普通物理學甲下
課程筆記
二十七：特殊相對論單元3-

          時間與距離的測量、同時性概念
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本筆記以 姓名標示-非商業性-相同方式分享 3.0 台灣」授權條款

釋出創用CC「
摘要:

(I)複習

(II)相對論中運動中時鐘變慢(Time Dilation)
(III)相對論中延運動方向，運動中的尺長度縮短(Length Contraction)
(IV)同時性之討論

(I)複習:
愛因斯坦特殊相對論
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(1)相對性原理[馬克斯威爾方程式在O，O’中皆成立
(2)光速對任一貫性座標系(O，O’)皆是c，
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愛因斯坦主要工作-釐清時間觀念-

(1)時間不是絕對的，而是相對的，與觀測者(座標系)有關
  (和從牛頓以來絕對時間的觀念相違背)
(2)同時性不是絕對的，而是相對的

(II)相對論中運動中時鐘變慢(Time Dilation):
注意:這裡用到第二十六課中，由電磁學庫倫定律得到，若沿x方向運動，則y向和z方向上的長度不會有縮短的效應，這個結果是從電磁學量距離所得到的，也就是說電磁學決定了我們這個世界的空間幾何。
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[image: image19.wmf]v

r

前進時


[image: image20]在O’靜止的坐標系

[image: image21]
在O靜止的坐標系
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因為
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，時間變長，從O看O’，時間變慢

相反的，若一樣的裝置在O中，由O’來看


[image: image28]
在O’靜止的坐標系
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因為
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(III)相對論中延運動方向，運動中的尺長度縮短(Length Contraction):
將兩個不同的裝置分別至於O和O’中，其中在O的靜止坐標系中，O’以速度v運動

[image: image33]
在O靜止的坐標系


[image: image34]
在O’靜止的坐標系

現在來看和運動方向平行的尺
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(因為在O’中看，時間為
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(IV)同時性之討論:
將下圖之裝置置於相對O以速度v沿x軸方向運動的O’

[image: image40]
在O’靜止的坐標系中，兩道光分別到達原點O’及A’的時間是一樣的，也就是同時達到靜止端點
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在O靜止的坐標系中，兩道光分別到達O’及A的時間是不一樣的(
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兩個在O’中同時發生的事件在O中不是同時發生的

時間差為:
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(另t’=0，x’=
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相反的，將下圖之裝置改置於O中
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在O靜止的坐標系中，兩道光分別到達B及A的時間是一樣的(
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但是在O’靜止的坐標系中
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也就是說，兩者是不會同時到達端點的
再來我們從M點發出兩道光，一道往A，另一道往B

[image: image53]
初始條件設定(上圖為在O靜止的坐標系，下圖為O’靜止的坐標系):


[image: image54]
當光到達B端(x(B)=0)的鏡子時，設t=0，而此時另O’的原點和O的原點重合，也就是(x’(B’)=0)，並且t’=0(注意:光此時並不是到達A’端，而是已經透過A’端鏡子反射回來了)
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在O’靜止的坐標系中
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從O’來看從A’反射回來的光會比從B’反射回來的光多需要
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所以可以反推光到達A’的時間比到達B’的時間要早
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(事實上兩道光在O’中重合的地點不會是M'，而是會偏移的。相對地來說，若是一樣的裝置至於O’，從O來看，則兩道光在O中重和的地點也不會是尺的中心點:
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同時性在校準時鐘(讓不同地點時鐘指向一樣的時間)是非常重要的，但是同時性是相對的，在O中校準的時鐘在O’中不是校準的。

不同坐標系(觀測者)，校準後的時鐘系統是不一樣的。

同時性不是絕對與運動中尺(沿運動方向放置)縮短有關
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x’(A’)在任何
[image: image63.wmf]'

'

A

t

量都一樣

x’(B’)在任何
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若要量尺A’B’的長度，需要
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距離縮短是因為我們在O中量的x(A’)和x(B’)在O’中不是同時的，有時間差
[image: image70.wmf]0

2

'

'

'

'

L

c

v

t

t

A

B

-

=

-


� EMBED Equation.3  ���





t’





t





O’





O





授課教師：台灣大學物理系　易富國教授


筆記編寫：台灣大學物理系　楊淵棨同學


編者信箱：r01222074@ntu.edu.tw


上課學期：98學年度第二學期





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





cT’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





cT’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t'





t





cT





O





t





O





cT





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








� EMBED Equation.3  ���








� EMBED Equation.3  ���








� EMBED Equation.3  ���











� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O t





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t=0





A’





