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自然規律 自然規律

近代科苧的兩朵尋求自然規律的方法°
ll=納法用虛我表示,以示其唯。推演法
用其我表示,以示其易

目“e.2

山納与推演都是近代科孛中不可缺少的思維方法。力悅

明此魚吐我們看一下 Maxwell(1路 1一 18η )爸j建 Maxwell方

程的厊史。

Maxwell是 19世紀最伂大的物理孛家。他在 19世紀中
.+

与了三篇洽文,奠定了屯磁波的准确緒构,杕而改交了人炎

的ㄞ史。
∞ 世紀所友展出來的元戮屯、屯祝、网貉通汛等

等,筑銳都基于 Maxwe11方 程式。他是怎祥得到此划吋代的

結果的呢?

他的第一篇文章里面用的是山納法,里面有速祥一段

活 :“我們必須汏洪到互相炎似的物理孛分支。就是說物理

學中有不同的分支,可是它們的鐺构可以相互印江。
”

他用速介肌念釆研究怎祥与出屯磁孛方程式,以流体力

孛的一些方程式力藍本°速种研究方法遵循了力納法的

精神。

几年以后 ,在后面的文章中他把用力納法猜出的屯磁方

程式,迗用推演法而得出新錯唅 :速些方程式昱示屯磁可以

以波的形式侍播,其波速与些吋已知的光速相符 ,所以
“
光

即是屯磁波
”
,速是划吋代的推測,催生了∞ 世紀的科技友

展与人炎今天的生活方式。

上面的故事清楚地昱示力納与推演二者同吋是近代科孛

的基本思維方法。

國立清華犬學物理系｛所巧幵究
室紀錄



























�������� ����� ��� ��� ������ �����������

����� ������ �������� ��������������������������� ���������� ����

The Fermi-Dirac Distribution

The Fermi-Dirac distribution applies to fermions, particles with half-
integer spin which must obey the Pauli exclusion principle. Each
type of distribution function has a normalization term multiplying the
exponential in the denominator which may be temperature
dependent. For the Fermi-Dirac case, that term is usually written:

The significance of the Fermi energy is most clearly seem by setting
T=0. At absolute zero, the probability is =1 for energies less than the
Fermi energy and zero for energies greater than the Fermi energy.
We picture all the levels up to the Fermi energy as filled, but no
particle has a greater energy. This is entirely consistent with the
Pauli exclusion principle where each quantum state can have one but
only one particle.

Distribution functions Numerical example

Fermi level in solids Fermi level in band theory of solids
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The Fermi-Dirac distribution.
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Electron Energy Density

The behavior of electrons in solids depends upon the distribution
of energy among the electrons:

Since electrons are fermions, the distribution function is the Fermi-
Dirac distribution

This distribution determines the probability that a given energy
state will be occupied, but must be multiplied by the density of
states function to weight the probabability by the number of states
available at a given energy.

The determination of how many ways there are to obtain an
energy in an incremental energy range dE can be approached with
the quantum mechanical particle in a box. The energy for an
infinite walled box is

Treating the "quantum
numbers" n as a space
such that a given set of n
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The Rayleigh scheme for counting
modes.
After Richtmyer, et al.

values determines a point
in that space, you can
argue that the number of
possible states is
proportional to the
"volume" in "n-space".

It is convenient to define
a radius R in n-space:

The energy can be expressed in terms of R and vice versa.

The n-space associated with the particle-in-a-box involves only
positive values of n, so the volume must be divided by 8. It then
must be multiplied by 2 to account for the two possible spin values
of the electron. The number of values is then

The number of states per unit volume is

The final density of states as a function of energy is then the
deriviative of this population with respect to energy

This represents the number of electron states per unit volume per
unit energy at energy E. This energy density is a factor in many of
the electical properties of solids. Note that the result is
independent of the dimension L which was chosen above,
showing that the expression can be applied to the bulk material.
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showing that the expression can be applied to the bulk material.

Application in solids
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