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Hydrogen Atom

Spherical harmonics
and Radial solution

From: Eva Pavarini, The LDA+DMFT approach, lecture notes 2011
Qian Zhang, Calculation of multiplets across the periodic table



Hamilton Operator

2 ZQ
He_ " A c

2Me dmwegr

In atomic units

Hydrogen: Z =1



Schrodinger Equation

Separating the solutions
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Energy Eigenvalues
72
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1 Hartree = 2 Rydberg = 27.2114 eV = 4.3597e-18 J
1=0,1,2,---.n—1
m=—[,—l+1,---,[—1,1

in Hartree, n2 degenerated
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Radial solution p=Zr
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Calculate R2p(p) and Ras(p)
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Radial solution
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Draw f2p(p) and Ras(p)



Radial solution

Ros(p) = 55 2% (2—p) e ??
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Spherical harmonics
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Associated Legendre polynomials
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201 (* = 1)

P () = (=)™ P ()

CalculateYpo,Y1-1,Y10 and Y11



Spherical harmonics

Yo, 0 = %

Y1, 0= % cos 6

Yiti= F % sin TP
Yo, 0= 16% (3cos?6 — 1)

Yor1= F ;—i sin 0 cos ¢ T
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Spherical harmonics




Real harmonics

yio = Yy
1
im = 5 (VL + (<))
2 [ myx1
Y—m — E(Y—m — (—1) Ym)

Calculate Y10, Y11and Y1-—1



Real harmonics
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r = rsinflcosgp, y = rsinfsing, z = rcosb

Draw Y10, Y11 and Y1—1 in the x-y plane



Real harmonics
e
e




