Since we cannot say exactly where an electron is, the Bohr picture
of the atom, with electrons in neat orbits, cannot be correct.

Quantum theory describes i i Nuclens.

electron probability distributions: . - . lpZE R -
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The atomic problem is spherical so rewrite the equation in (r,0,¢)
X =rsinfcos¢ y =rsingsing Z=rcosd

Rewrite all derivatives in (r,0,¢), gives Schrddinger equation;
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This is a partial differential equation, with 3 coordinates (derivatives);
Use again the method of separation of variables:




Radial equation
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Angular equation — -1
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Once more separation of variables: Y (6,¢)=0(0)0(¢)

Derive: ————=—/5sin Hisin 96—®+ Asin? 60 |=m (again arbitrary constant)
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Solutions:
(g)=e"?

Boundary condition; O(p+27) = eMP27) — () = ™
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— m s a positive or negative integer




Second coordinate

Results in

Third coordinate

Differential
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There is a class of functions that are simultaneous eigenfunctions

L2Y,.,(0,¢) = (¢ + 1)1, (6,4) L,Yim(0.¢) = 7Yy, (6,4)

with 620,1,2,,,, and mz—[,—f-Fl,...,f—l,f

Spherical harmonics (Bolfuncties)  Y;,(6,4) Vector space of solutions




Find a solution for ¢=0,m=0
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Physical intuition; no density for r—

trial:  R(r)=Ae"?
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Solution for the
length scale paramater
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Solutions for the energy
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specify the state of an electron in an atom.

1. The principal quantum number n gives the total energy.

2. The orbital quantum number fgives the angular
momentum; ¢ can take on integer values from Oto n - 1.

L = VIt +1)#

3. The magnetic quantum number, m , gives the /
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The probability of finding the electron in a volume dV
around a given point is then |y|> dV.
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and outer radius r+dr.
Its volume is dV=4nrradr
Density: |y|2dV = |y|?24rr2dr

The radial probablity distribution is then:

P, =4nr?|y|?
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as the radial distribution for all n = 2 states.
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Represents the probability to find a particle
At alocationr at atime't

The probability density
The probability distribution




m e4 e g 2@9
c _ €
with Roo - h3 2 2 & 5t /3
880 C n=23 £=0 Rsu=3@(l—§p+§p)e”
8
£=1 R; = 3p(l—-—-)e p/3
Wave functions: i
: /=2 R e P/
o SiEnt/h = Saor
Whim (F,t) = Rt (r)Yim (6,4 )" :

hag n n

/+1
22 [(n—/-1) _ 27 27
tne ()= J( !, i o)z (2]

2n(n+1)




v

Classical electric dipole radiation

Transition dipole moment
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Classical oscillator Quantum jump
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The atom does not radiate when it is in a stationary state !
The atom has no dipole moment
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In one dimension: <\yf \x\‘I’i> — I‘{’?xq’idx — I f(x)dx  with f(X)=W; x¥,
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operator

All guantum mechanical wave functions
have a definite parity

¥(-7)=+P(F)
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If Wt and ‘Yj have opposite parity

PY ) (0,8) = (=) Y (6. 9)




“Allowed” transitions between energy levels occur between states
whose value of £ differ by one:

Al = *1

Other, “forbidden,” transitions also occur but with much lower
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1) Quantum number N
no restrictions

2) Parity rule for £
Al =odd

3) Laporte rule for 14
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Lyman series
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