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Chapter 6

Operator Method in Quantum Mechanics

Harmonic Oscillator
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Heisenberg’s Picture

_d
v ®=H-y®

—iHt

Lyt =e " yp(0)

Sl

SiHE o
e’ = Z - time evolution operator
n=0 .




(A), =(w®|Aly®))=(w®O|A-p(t)) — Schrédinger’s Picture
e

= < _Tl,u(O) A- ehy/(O)> =(y(0)le " A- e | (0))
= <'//(0)‘ A(t)“//(o» — Heisenberg’s Picture
=(A®),

[A(t) = ei% A0)- e% J

TS T S i)
%A(t):%eh A(O)e " +e’ A(O)(—ﬂje "

= iHt iHt

e *7_1
- e [H,A0)]e —h[H,A(O)]

Harmonic oscillator® 74 %,
. 1
H =wA A+§hw

H(t) = wA" (1) A(t) +%hw

[A®, A (1) | =

d i
A :%[H,A(t)]

:%[WNA, Al :%W{N [AA]+[ A", A]A}

= B A} = —iwAQ)



d + o +
m AT (1) =1wA™ (1)

— operator®] differential equatioin?

sA) =e ™ A0)

gt | MW . Pp(0)
:>\/7x(t)+| {\/;X(O)+Im}
s AT () =e"AY(0)
M i p(t) — iwt M i p(O)
:\/jx(t) Im e { 5 X(0) |m}

mw —iwt M : p(O) iwt M i p(O)
\/7x(t)_ {\/jx(0)+|m}+e { 5 X(0) |m}

LX) =e™ {lx(0)+i&}+eim{ x(0)— |&}
2 2mw

2mw

— X(O) eiWT + e—iWT —i p(O) (eiwt _ e—iwt)

2 2mw
IWt —iwt
e, po (e e™)
mw 21
= X(0) cos wt + P(0) sin Wt

p(t) = p(0)cos wt —mwx(0)sin wt

—x(t) & p(t) are operators.
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