¢ Complete solutions
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TABLE 8.2

p = r/ag and a stands for ag.

R, (r): The Radial Wave Functions for the atom

The first few radial functions R{r) for the hydrogen atom. The varable p is an abbreviation for

a=1 n=2 n=3
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FIGURE 8.22

The radial probability density for
the 2p states (solid curve). The
most probable radius Is r = 4ag.
For ¢comparison, the dashed curves
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In which we solve the Schrodinger Equation for the hydrogen atom.

¢ Bohr atom + de Broglie postulate
ol ;.l‘e(tron pm::,,““, * I,,,"mm,pr:‘mm,, * Hydrogen atom —a 3 dimensional spherically symmetric object
¢ Spherical coordinates
| . . ¢ Schrodinger equation in 3 dimensions and
Radial Probablllty DenS|ty spherical coordinates
— 2..2 . i

P(r) = |Ryl*r Solving the hydrogen atom
 Solution for g(d)
2 « Solution for R(r) and allowed energy levels

3s * Solution for f(6)

/\ « Complete solutions

Distance from nucleus (r)

Electron probability (Wr=r=)
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R, (r): The Radial Wave Functions for the atom

The first few radial functions R {r) for the hydrogen atom. The variable p is an abbreviation for
p = rfng and a stands for ag.
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