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i (pl|xla) =ih50(p'|a)

(Blz|a) =/ dp’ ¢5(p") ih% ba(p’)

bal(p’) = (p'|a), ¢p(p")=(P'IB)

(p'|z|p") = / Ao’ (o) ('] ")
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O stn— oy = O [ qure—ia e —pym L 1 [
8p’(6(p P)= dp’ dze 21h  27h dz in°

)
(p'|lz|p") =ih Wd (' =p")

(p'|zla) = / dp” (p'lz|p"){p"|ac)

~ [ <m Lot p">)¢a<p">

%{/dp”5(p/p//)¢a(p”) iﬁ}iﬁ%fba(p/)

(Blzla) = / dp' (B|p") (p'|z|a) = / dp’ 65(0") iha%%m

b) x &r en operator: exp(iz Z/h).

r =y izZE ,

Ip', =) exp< - >|p>
P izZE N izZ2Y\ , izZE N
plp,~>peXp< = >|p>eXp< = )p|p>+{p,eXp< = >]|p>

=(p'+35)[p,E)
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exp(%) is a momentum tranlation.
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2.8

H=6(la")a"|+|a"){a']), a'#a”, SR
. 01
(1)

det(H—EI)=0

a) H|p) =E[¢).

Ec{+0,-0}

wosb(1) om()

b) Antar: vid t =0 si befinner sig systemet i |0/>i< (1) )

Schrodinger-ekvationen:

ihoA(t) = 0B(1)
ihoB(t) = 0A(t)

92 5\?

A0 +(3)A®) =0

8> 5\2

ZBU)+(3) B = 0
A(t)=Ajcoswt + Agsinwt w—é A(0)=1
B(t) = By coswt + Basinwt ’ TR B(0)=0

(P(@)]P(@) =1

%) :( —Ciosigit )

b) Sannolikheten att méta |a”) blir
—isinwt
. ( Hi1 Hypo
P )
=U(t)= exp( — %{)

icke-unitar. Sannolikheten under tidsutveckling kommer inte vara bevarad.

a6 =] ( 0 1)( cos wt >|2:sm2wt

2.2 2-tillstandssystem

H &r inte hermitesk.



Antag Hi1=Hs,=0

w3()-(3 %))
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1h—01 t :ngc
. gt () 2(t) 02(t)2020
ih5;c2(t) =0
alt) = —ib;” 20 h+c1o
Cg(t) = 0

(a(®)]a(t)) =ler(®)* + [ea(t)]?
ler(t)|? — 00, dat— oo.

Sannolikheten ar inte bevarad.

2.1
H=—Bs _us,
mc
Sz(t), Sy(t), Sx(t).
Heisenberg equations of motion:
ds; 1 .o
a 15 o]

[Si(t), Sj(t)] =ieijk Sk(t)

ddS;z :%[Sz,wsz] =0 =S.(t)=5.(0)
e L 15e w8 =~ w8,
& 1Sy, w8 =wS,
dés;m +idd_%:_w5y+msz:iw (Sz+18y)
Do By s, -is,)

Sa(t) +18y(t) = (S2(0) +15,(t)) e
Sa(t) —1i8y(t) = (S2(0) —15,(0)) !

) sinwt — S (0) cos wt

Sz(t) = Sz(0) cos wt — Sy(0) sin wt
Sy(t) = S(0
Sz(t) = Sz(o)



2.12 t=0

a)

(lo(0) = (lexn( — 5% ) )

xexp(i%“)w - ([m,exp(ipTa)] +exp(i%“) x)|x/> -

- ([;g i%“} +x)exp(i%“)|x'> = (z'—a) exp(i%“)kc’) =2’ —a)

(z'la(0)) = (2’ - al0)

- _Oo dz’ (0[2') (2'|a(0)) =

oo

= [ d#{olz +§> (@ — %|o>

o0

a\2 ~ a\2
1/ 46 exp (F+3) +(@-3)
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eolt) = 0fa(0)) = Olexp( ~ 2 (o) -

—exp( ~ 2 ) 0la(0) —exp( ~ 5" )

leo(t)[* = |co|?

At a later time ¢:

2.13 One-dimensional simple harmonic oscillator.

Lo = (<Y [ asexof =) —exp| — (-
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a) Compute (m|z|n), (m|pn), (m|...|n).

a \_ [mw ip
(aT) 2h (x:tmw>

N|n)=a'aln)=n|n)

aln) = v ln — 1)
aflny=vn+1|n+1)

al0) =0.

#ln) =[5 (Viiln — 1) + Vi Tn+1))

p|n>:1,/h”;‘” (VAFIln+1)— vajn—1))

[ h
<m|:c|n>: m{\/ﬁan—l,m‘i’ Vn+15m,n+1}

(m|22In)

(m|p?In)



