CHAPTER

INTRODUCTION

The main purposes £ this is /4 a quantum Brownian motion.

Brownian motion phenomeaen = "'*¥ wasssmaificantly mentioned by an English

botanist, Robert Brow naa® 15, o he | ,x,-:";-'_';- d-a suspension of plant pollens
dispersed in water throyg™a #igrgtfopa ha | cdithat a tiny particle executed an
irregular fluctuating m{}t; znomenon was first considered
by Einstein and Smalff hoff _, ad Ta " ah rdeveloped by Langevin and others.
The important of this ghe n & i nithé réason that it is can serve as a
prototype problem whosgan le insight into the mechanisms

responsible for the existencght — dissipation of energy.

It 15 not on

a classical-partc sollen can behave as a Brownian

motion but alsﬂq g S l-t DY L o ‘d‘
integrals, the nonrelaf i ed 5 Feynman,
'd
analyze the problem. ‘ he idea of Feynman path integrafs

icles, the Feynman path
2! is used to
is to sum or average the
probability d ﬁm { propagator, the total
transition pr w ?i ﬂlsﬂl}iﬂ %ﬂm each path to the
total transition amphtude is equally’in magnitudgs but differencegny phases. Each
R HABIRG T UG b
equivaféntly to the matrix mechanics of Heisenberg and wave mechanics of
Schridinger. Thus Feynman path integrals does not gives any new fundamental
results. Some problem, however, can be solved more conveniently by using Feynman's

method than the others !'H2HH?!

For example, two non-relativistic quantum
mechanical systems, say, A and B are coupled together. If we are interested in the
system A but not in B then we can be eliminated all coordinates of system B from the

equation of motion of the system A. The interaction with system B is represented by a



change in the formula for the probability amplitude associate with a motion of system
A. Tt is analogous to a classical situation in which the effect of system B can be
represented by a change in the equation of motion of A by introduced the terms
representing force acting on system A. Feynman extensively applied the techniques of

electrodynamics. Thus, in a problem of

this method to study problems in quan

coordinates of the particlessaione - mm was included as a delayed
interaction between tw

On the dynany \\\ oblems, the Feynman path
integrals implies a co : \“ "\‘ e account of fluctuation in
dvnamical processes. Fepffir g\ o + \ ved a theory the so-called of a
general quantum sys#€m Jgte i ”\\ e pative system,! Feynman-

Vernon theory, treating #e hIe i 1. aan path integrals. The idea of

a0
the Feynman-Vernon theofy f_g-—C"” v a that we wish to describe the
behavior of the interesting syst€Ry i [CHUS parameters alone. On this idea one

parted the whole §ySis stifig system and the rest. the

heat bath, which sk 0 ﬂr,‘ stem. This theory show
that all parameters of the heat bath ean Be" climinatéd from the formula of the
probability associated with.the motion of tha}pteresﬁng system. All effects of the heat

bath which |ﬂ u H f}%%ﬁ Wr% ﬂ ﬁcnona] the influence

functional. THel powerful influence ﬁmctmna] can be analogous to a force term in a
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force term in the Newton equation. Because the force term does not contain exactly
the effect from the motion of the interesting system to the heat bath, but the influence
functional does. This effect is very important because it may be sent back to the

interesting system in a later time.



In this thesis, we investigate a quantum system interacting with a linear
dissipative system. We model the whole system in such a way that it has two parts, an
interesting system and a heat bath. The interesting system composes of a particle, a
Brownian particle, and the heat bath compose of a set of harmonic oscillators. Using

this specific model, we can obtain the influence functional, the density matrix for the

N go to zero.

This thesis wi summaried as follows

Chapter I1 Invesfigatioh fon 168 Brownian Motion:  This chapter is for
surveying the theory of thgfCly siga) Bowiie otien and™putting some notions betore

going to the quantum

Chapter IIT Feynniin Path {nte i/e introduce the Fevnman path
Qsbainis 4

integrals which is a powerful toblGS=descia behavior of the quantum system. The

basic concept of thig theamus e explore some of its properties
AIS-Q palh integrals .‘.F:,,m;:i----'s-_ru-|-1|-ir-%.:.l-i;;m_-n—":;::1: : this Ehagtﬂ[
Pt

Chapter IV ﬂnman— ernon theory: This chdpter shows how our problem

may be formulated. Wesdefine an influgnge functional and explore some of its
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kept in this infilence functional ¢
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system and a heat bath to describe our problem. Our problem is considered as a
particle moving through some medium which is called a heat bath. We model our
problem in a way that the heat bath is a set of harmonic oscillators. From this model,

we can derive the density matrix of the particle and a propagator of the density matrix



Chapter V1 Discussion and Conclusion
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