Lecture 6 Topics

 Hydrogen Atom Schrodinger Equation Solutions
— Three quantum numbers
— Wave functions
— Degeneracies
— Normalization
— Radial solutions: Electron whereabouts
— Orbital shapes: Electron probability densities



Schrodinger Equation: Hydrogen Atom
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Hamiltonian (H) = T (kinetic) + U (Potential)

Kinetic energy w.r.t. r + Kinetic energy w.r.t. rotation
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Three quantum numbers

* Principal guantum number: n
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e Orbital guantum number: =0.1.2. =1
* Magnetic quantum number: m, =0,+1,+2, ... +1



Degeneracies
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where 8, @, = Y, (Spherical harmonics)
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Normalization
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R(r) wvs. r? R?(r)

Say 104, 15a,



Most probable vs. expectation value

() %dr

" " L 8
the expected r value 1s obtained when <1> = fu r-r°R_,

. . dp{r) dr R, (r)*
The most probable r value 1s obtained when P ;" =0
T T

. a2
I"n, I=n-1 (most probable) = N° Qg

That 1s,

" 10 (]S; most probable) — A0
I"21 (2[); most probable) — 4ayg
1" 32 (353/]; most probable) — 9ay



Fir) and energy

P(r) = r?
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or a given n, lower { is smaller
i and radial
more 5 — A [ore
elliptical orbit. The 3s has three
- radial aminodes,
Higher £ is like a cireular
orbit at a single radius, The
3d has only one antinode.




Angular Probability Density

Figure 7.14 A crude correspondence to orbital
motion.

L =M

3h

,
S
:"—|
[}



Angular Probability Density

[t 0, b1 = R2(r) @20

z-axis
[
8 >
(2. 1.0 A S
(n, £, mg) = (1,0,0) 2.0.0) 21,0 2 1, £1) :
\ J
1s s 2p

(3,0.0) (3.1.0) 3.1 £1)

B
€<

.\. (2, 2, 0) (B0 2=y 3, 2, =20
r

(3.2.00 ek acily ()

=




Angular Probability Density
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s-axis

1s v. 2s vs. 3s
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