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We evaluate the quantum propagator for the motion of a particle in a linear potential via a recently
developped formalism [A.B. Nassar et al., Phys. Rev. E56, 1230, (1997)]. In this formalism, the
propagator comes about as a type of expansion of the wave function over the space of the initial
velocities.

I Introduction

The quantum propagator for the motion of a particle in
a linear potential has been recently discussed by several
authors[1-4] using different techniques. This arsenal of
techniques has an immediate pedagogical appeal and
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X (t) is the solution to the classical equation

and a(t) is the solution to the quantum equation
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can be valuable in some future calculation which may
require the use of a nonstandard approach.

Here we present an alternative approach for the
evaluation of the linear potential propagator via a new
formalism developed by Nassar et al.[5] In this formal-
ism the central result is
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The terms on the right-hand side of Equations (4)
and (5) are due the presence of the classical and the
quantum potential, respectively.

Equation (1) provides the propagator as a type of
expansion of the wave function over the space of the
initial velocities. It is worth noticing the presence of
the quantum potential in the quantum action (Equa-
tion (3)) and in the expansion coefficient (Equation (2))
through the function a(t).
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In what follows, we calculate in some detail the quan-
tum propagator for the linear potential V.. = — f x
through the formalism given by Equations (1,2,3),
therefore demonstrating its validity and usefulness as
a new tool for future investigations.

First, we find the solutions to Equations (4) and (5),
subject to the initial conditions

|
X(0) = 2z, X, = vo; a(0)=a, a0) = 0, (6)
to be
X(t) = QL 2+ wot + (7)
a(t) = ao V1 + (t/7)?, 8)
where 7 = Q";L”?’

Equations (7) and (8) allow us to carry out in full the arguments of the exponent of Equations (1,2,3) as follows.
The first and the second arguments of Equation (2) can be expanded, respectively, as
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Likewise, the quantum action (Equation (3)) can be expressed as
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The propagator in Equation (1) is of the general form
K = D() /+: dv, exp( —A(t) v2 + B(t) v, +C(t)) -
= D(t) ﬁ exp(%((tt)) + C(t)),
where the coefficients A(t), B(¢), C(t) and D(z) are, respectively:
A(t):_[%er]’ (12)
B(t):[;?ﬁ—m][(xfxo)f%], (13)
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o) = %vgt - %tan_l(t/T) + %fmot + % ’;2;3 + %vo Fe2, (14)
D) = g (2 (15)
The terms in (z — ,)%, (z + z,), and independent of z and =z, are, respectively,
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This allows us to write
K(z,t;2,,0) = (%)1/2 exp [ % [2ﬂ (x — x,)° + % (x + zo) ;z Z]}, (19)

which is the result found in Refs. [1-4].

We have presented a new approach for the evalua-
tion of the linear potential propagator. In this formal-
ism, the propagator comes about as a type of expansion
of the wave function over the space of the initial veloc-
ities. This new approach has a pedagogical appeal and
poses an alternative route for future research investiga-
tions.
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