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Special Relativity 狹義相對論

慣性坐標
Inertial frame

速度 v

A B

A坐標: 
A先生發現並測
試了物理定律

B坐標: 
B小姐發現並測
試了物理定律

1905 愛因斯坦: 他們的物理定律完全
相同 , 光速是速度極限的普遍常數。



Galileo伽利略變換到Lorentz勞侖茲變換
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能量質量交換

E = m0c2

energy, reasoning from an all-encompassing qualitative philosophy of physics.[55][56]

There were many attempts in the 19th and the beginning of the 20th century—like those of British physicists J. J. Thomson in 1881 and
Oliver Heaviside in 1889, and George Frederick Charles Searle in 1897, German physicists Wilhelm Wien in 1900 and Max Abraham in
1902, and the Dutch physicist Hendrik Antoon Lorentz in 1904—to understand how the mass of a charged object depends on the
electrostatic field.[57] This concept was called electromagnetic mass, and was considered as being dependent on velocity and direction as
well. Lorentz in 1904 gave the following expressions for longitudinal and transverse electromagnetic mass:

,

where

Another way of deriving a type of electromagnetic mass was based on the concept of radiation pressure. In 1900, French polymath Henri
Poincaré associated electromagnetic radiation energy with a "fictitious fluid" having momentum and mass[4]

By that, Poincaré tried to save the center of mass theorem in Lorentz's theory, though his treatment led to radiation paradoxes.[40]

Austrian physicist Friedrich Hasenöhrl showed in 1904 that electromagnetic cavity radiation contributes the "apparent mass"

to the cavity's mass. He argued that this implies mass dependence on temperature as well.[58]

Electromagnetic mass

Mass–energy equivalence - Wikipedia https://en.wikipedia.org/wiki/Mass–energy_equivalence
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General Relativity 廣義相對論

加速度 a

A B

A坐標: 
A先生發現並測
試了物理定律

B坐標: 
B小姐發現並測
試了物理定律

1915 愛因斯坦: 他們的物理定律完全
相同 , 光速是速度極限的普遍常數。

重力 g



加速度 a

A B

重力 g

光線光線

This is a common approach to try to gain some visualization of the curvature of space-time
by a gravitational mass. It starts by depicting space as a two-dimensional elastic sheet. If a
massive ball is placed on this sheet, it will produce an indentation or curvature. If a smaller
ball is rolled by the larger one, its path will be deflected by the indentation of the larger ball.
While not adequate to depict the curvature of 4-dimensional space-time, it at least is a start.
The bending of light above is greatly exaggerated.

Einstein's calculations in his newly developed general relativity indicated that the light from
a star which just grazed the sun should be deflected by 1.75 seconds of arc. It was measured
by Eddington during the total eclipse of 1919 and has been reaffirmed during most of those

General Relativity http://hyperphysics.phy-astr.gsu.edu/hbase/Relativ/grel.html
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重力透鏡



http://casa.colorado.edu/~ajsh/redschbig_gif.html

http://archive.ncsa.uiuc.edu/Cyberia/NumRel/Images/redshift.jpeg

Tested by : white dwarf 1924, solar 1960s, earthbound 1960, and neutron stars 



我們的宇宙



亞里斯多德(400 B.C.)地心體系(Geocentric) 



哥白尼(Nicolaus Copernicus, 1473-1543 )日心體系(Heliocentric)



Hubble’s Law 哈勃定律
- 膨脹的宇宙Hubble’s law 

(1929)

1

H0
=

4r

vr
' 4r

4r/4t
= 4tHubble Expansion and 

the Age of the Universe

宇宙膨脹速度參數



Metric



Expanding Universe



宇宙演化的標準模型

由基本粒子
構成的高溫
等離子體

星系的形成

大霹靂



粒子物理的標準模型

基本粒子

強作用力
原子核

電磁力
原分子「已瞭解」的萬物

┼
載力者

+反物質

希格斯粒子

Higgs
(07/04/2012)



暗物質存在的證據

大尺度結構

星系圑對撞

重力透鏡

90% 以上不發光
但可以利用重力
得知它們的存在



暗能量存在的證據

超新星爆炸

宇宙背景輻射

大尺度結構





保證 Ia 型超新星可做為
標準燭光 測量遙遠星系的距離



標準燭光



加速宇宙

等速宇宙



加速宇宙

減速宇宙



帶有負壓力的暗能量
驅駛宇宙加速膨脹

暗能量是什麼?



愛因斯坦一生中最大的錯誤 !

我堅持一個
永恆不變

靜止的宇宙

宇宙常數 𝛬 (1917)



「宇宙常數」是帶有負壓力的能量



Einstein was right again? 暗能量可能是愛因斯坦的「宇宙常數」



暗能量可能是真空能量



𝛬

加速宇宙



宇宙微波背景輻射
(CMB)

38萬年

138億年

宇宙的溫度

1026 K

3000 K

3 K
(-270oC)



2006
John Mather
George Smoot

1978
Arno Penzias
Robert Wilson

Plus many other 
experiments!!

AT&T Bell

NASA

NASA

CMB Milestones

2010, 2018
Charles Bennett
Lyman Page
David Spergel

ESA    Planck2013

Plus many ground-
based experiments



k=-1 k=0 k=1

1 = WM + W𝛬 – k / (R2H2)

.

WM + W𝛬 =1.099 +0.100
- 0.085



k=0

宇宙是
平坦的 !

為什麼 ?



視界問題

視界(1/H)

宇宙半徑 (𝝺)

大霹靂宇宙



宇宙微波背景輻射的各向異性

T1

T2

T1~ T2 ~ 3 K

T1 - T2 ~ 10-5 K

宇宙是非常均勻的 !
為什麼 ?



1982年 MIT 
Alan Guth 提
出 「暴漲宇宙
模型」 一起解
決宇宙難題

暴漲宇宙 ( 極度加速的宇宙)

暴漲結束

大霹靂宇宙

2012 
Breakthrough Prize



又見真空能量

𝚲暴漲 >>𝚲暗能量

H暴漲 >>H暗能量

真空
能量

膨脹
速度



暴漲結束 a ~ eHt (Ht=60)
真空能量釋放熱能創造「大霹靂」

今天我們所處的宇宙
是平坦的一小塊

大霹靂 a ~ t1/2

大霹靂 a ~ t2/3
暴漲開始 a =1



38萬年

138億年

暴漲量子起伏

? ?

暴漲時真空能
量的量子起伏
散播了宇宙結
構的種子

宇宙大尺度結構
之起源



真空能量是什麼 ??

𝚲暴漲 >> 𝚲實驗室 >> 𝚲暗能量

為什麼能量階如此不同 ??

真心話: 搞什麼鬼? 把一個難題換做另一個難題

共勉之: 大膽假設 小心求證



真空能量是什麼 ?
真空能量釋放熱能創造「大霹靂」?

暴漲時的真空能量
可能是類似
希格斯粒子的位能

𝛬暴漲

釋放熱能

 A https://www.slideshare.net/linhungyenholmes/a-27886496
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結語
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Hubble’s Law K;i|
-äãÉfhHubble’s law 

(1929)

1

H0
=

4r

vr
' 4r

4r/4t
= 4tHubble Expansion and 

the Age of the Universe
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加速的宇宙

𝜦是

愛因斯坦一生中最大的錯誤？

我們透過暴漲宇宙及暗能量的介
紹, 認識到

科學家的堅持睿智 + 
艱難的實驗觀測

把宇宙學從科幻故事發展成
精凖的科學

(1917)


