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Atomic Unit

Symbol | Quantity Value in a.u. Value in SI
Me Electron mass 1 9.110 x 103! kg
Electron charge 1 1.602 x 10~ C

t Time 1 2.419 x 10717 s
h h/27 (atomic momentum unit) 1 1.055 x 10734 Js
h Planck’s constant 2w 6.626 x 1073 Js
ag Bohr radius(atomic distance unit) 1 5.292 x 10~ m
Ey Hartree (atomic energy unit) 1 4.360 x 1071 J
c Speed of light 137.036 2.998 x 108 m/s
o Fine structure constant (= e*/hicdmeg = 1/c) | 0.00729735 0.00729735
B Bohr magneton (= eh/2m,) 0.5 9.274 x 10724 J/T
UN Nuclear magneton 2.723 x 10~ 5.051 x 10727 J/T
4me, Vacuum permittivity 1 1.113 x 10719C?/ Jm
Vacuum permeability (47 /c?) 6.692 x 10* | 1.257 x 107% Ns? /(2
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Molecular Hamiltonian (in atomic unif)
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Variational Principle

A Justification:
oo <1/’0|H|¢0> HY; = Bt
VT ool 6= ciis e = (Wil9)
b SR )
27 (9]0 )
= |ail’E;
E¢ > B = |col*Eo + |c1|*E1 + |co|*Es - - -

> |c|*Ey + |e1|*Ey + |cal "By -+
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Variational Calculation

<¢0|[A{|¢O> Strategy:

E — « Should satisfy boundary conditions
O <w0 | w0> % Q")‘(EI )( ) + Should be a well-behaved function
8| Hlo 6 = gl
By = < > dEy ()
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Variational Principle for Excited Stafes

) Justification:
<7/JO|H|¢O> 6= cithi; ci = (i)
Ey = i
< <w0¢0>> Condition : (¢g|@) = 0
o|H|¢ | ,\
Fig = (6|0) <H> - <q5 ‘H 2¢>
=D _lalE;

= |c1|°Ey + |eo|*Eo + |es|*Eg + - - -
¢%¢O¢E¢%EO > |c1|"E + |eo|"E1 + |es|“ B - -
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Variational Calculation: Examples

Harmonic Oscillator
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===~ Exact Selution
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Variational Calculation: Examples

Harmonic Oscillator
R d? 1

H=——+ —nmw’zx 20

2mdx? = 2
1
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15 4
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dr = 05 {

Error: 400%, 100%, 40%, 60%

=== Exact Soclution
a=01

— a=1073

— g=0.707
a=12




Variational Calculation: Examples
Hydrogen Atom

. (10 1 . Z¢? n
H=— — r + —2L2 — ¢ 5
2 \ror?  r2p Amer 0
—0172 "'5
gba — € 0
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H

(6o || 60) = 4m (1%\/% - %)
Fy(a) = (3—‘1 - \/%)

== Exact Solution
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Energy (au)
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Variational Principle

Convergence of energy vs. convergence of wave function

Experience in choosing trial wave function

Intuition in choosing trial wave function

Well suited for ground states




Linear Variational Principle
Let the frial function be, ¢ = c1Y1 + oo

(2)5]9)
2= o0

(@|@) = (c191 + catba|crPr + o)
= 1 (1|vn) + ¢ (a|tha) + 2e162 (Y1]1h2)
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Linear Variational Principle
c{Hy1 + c5Hoy + 2¢1c0Hyo
C%Su + C%SQQ + 2¢1095719

E(Cl, CQ) =

oF

8—61 = 0= Cl(Hll — ESH) + CQ(ng — ESlg) =0

OF

% = 0= Cl(ng — ESlQ) —+ CQ(HQQ — ESQQ) =0
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Linear Variational Principle

When the trial function is, n
Cb — g Cﬂ%
1=1

H11 — F ng Ce Hln C1
Hy  Hoo—FE ... Hos,




Linear Variational Principle: Examples
Polarizability of hydrogen atom

€ € 2
_€ AE:—/ude’:—/ae’de’:—a%
0 0

H — F]H—e’rcosﬁ
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Linear Variational Principle: Examples
Polarizability of hydrogen atom
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Linear Variational Principle: Examples /mxne—qxdx: e
Polarizability of hydrogen atom 0

H = /wfsﬁg¢1s dT — /1&’{} ercosf Y, dr = —0.5

Hoyy = /wspzﬁgwgpz dT — /¢§pz er cosf o, dr = —0.5/4

His = /w’fsﬁgwgpz dT — /wfs er cos 0 gy, dr = —(\/215/35)6

| —1—F — (/215 /3%)e
— (/215 /3%)e —1—F




Linear Variational Principle: Examples
Polarizability of hydrogen atom
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Linear Variational Principle in Chemical Bonding
Valence Bond Treatment of H,
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