QUANTUM THEORY FOR A TIME-DEPENDENT HARMONIC
OSCILLATOR

SURARIT PEPORE

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
(CHEMICAL PHYSICS)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2007

COPYRIGHT OF MAHIDOL UNIVERSITY



Fac. of Grad. Studies, Mahidol Univ. Thesis / v

v Y

ngunleudndmsudniaunisariuetiniiuiunar  (QUANTUM THEORY FOR A

TIME-DEPENDENT HARMONIC OSCILLATOR)

4

q3qn Tiwsz 4437430 SCCP/D
5.0, AandiFuad)

a a 4 - .
AULNTINMIAIVANINGITNUS: 9391 181U, Ph.D. (Chemical Physics),

514103 Teaaduns, Ph.D. (Physics), gau seunay, Ph.D. (Physics), L@ﬂﬁﬂgJﬁﬂJQ‘ﬂl,
Ph.D. (Inorganic Chemistry)

v 1

unango
1 9

furnsznedmsudaniaundsasuetiniiliniatazanudiuegiunaigndiuimlae

an o asn o A A a A a an 4 a A a ad [
ABMINUIN AFMIMUIUN 1 Ao DUNNTATIDVOIN8ULNY NMTOUNNTATIIDVOIAT

De

@ ' a o < @ ' o @ 1 J
NIAAUNNYUAU Qﬂmu’smiﬂﬂqmma\‘uwﬁuazmuw\laﬂ AUINNTSINYUDININIALUNIINIITUD

v Y
= v

a Aa = 1 A v 1 a Y 1T Aa
ufmmJaauazmmamuagﬂunammuﬂiagclugﬂmmNamaﬂmaqauﬂ1nmwwuﬂmm

A d ax o

Y A A A a A A ana s o 3 o
WWUANT 2 HIDFUNMIUDINUUEY ITNITAIUIUN 2 AD ’J‘ﬁﬂﬂjgQﬂﬂu'ﬁ]’]ﬂwaﬂﬂ’lil!@ﬂ%um@\i

a s & P o J v = A o o
¥29995 F9 1 IUNMsMUIN NINTUVOINTUFITUNNTNIN

v Y
3 % 1 %

J v 4 a J o J a { 1
enFunauvesy lsauresdmsudunieasuelniiniatazaNudIUegNUNAIYN
o @ 1 A @ ] J v 4 ) v v @ ' a
mmmmmﬂmuwmzmwm“lﬁ ﬁ’JLLWﬂi%%WﬁJLLﬁ%‘WQﬂ%Hﬂauﬁ1ﬁiﬂ§l’)ﬂ’)ﬂllﬂ’3ﬂﬂl@\‘iﬂ1aﬂ

% @ 1 J a Ao ) ' < (% 1 o
Taimaxmlluuazmmmmaqa’nﬁuauﬂmmaﬁuaﬂmﬂm@mza&nuuuﬂgﬂmmmmﬂ

9
IS [

wamaemnmauﬁmmé’hﬂ%’ﬂuﬂiqm{mﬁﬂﬁumauazmmﬁﬁuﬂunm

v Y
= [

awduitussenidurnsznedmsuinTaundaaiuednfifiuauasanudiuiy
naazdIniaLNiIes uetined1sdiognenilie W InudmsumMIMuINAMNNTE Y
éhﬂ%’mzummé’hﬂi’ﬂuﬂiqﬁﬁuﬁ’unmgﬂmuamﬂiéfmﬁﬂszqﬂﬁﬂmmmﬂamwﬁﬂgﬂjﬁ
%ﬁﬂﬁﬂﬂmmﬁaﬂiﬂuﬂiqﬁsﬁuafiﬁ"una1uam@imaﬁqma{uazﬁiummgﬂaﬁma

U U

90 .




Fac. of Grad. Studies, Mahidol Univ. Thesis / iv

QUANTUM THEORY FOR A TIME-DEPENDENT HARMONIC OSCILLATOR
SURARIT PEPORE 4437430 SCCP/D

Ph.D. (CHEMICAL PHYSICS)

THESIS ADVISOR: ON-UMA KHEOWAN, Ph.D. (CHEMICAL PHYSICS),
TANAKORN OSOTCHAN, Ph.D. (PHYSICS), UDOM ROBKOB, Ph.D.
(PHYSICS), EKASIT SOMSOOK, Ph.D. (INORGANIC CHEMISTRY)

ABSTRACT

The propagator for a harmonic oscillator with time-dependent mass and
frequency were calculated by two approaches. The first approach was the Feynman
path integral method. The path integral of this oscillator is calculated by the Pauli-
Van Vleck formula. The propagators of harmonic oscillators with time-dependent
mass and frequency contain variables in terms of the solution of non-linear second
order differential equation, called Pinney’s equation. The second method was the
Schwinger method which has the same procedures as the calculation of relativistic
Green function.

The Schrddingers wave function for a harmonic oscillator with time-dependent
mass and frequency was derived from the propagator obtained. The propagator and
wave function for a Caldirola-Kanai oscillator and a harmonic oscillator with
strongly pulsating mass were calculated from the quantum solutions of the harmonic
oscillator with time-dependent mass and frequency.

The relation between the propagator for a harmonic oscillator with time-
dependent mass and frequency and a simple harmonic oscillator is discussed. The
alternative way for calculating the propagator for the system of time-dependent
harmonic oscillator is proposed by using the application of the canonical
transformation in the path integral formula, and the Junker and Inomata formula is
explained.
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