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Relativistic Quantum Mechanics

Quantum Mechanics
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Quantum Mechanics

@ Schrodinger
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Relativistic Quantum Mechanics

Postulates of QM

@ 2nd postulate of QM: At any given time the quantum state is
described by (t).

@ 5Hth postulate of QM: The time evolution is described by

o d
mﬁ\w(t» = H(t)|y(t))
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Relativistic Quantum Mechanics

Postulates of QM

@ 2nd postulate of QM: At any given time the quantum state is
described by ().

@ 5Hth postulate of QM: The time evolution is described by

L d
ih= (1) = H(t)[Y (1))

o Klein-Gordon o2
32 (2,2 2 4
h—0t2¢ (c*p” +m=c* )

@ The Klein-Gordon equation, one of the basics eq. of relativistic
QM, is not a quantum mechanical equation.

o 5 = = h
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Relativistic QM in Hamiltonian form

Klein-Gordon equation in Hamiltonian form

(ihd)ot — V)b = (*p? + (m + S/c*)* ety
d
W=¢+x (i = V)9 = (m+ §/)(6—x) ¥ = @)
.
’Lha\lf = HFVO\IJ
o _ (1 1\(p 10 o, (10
Hpy = (1 1) (2m+U>+<O _1)me o 1)V
Feshbach-Villars (1958)
U=5+45%/2mc?
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Relativistic QM in Hamiltonian form

Feshbach-Villars equation
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FVO

Relativistic QM in Hamiltonian form

V=0, E=mc*/\/1—v%/c?
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o if £F>0, ¢ >x

x| 1-+/1 —v2/c?

e if £ <0, ¢ <x

X is "shadow” antiparticle component

¢ is "shadow” particle component
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Relativistic QM in Hamiltonian form

Feshbach-Villars for spin-1/2

o (voPy+ P+ 2P+ 3P —ime) i =0
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Relativistic QM in Hamiltonian form

Hamiltonian formalism

@ non-relativistic

H=—+V
2m+

@ relativistic spin-0

o (1 1\[(pP 10 2, (10
1= (1 ) (Eo)+ (5 O)mes (5 )y

e relativistic spin-1/2
a2 _ (1 1\ [P o-(pV) 1 0 ) 10
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Relativistic QM in Hamiltonian form

Eigenvalue problem

° Hg)‘)/ is not hermitian
@ yet it has real eigenvalues
@ very bad equation: asymptotic coupling by the kinetic energy

@ we have to put the asymptotic coupling into the Green’s op.
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Relativistic QM in Hamiltonian form

Lippmann-Schwinger equation

H=Hy+ H’

) = Go(E)H'|4)

H' = YN (i) i H'5) (]
Go = [i)(i|Go(E)|7) (1]
b = Go(E)H'S

continued fraction

G(E) = (E — Hy)™!

if J=F — Hp is tridiagonal then (5 is given in terms of

G =(J—0inONINN+1CN 1IN 1N)

—1
Cnt1 = (INy1,N+1—IN+1,N+20N 12 N 12, N +1)
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Relativistic QM in Hamiltonian form

Coulomb-Sturmian basis

. 2
Su(r) = (r|n) = (%) et (2br) T L2 (20r)

°
°

e (n|E —p*/(2m) — Z/r|n’) tridiagonal

o (n|(E—p?/(2m)— Z/r) tn')  continued fraction
°

e (n|r|n’) 5-diagonal

o (n|r?|n’) 7-diagonal

Qe

o & = = P
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Relativistic QM in Hamiltonian form

FVO Green's operator for Coulomb plus confining potentials

(10N, (1 1)\/p (10N, (1 0y
']_<0 1>E <—1 —1> (2m+alr) (0 —1>mc (0 1)7“

Te|ve e N
se|se oo oo
Te Se|se TSN

Te|ve TT T e e
sofoe oo oceloe oo o

Te Se|se T e |ee o
oo oo|oe oo sefoee oo

block - tridiagonal
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Relativistic QM in Hamiltonian form

FVO Green's operator for Coulomb plus confining potentials

3N

<’E Yo ()& o) oG 92

-1
= (L = 0inOiNI N N+ 1CN 1 dN41,N)

_ -1
Cni1=Inpivi—INii,N2C N 2d Npan41)

continued fraction with block matrices —— matrix continued fraction
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Relativistic QM in Hamiltonian form

FV1/2 case

G(E) =
<((1) (1)>E_ <—11 —11> <% - UZZ%Q) - <(1) —01)”7’02 - ((1) (1)>

L —1/24 14+ G+ 1/22 = /(1 1/2% - Z%a2

3N

X

perfect agreements with Klein-Gordon and Dirac results !!!

QR

=] & = = D
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Perspectives and Summary

Feshbach-Villars formalism

relativistic quantum mechanical equation
multi-component wave function

linear time & quadratic spatial derivative

non-hermitian Hamiltonian

Q= 7m0ty FV adjoint

Q=0 FV hermitian — real eigenvalues
o explicit particle - antiparticle components

@ interesting formalism, worth studying

o & = = A
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