EXERCISE 1
Coherent state of a harmonic oscillator

Verify that the wave function

5 . . ard . wt
U(z,t) = Cexp | —a(r — xgcoswt)” — i2axxgsinwt + i— sin 2wt — Y

with
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2h

satisfies the Schrodinger equation for a harmonic oscillator with frequency w,

o =

v.
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Quantum Mechanics: Elementary Concepts Exercise 1

Solution

Substituting ¥ in the left-hand side of the equation, we obtain

ov
iha =1ih <—20z(;v — xg cos wt)row sin wt — i2axrow cos wt + z'aa:gw cos 2wt — z%) L
=ih <—i2amxgw(cos wt — isinwt) + iaxiw(cos 2wt — i sin 2wt) — z%) 4
= (204:1%06_“”5 — arie ™ 4 5) hwW . (1)
The first term in the right-hand side of the Schrodinger equation reads
R 9*w n* o
o 9 = omdn [—2a(x — xg cos wt) — i2axg sinwt| U
h2
= —— {[-2a(x — xy coswt) — i20xg sin wit]® — 200} U
2m
Using
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——
1/a
we have
h* 0*W Fuw
o = 1 {40” [z — g coswt + iz sinwt]* — 200} U
—iwt\ 2 1
— {—a (z — moe ™) + 5] ol
= <—ax2 + 2axzoe ! — axje " + §> hwW . (2)

The second term in the right-hand side of the Schrodinger equation can be written as

mw2x2

VU = ahwr®V. (3)

Comparing Egs. (1), (2) and (3), we conclude that
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