Exercise N.4

Enrico Iacopini

Exercise

A harmonic oscillator is described, at t = 0, by
the w.f. W(z,0) = A <3wo(33) + 41,01(:1:)>

a) find the normalization constant A;

b) determine the p.d.f |[¥(x, t)|?;

c) find <z >, < p> and < E > as functions of
time.
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To solve the problem it is useful to use the
relations
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Solution

Enrico Iacopini

Normalization constant A

Thew.f. att=0s
W(z,0) = A<3’l//o(:z:) + 41#1(11?))
Since Yo and 91 are orthonormal, we have
/da: [W(z,0]° =|AI?(9+16) = A= %

and the normalization, as we know, is
time-independent.



Solution
P.d.f. |y(z,t)|?
Wz, t) = ¢ {3vo(@)e i + 4y (m)eFet)

1 i .
= ge_i“’t {3%o(z) + 491 (z)e ™"}

W (z, 1) = % (300(z) + 41 (z)e™t} -
{3%o(z) + 491 (z)e ™} =
= = {903 + 1290091 (7" + %) + 167} =

= % {owd + 16w + 24yoy:coswt} =

i <mw
25 \ mh

)2 e {9 + 32¢2 + 24¢ coswt }

Enrico Iacopini
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< xT>and <p>

Since = «/QT’EW <a+ +a— ) and

a+Yn = VYN + 1Ynt1;, a—Yn = VN Yn—1

we have

— h —iwt
<o> = oo [ az [3ue(@) + dus(@)e "

(a4 + a_> [3v0(@) + 4vr(x)e ] =

= dz [3%o(z) + 491 (z)e™?] -
\2m 25/ Yo(x) + 491 (z)e?]
: [3w1(a:) + 4V 205 (z)e "Wt + 4qpo(z)e” “ﬂ
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@ But the 9, are orthonormal, therefore

A 1 , -
T = | —— — (12e W 4 12eWt) =
< > 2mw 25 + )
h 24
= ——— —coswt
\ 2mw 25
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@ But the ¥, are orthonormal, therefore

A 1 ; ;
T> = |=—— — (127w 4 12e™?) =
<z > \ 2mw 25 + )

h 24
— —coswt

- \Qmw 25

@ Concerning < p >, with the same procedure
we obtain

<P> = iy oo (1267 4 12e™) =
mhw 24 a
= —4|— —Sstnwt = m— T
2 25 at <z>
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Solution

<H> Enrico Tacopi
We have
<H> = %/dﬂ? [3%o(z) + 491 (z)e ]
A [3wo(z) + 4y (z)e ] =
= oo [ 4 [3%0(@) + s @e]”

[lﬁw 39o(z) + §hw 4w1(x)e‘i“t} =

— (9 ﬁw+163ﬁ ):zﬁw
25 2 50

and an energy measurement W|LL give only
Thw (P =5) or 3hw (P =22



