CHAPTER 1
INTRODUCTION

1.1 Introduction
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GFor a long time ago, the structure of the hydrogen atom had
interested physicists. The first clue to our present knowledge of
the quantized character of hydrogenic system and its radiations came
from Balmer's discovery in 1884 of simple numerical relations between

the frequencies of hydrogen line. The expression is
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where Ry 1is an empirical constant called the 'Rydberg constant

for hydrogen" with the approximate value

R, = 1.097x 10 m!

Moreover, ther

invisible spectrum.
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As seen from bove e wavelengths of lines in

the energy spectrum appear t6 be gquant It was N. Bohr who could
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the system. Transitions fromsone statignary state toyanother are

sccombrid YA fakndoh sk of lan] aabilt 58 ehdsbytdauat to the

energy difference between the two states; the energy gained or lost

; at@. The first of these

appears as a quantum of electromagnetic radiation. The second
postulate was that a radiation quantum has a frequency equal to its
energy divided by Planck's constant h. These two postulates by
themselves provided some insight into this Ritz's law. To obtain

specific results for hydrogen, Bohr proposed a simple rule for the




selection of the circular orbits that are to constitute stationary
states; the angular momentum must be an integral multiple of -%ﬁ .

A more general quantization rule was discovered independently by A.
Sommerfeld, thus making possible the application of Bohr's postulates
to a wider variety of atomic systems. This rule is applicable to
Hamiltonian systems in which the coordinates are cyclic variables;

onical momentum with respect

it states that the integral of e

to its coordinate aver,:ih‘ﬁ;¢ of /its jion known as the action

variable J must Tgr Itiple™sf h, i.e.,
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In the Heis o ¥s “canstr "‘T,-fk~ new mathematical
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be imposed appearing in the Heuenberg s fnrmulatmn. By considering
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shown that when n is small, the matrix analogue of Bohr-Sommerfeld's

and p(t) must satisfy the quantization

quantization condition can be expressed in the form (1)
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The above relation defines a mathematical restriction which
must be imposed on the matrices ﬁ and 5 of any one-dimensional
mechanical system. As such, it informs us of the difference in the
values of aE and of ﬁ&, and enables us to formulate definite
algebraic rules of combination for the solution matrices a and 5.

The dual role played by the relation (1.4) justifies our referring

to it as the commutation relatior as the '"mew'" quantization

Schroedinger origipateddn i ¢ works of . £ glie on matter wave.

Schroedinger, genepdl y 71:_:~‘7; 7”3i or waves, discovered
the equation of mo . representing a given
quantum system postulate, the wave
function is defined s the dynamical state
of the quantum system whio ation is obtained by having
the classical Hamiltonian: gperat function with the energy

(1.5)
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In 1948 Feynman (2) proposed a new approach to quantum
mechanics which expressed the propagator or the probability amplitude
of a particle as a path integral over all possible histories of the
system that is characterized by the Lagrangian. The dynamical

information of a quantum mechanical system is contained in the wave




function. According to Feynman's ideas, the wave function can be

rewritten as

ob
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where K(X', ®'; t", t') is called the propagator of a particle to

go from R' at time t' L
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path integral form
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The above expression is called Feynman's path integral and it

can be seen as a new approach to quantum mechanics.
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The hydrogen atom problem is one of the most interesting
problems which can be solved exactly by quantum mechanics. One may
find this problem in any current texthﬁoks on quantum mechanics.

The method of wave mechanics was used to evaluate the energy spectrum

and most discussion of this problem has employed this method. Only in

a few places one can find the co ponding method of matrix mechanics
etely even though Pauli

solved it shortly aftér int i ﬁu mechanics. The main

reason for this ab is rather confusing

and it involves severs  of mathematical derivation.
The hydrogen atom problefi 4 it stvalso b solved within the frame-
s later success serves

not only a theoris€'s ficddenic satisfaction but it is also an

illustrative confirmati ~Feéymman's path integral approach is

The purpose of this th ais ik véstigate Pauli's
ém' in order to obtain
its energy spect Pauli discussed the

influence oﬁﬂﬁ miﬂdﬁcf force on the

hydrogen spegtrum 1nl’ae ncmrelatlnsuc case. In our thesis, we
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spectrim since it is a physically interesting example of what can
be done with quantum mechanics. It might also be illustrative of
the methods needed to solve more complicated problems. In this
study, we will write and simplify original expressions and formulae

in a more compact form using conventional notations.




In the next chapter we will review the mathematical formalism
of matrix mechanics. An illustrative solvable problem which can be
performed directly by matrix mechanics, the harmonic oscillator,
will be presented. In chapter III, the Lenz vector used by Pauli
in his study on the hydrogen atom problem will be introduced. This
vector is a constant vector for any particle moving according to a
Coulomb field in a Kepler motion problem. In chaper IV ,we will

A
AULININTNEINT
AN TN INGINY




	Chapter 1 Introduction
	1.1 Introduction
	1.2 Quantization Character of the Hydrogen Spectrum


