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LETTERS AND COMMENTS

A pulsating Gaussian wave packet

A S de Castro T and N C da Cruzi

T UNESP, Campus de Guaratingae€aixa Postal 205, 12500000 Guaratingug®, Brazil
¥ Unicamp, IFGW, 13083970 Campinas SP, Brazil

Received 22 October 1998

Abstract. A pulsating Gaussian wave packet for the harmonic oscillator is explicitly constructed.
The mechanism for that behaviour is pointed out.

Itis well known that a wave packet describingnd the initial wave packet

the quantum motion of a particle under the o\ 1/4 2

influence of a harmonic oscillator potenti _ (& _Y A2
does not spread. The impression that thislegt(x’ 9 <7T ) exp( 2 = 4) > '
is always true is conveyed by most textbooks (3)
on quantum mechanics. Nevertheless, ithas . . .
recently been shown that the width of the wav&Serting (2) and (3) into (1), we obtain
packet can pulsate [1]. This result has, indeed, o2\ V4

been known for a long time. This problem/ (x, 1) = (—)

was recognized in the collection of problems

on quantum mechanics by Goldmat al B2 Y2
[2], but no explanation of the reason for the X < —— )
pulsation was given. In this letter, a Gaussian p?coswr) + ia? sin(wr)
wave packet with this characteristic feature 2B [x — A coqwr)]?
is explicitly constructed and an interpretation > €XP{ — 2 [5 Sir(wr) + ﬁ“]

of the phenomenon is presented in terms of

interference between the eigenstates of the a2
harmonic oscillator. X exp(us sin(wr)

The evolution of a wave packet is (x? + A%%) coSwr) — 2Aax
) @

governed by the Schdinger equation, it

being possible to find the wave packet at any % 2 [8 Sir?(wr) + 54]
instantr from the initial wave packet throughWh ere
the relation

o0 _(mw\12 5
V(1) =[ K. t:x, 0y, 0 dx (1) = (?) (5a)
wherey (x, 0) is the initial wave packet and  § = o* — g% (5b)

K (x,t; x', 0) is the propagator.
Let us consider the propagator for th
harmonic oscillator [3]

From (4) it is straightforward to obtain the
?)robability density

mo M2 2 = (fﬁ)m ( A )1/2
K(x,t;x',0) = (m) T [Ssinz(wt)+ﬂ4]
. 2 4 2
imo ap*[x — Acodwt)] )
- x expl — . (6
* eXp(ZfTsin(wt) p( [8 sinf (1) + B*] ©
PO , The expression for the probability density
x[(* +x%) codwr) — 2xx ]> (@) permits us to conclude that its Gaussian form
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is maintained at any time. We can alseolution for the harmonic oscillator. On the
conclude that its centroid moves as a classicather hand, whernx # g then the wave
particle packet is not that simple stationary state but
_ a superposition of stationary solutions for the
fx) - A coswr) _ (7) harmonic oscillator. It is this mixing effect
and its width pulsates according to that makes the wave packet pulsate with a

5 sin(wr) + B4 frequency given by @.
T2t ®)

It can also be shown that the produtt Ap
pulsates with a minimum value equal/g2, [1] Tsuru H 1992J. Phys. Soc. Jpiil 2595

in agreement with the Heisenberg uncertain{g] Goldman I 1, Krivchenkov V D, Kogan and Galitskii
relation. 1960Selected Problems in Quantum Mechanics

The results presented in this letter reducg, Fé;iﬁféeg ;‘sgﬁi‘;’%”/goé“lgngggfgﬁmm

to those presented in the literature witea: Mechanics and Path Integrallew York:
0. In that particular casee = g, and McGraw-Hill)
the wave packet becomes the ground state

(Ax)? =
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