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EJERCICIO 1 (33:53)

Para la teoria de Klein-Gordon, el operador campo en la teoria de Schrodinger es:

~ dk 1 7 2
Pz = f (ake"‘"‘ + a,te“""‘)

zw/Z(l)k

Calcular el operador campo, dependiendo del tiempo

Bz =€ tiPgeith

Considerar que

1 1
exABe‘xA=B+[A,B]x+Z[A,[A,B]]x2+§[A,[A,[A,B]]] X3+ o

Vamos a calcular
eLtH ak e—ltH

De modo que it = x; ax = By H=A es el hamiltoniano de Klein-Gordon

3k,
ACAEREORO

Con los siguientes conmutadores:
[ 9| = e age

[H , ag%)] = Wy a&)

) ) 1 1
etH g, e tH =q, + [H,ak]x+z[H,[H,ak]] x2+§[H,[H,[H,ak]]] x3 4 -
[H,[H,a]] = [H,(~wr a)] = —wx [H, ar] = —wp (0 ar) = of a;

[H ,|H,[H ,ak]]] = [H,(0f a)] = wi [H,a] = wi (—wy ar) = —wi a;

. , 1 1
et g e tH = q, — wy ay (it) + Ew,zc ay (it)? — ng a, (it)3 + -
itH —itH . 21 5 N2 31 3 )3
e age = a; + (—Dwy a; (it) + (—1) Ewk a (it)- + (1) g(uk ay (it)> + -
. . 1 1
et q, e tH = q, (1 + wy (=it) + = w2 (—it)? + = wj (—it)® + )
2! 3!
eitH g, o=itH — g g=iwit

ei”’al e itH = a}:+ [H,a;:]x+%[H,[H,a,t]] x? +%[H,[H,[H,a,t]” x3 4 -



RODOLFO CURSO TEORIA CUANTICA DE CAMPOS JAVIER GARCIA
GUIDOBONO EJERCICIOS CAPITULO 76

[H'[H'az]] =[H, (0x )] = 0k [H, af | = o(wn }) = 0f a;
|11, 1. [ af1]| = [ (@} )] = o [H,af] = @} (wx a]) = of a]

. . 1 1
t - T 2 1 3 T
et ae H = ap + wy a, (it) +awk a (it)? +§wk a i) + -

. . 1 1
eltH gl e~itH = gf (1 + wy, (i) + Z(‘)’Z‘ (it)* + §w§ @it)® + )
eitH a,’i e itH — a}t elwkt
También podria hacerse
(eitH g, e~itH = q, e=iwk t)T
(eitH q, e—itH)‘f _ (e—itH)*al(e—itH)* _ pitH al o-itH

. + .

(ak e lwkt) — al-t el Wkt

Llegando al mismo resultado.

o , , dk 1
itH .. p—ItH — ,itH
©ome ) <—[ 21 2w (

dk 1

21 Zwk

a el K% 4 a;i e—i%-f)) p-itH

eltH By e itH = f

pitH (ak ik 4 az e—lk-x) e itH

dk 1

21 Zwk

eltH By e itH = f

((eitHak e—itH)eiE-f + (eitHal emitH) e—iw)

dk 1

E,;Zwk

S . dk 1
itH . p—itH _ -
¢ ¢(X) € j 2n Zwk

eltH By e itH = f

((ak ol Wk t)eiE-f + (af etwrt) e—i%-f)

(ak el WK tHKE “lt o t—iE-J_r’)




RODOLFO CURSO TEORIA CUANTICA DE CAMPOS JAVIER GARCIA

GUIDOBONO EJERCICIO CAPITULO 76

EJERCICIOS 2 (59:05)

El operado de evolucién en la imagen de interaccion es:

_ pitHy,—itH
U,(t)—e oe

21 Comprobar que
U, ) = eitHo g—i(t—t)Hg—it Ho
— T
U, &th = Up (t)UI )
Uy ey = (eitHO e—itH) (eit'HO e—it’H)Jf

Uy ey = (eitHo e—itH)(eit’H e—it'HO)

itHyp—i(t—t)Hg—it Hy

Uyey=e

2.2 Comprobar que U, ) es solucién de
io.U, &th = Hy (t)UI &th

U, o = eitHog=i (t=t)H =it Hy — o=it(H=Hy) it (H-H,)

0:Uy (eery = —i(H — Ho)e ™'t HHol gt U (H=HO) = —i(H — Ho)U, (¢01y
10.U, tth = (H — Ho)U,; &th

Recordando que H'=H —Hog

i0.U, &t = H U, tt"

23 Verificar que cumple (estos operadores conforman un grupo) parat; >t; >t

U, (tlltz)UI (t2.t3) = U, (t1,t3)

— ity Hyp,o—i (t1—t3) H =i t; H
Ul(tl.tz) e e e

— pity Hy,—i(ta—t3) H ,,—it3 Hy
Ul(tz.t3) e e e

U o0 Ur tps) = eitiHop=i(t1=ta) H =ity Ho pity Hy p—i (ta—t3) H p=i t3 Ho
1,02 2,t3

UI (tuts) UI (tots) = eltiHop—i (t1—t) H le~t (t,—t3) Hg,—its Hy

UI (t1,t2) UI (tots) = ettiHop—l (t1—ty) H—i(t,—t3) H e—itsHo

— ity Hy,—1(t1—t3) H ,—it3 H
Ur (6,69 Ui (6y,0) = €' 1 e 71 =6 H gt s Ho
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2.4 Demostrar que
U Ul =U
I(t1,t3) Y1 (ta,t3) I(t1,£2)

t it Ho p—i (to— - L ' '
— 2 Hy ,—i(t;—t3) H ,—it3 Hy — plitz3 Hg,pi(ty—t3) H,—ity Hy
(UI (tz.t3)) (e e e ) =e e e

t iti Hy ,—i (t1—t3) H ,—it3 H itz Hy i (tp—t3) H —ity H
Ul(t1;t3)(U1(tz,f3)) :(el 170 Htrts) e’ O)(el 3 oel(z 3) etz 0)

f ity Hy ,—i (t1—t3) H 1 ,i(ta—t3) H ,—ity H
U (t1»t3)(U1(tzlf3)) = eltttogi (=t H 1 ol (ta=ts) Hp=its Ho

f i t1 Hy ,—i (t1—t3) H+i (t;—t3) H ,—it, H
Ul(t1»t3)(U1(tz,t3)) = glit1 Hop=i(t1—t3) H+i(t2—t3) H =ity Ho

' ity Hop=i(ti=t2) H p=its H
Ul(tljt3)(U1(t2,t3)) = e''170¢ i (t1—t2) e~it2Ho

T —
Urt,e)Us (tzt3) — U (t1.t5)






