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Schrodinger:

, L0 1

(x |H|a;t0}t> = lha(x |C¥,t0;t) (1)

Hamiltoniana em termos de A e :

1 I
- — - 2

H = Zm(p A)+eq5 +eq§ (2)

Continuidade:

6_p +V ] =0 Veja aula 10; j=fluxo de probabilidade (3)
p=y*Y (4) Y = (x'la, to; t) (5)
dp oY~ oY

— g (6)
o ot YTV 5
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L0 1
lha(x la, ty; t) = — (x

,to t) + Wx'|a, ty; t
om a, to; t) + ep(x){(x'|a, to; t)

e 2
(P — EA(X')>

_ 1 .hvf eA Vd 7 eA 7

= g (07~ 1460 | (o - £4000)
1

= (—ihV’ —~ EA(x’)) (—ihV’ - EA(x’)> (x'|a, to; t) + edp(x)(x|a, to; t)

Veja Slide 15 da aula

a,to; t) + edp(x)(x’|a, ty; t)

L0, 1( .. e o €Y, o
lha(x la, to; t) = %<—th —EA(x )) (—th —EA(x )) (x’|a, to; t) + edp(x) (x|, ty; t)

L0 N S PR A U U S D .
—ih (x|, to; t) —%<th —EA(x)> (th -2 Ak )) (X'l to; )" + edp” (X )(x|, to; t)

Fazendo: vermelho.W — W* verde
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a_p — _ii(lhv _ —A(x )) (th’ _ ;A(x,)> (x'la, Lo, t)*(x’lO(, Lo, t)

Jt th2m
—e (X ){(x'|a, ty; t) (x|, ty; t)

2m
+ (x,lal tO) t>*e¢(x,)<x,|a, tOl t)

1 e e
+ — (x|, ty; t)* <—ihV’ — EA(x’)) (—ihV' — EA(x’)) (x|, tg; t)

d(x) =d*(x") -> Termo azul se cancela

dt

dp , I L , . | G
— =£ —{(x |%|a,t0;t) (X'|a, to; t) + (x|, to; £) " {x |%|a,t0;t)

Eqg. no Slide 16 da aula
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2 = (—ihV’ — EA(x’)) (—ihV’ — EA(x’))

Operador atuando sobre = —h2V2 + EihV' cA(x) + gih/l(x') vt

vetor potencia A e 52 ¢ ¢

fungdo de onda +—74°() V' -A(x") = 0 (Gauge de Coulomb)

2e e?
M2 = —h%V’? + TihA(x') -V + C—ZAZ(x’)

M~ = <ihV’ — EA(x')) <ihV’ — EA(x’))
C C

e 2e e”

2 2v2 28. ’ ’ eZ 20 s
IM** = —h=°V —?lhA(x)-V +C—2A (x")
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—h2V? ——lhA(x) vV’ + Az(x)
6_,0 _ i — (x| om |a, toit)*(x la, to; t)
ot ih _n2yz 4 28 2 inA()V + 5 € 42(x')
_+(x'|a, to; t)" (x| om |a, toit>_
|V e | € N e
= (x| S| 3 €)° et 03 €) + (& | — AV @ b3 00" (x| to; 8)
2
(X |2m ZAZ(x,)la; tO; t>* (X’la, tO; t)
(x’ t-t)*(’hv2 to; t) + (x’|a, ty; )" (x’ eA( W a, ty; t)
X |a, 0 X | i2m |C¥, 0 X |Gf, 0 X lmc X |0(, 0

2mc?

82
52 AT to; 0)

+ (x|, to; )" (x|

A*(xX) ..real (x'|a, ty; t) (x|, ty; t) = [P|? -> Termo azul se cancela
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6P_< AV to; t)" ( to; t) + ¢ ‘ A( )V‘ to; t)* ( to: t)
ot x i2m % to; x'|a, to; X X a, Lo, x'|a, ty;

V2
— (x|, tn: t)* (x| -
(x'la to; )" (x'|

e
la, to; t) + (x|, ty; )" (x| %A(x')V'm, to; t)

9, ih
6}: V' = o 1V 2 603 )" (|, b3 €) + (| s €)' (x |92 ;)]

_ % [(X,lA(X,)Vllaf, tOl t>*<x’|a) tO) t) + (X,la, tO; t)*(x'|A(x')V'|a, tO; t)]

th , o o
2—((x V2|, to; £)(x"|a, to; t) — (x|, to; ) *(xX|V 2|, to; t))

= T~ YT
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V= e (V2 — YUY — —— V[ P)A]
J= =5 WV = yYpvEpT) = V(YT
ih e
_ 4 R * ’ . ’ * o 2
=V Zm(w VY —yYpvyr) mCAhPI
(X'|a, to; t) (x|, to; t) = Y™ = [P]? A(X') ...real

. h o e
]——%(EDV‘P—UJVIIJ)—%AWNZ

z—z"=(a+ib) — (a—ib) = 2ib = 2Im(2)

. h e, e
j=—Im@ V) —— Al
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No auséncia do campo j fica:
n N (P .
j=—Im@ VY) = o — VY~ YUY)
_ 1P (invy) +pGnpT) 1 P (i) + Pnp)”

m 2 m 2

iRe[w “(—ihVp)] = —Re[w*pzp]

e
Com campo, fazer a substituicdo: p - p—-4

j=2Re [¢ (p__A)w] ~ I VY) — = Al

h ) e
= alm(lp V) — %Ah/ﬂz




