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Bra's, ket's and
operators




Bra, Ket and operators (1)

A ket represents a physical state (atomic
configuration, Bloch level,..) and it contains ALL we
need to know about the state
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Any observable is represented by an operator acting in
the space of kets
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Bra, Ket and operators (11)

A space of kets can represent a basis to represent
any mixed state belonging to the same space



Observables and eigenstates
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Molecular Orbital
N = Gas of electrons
Position Electronic band
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‘Eigenstate’



Schérdinger and Heisenberg representations
i) IR v (1) =U (¢t

10 W(t)) = H(t)|W(t)) sohdrdinger equation

Time—=Independent H
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Independent Particle Approximation
H:Zih(xi)+%zi¢j|xi_xj|_l H:Zih(xi)

Independent—Particl

—e n
/ e Energy

i(D e)(t—t,) ‘P(to)>




Perturbation Methods
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The objective of all perturbative methods is to rewrite the fully
interacting problem as an independent counter—part (h) corrected
(somehow) by the interactions (H')
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Introduction to
Perurbation Methods:
The limiting case of

one—particle potentials

H~ 2 (h(x,)+dh(x,))




The two=level problem (1)
o= B 10 B ) 20 v (1) 200 1)

We want to find the states |n)such that:
h+H'=E,[1)(1|+E,|2)2|

The problem can be solved by direct diagonalization of

the matrix
E) v
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The two=level problem (1)

H(A)=h+\AH' E,,(\)= +

EV+EY \/ EY-EY
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The question is: is it possible to obtain this power
expansion without solving the full problem?



Static Perturbation Theory(I1)
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h+hH'=) E

Now the PT is easily introduced by the following set of
definitions
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Static Perturbation Theory(I1I)
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By using PT I can find again the first order in the
perturbative expansion of the exact solution



Static Perturbation Theory (III1): The Zeeman Effect

" static Electric Field H':—ﬁ'é
' Static Magnetic Field
H © stress p[:—MBg_j
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Time—=Dependent
Perturbation Theory




Time—Dependent Perturbation Theory (1)

H'(t)ocF-E(t)




Time—Dependent Perturbation Theory (II)

e, H (Ol m)
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Interaction

Representation
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Time—Dependent Perturbation Theory (I11)

n,(0)=|n, =il [ deE (0] n©=X, CulOlm

And now we expand again in powers of H*
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Time—Dependent two level problem (1)
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Time—Dependent two level problem (11)
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Resonant Condition
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Time—Dependent two level problem (111)

Resonant Condition
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Full width at half maximum = 4y
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REAL mavny body interactions and
FICTITIOVUS guasi—particles




Perfurbation Theory for Many—Body Systems
H=Y h(x)+5 3 [x—x|" H=Y h(x,)




Hartree=Fock



Hartree—Fock (1)




Hartree—Fock (I11)
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Hartree—Fock via Variational Methods (1)
If we concentrate on the fully interacting ground—state an

approach alternative fo perturbation theory is via variational
minimization of the total Energy

1 —
H:Zi h(xi>+§ Zi;‘_—j |Xi_xj| 1

The idea is to define a set of single—particle states such
that the expectation value of H is minimal

<X1 XN|(I)O>NZPermutations (_1)P <Xi|n>
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Hartree—Fock via Variational Methods (1)
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Hartree Fock..




Hartree Fock lacks of CORRELATION

Electrostatics

-




References

Modern
Quantum Mechanics

J. J. Sakurai
7

.

Revised Edition



	Cover
	Many Bodies
	Outline
	Slide 4
	Slide 5
	Second quantization
	Slide 7
	Slide 8
	Representations
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	References

