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 ewsacNucleus
electron probability distributions: RN
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Potential energy for the hydrogen atom:
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The time-independent Schrédinger equation in three
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The atomic problem is spherical so rewrite the equation in (r,0,¢)

x=rsmécos¢ y=rsmésing z=rcosf

| Rewrite all derivatives in (r,0,¢), gives Schrodinger equation;
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This is a partial differential equation, with 3 coordinates (derivatives);
Use again the method of separation of variables:
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Radial equation ;[; 2§+2—"”;—(E V(r))R]
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Angular equation
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Once more separation of variables: Y(6.9)=0(6)0(¢)
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Derive: -la 2 = l(::ine ! ! (again arbitrary constant)




A differential equation with a boundary condition
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Solutions:

O(p)=e™

Boundary condition;  ®(¢+27)= ™27 = @(g)= ™
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———— m s a positive or negative integer
this is a quantisation condition




with integer m
First coordinate  ®(#)=¢™  (positive and negative)

Second coordinate -
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Results in Ag =LL+1)

and m==f{-(+]...6-1¢(
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Third coordinate o (E-V(r))R]= (e+1)

il l Results in quantisation of energy

angular
part

angular
momentum




There is a class of functions that are simultaneous eigenfunctions

L’Y,,(6.6)= (£ +1°Y),,(6.9) L.Y},(6.¢)=mhY,,(6.6)

with £=012... and m=—f—-f(+Ll...f-1(

Spherical harmonics (Bolfuncties) 1;,(6.4) Vector space of solutions
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Find a solution for (=0m=0
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Physical intuition; no density for » - x

trial: R(r)=de™'°
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——— Solution for the
length scale paramater
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Solutions for the energy




There are four different quantum numbers needed to
specify the state of an electron in an atom.

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

2. The orbital quantum number (gives the angular
momentum; ¢ can take on integer values from 0 to » - 1.

L = VI + 1)

3. The magnetic quantum number, = , gives the /
direction of the electron’s angular momentum, and can
take on integer values from —( to +/.
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The probability of finding the electron in a volume 4V
around a given point is then |y]* dV.




Spherical shell of thickness dr, inner radius r
and outer radius r+dr.

Its volume is dV=4nr2dr
Density: |y|2dV = |y|?4nr2dr

The radial probablity distribution is then:
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2,
Eppm = -_Ra:

m,e4

with Ry = 880h3c

Wave functions:
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