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O t





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O’ t’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O’ t’





� EMBED Equation.3  ���





B





A





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t’=0





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t=0





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





B’





鏡


子





O





鏡


子








� EMBED Equation.3  ���





t





� EMBED Equation.3  ���





B’





A’





� EMBED Equation.3  ���





A’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���








t’=?





t’





� EMBED Equation.3  ���











B’





� EMBED Equation.3  ���





B’





B’





M’





A’





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���











t





� EMBED Equation.3  ���





� EMBED Equation.3  ���





B





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O





B





� EMBED Equation.3  ���





鏡


子





t’





� EMBED Equation.3  ���





A’





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





鏡


子





� EMBED Equation.3  ���





t’=0





� EMBED Equation.3  ���





A’





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���














� EMBED Equation.3  ���





� EMBED Equation.3  ���





B





t=0





t=0





� EMBED Equation.3  ���





A





M





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���















































� EMBED Equation.3  ���





� EMBED Equation.3  ���





t





B’





� EMBED Equation.3  ���





A’





M’





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t’=0








[image: image72.wmf]0

L

[image: image73.wmf]t

0

0

2

2

L

T

=

[image: image74.wmf]v

r

-

[image: image75.wmf]'

O

[image: image76.wmf]0

L

[image: image77.wmf]'

O

[image: image78.wmf]0

L

[image: image79.wmf]v

r

[image: image80.wmf]'

vT

-

[image: image81.wmf]0

L

[image: image82.wmf]'

vT

-

[image: image83.wmf]0

L

[image: image84.wmf]vT

[image: image85.wmf]vT

[image: image86.wmf]v

r

-

[image: image87.wmf]O

[image: image88.wmf]0

L

[image: image89.wmf]v

r

[image: image90.wmf]'

'

t

O

[image: image91.wmf]L

[image: image92.wmf]L

[image: image93.wmf]2

2

0

1

2

2

c

v

T

T

-

=

[image: image94.wmf]2

vT

[image: image95.wmf]L

[image: image96.wmf]1

cT

[image: image97.wmf]L

[image: image98.wmf]L

[image: image99.wmf]1

vT

[image: image100.wmf]L

[image: image101.wmf]O

[image: image102.wmf]2

cT

[image: image103.wmf]v

r

[image: image104.wmf]v

r

-

[image: image105.wmf]0

T

[image: image106.wmf]0

T

[image: image107.wmf]'

'

t

O

[image: image108.wmf]L

[image: image109.wmf]L

[image: image110.wmf]1

T

[image: image111.wmf]2

T

[image: image112.wmf]v

r

[image: image113.wmf]'

'

t

O

[image: image114.wmf]v

r

[image: image115.wmf]L

[image: image116.wmf]L

[image: image117.wmf]0

T

[image: image118.wmf]0

T

[image: image119.wmf]v

r

[image: image120.wmf]t

O

[image: image121.wmf]t

O

[image: image122.wmf]L

[image: image123.wmf]L

[image: image124.wmf]1

'

T

[image: image125.wmf]2

'

T

[image: image126.wmf]v

r

-

[image: image127.wmf]t

O

[image: image128.wmf]'

L

[image: image129.wmf]'

L

[image: image130.wmf]'

L

[image: image131.wmf]'

L

[image: image132.wmf]'

L

[image: image133.wmf]'

L

[image: image134.wmf]1

'

vT

[image: image135.wmf]2

'

vT

[image: image136.wmf]2

'

cT

[image: image137.wmf]'

O

[image: image138.wmf]1

vT

[image: image139.wmf]v

r

-

[image: image140.wmf]O

[image: image141.wmf]0

L

[image: image142.wmf]0

L

[image: image143.wmf]0

L

[image: image144.wmf]0

L

[image: image145.wmf]v

r

-

[image: image146.wmf]'

O

[image: image147.wmf]O

[image: image148.wmf]v

r

-

[image: image149.wmf]v

r

[image: image150.wmf]c

L

t

0

=

[image: image151.wmf]c

L

t

0

=

[image: image152.wmf]O

[image: image153.wmf]0

L

[image: image154.wmf]0

L

[image: image155.wmf]'

O

[image: image156.wmf]v

r

-

[image: image157.wmf]'

L

[image: image158.wmf]'

L

[image: image159.wmf]'

L

[image: image160.wmf]'

L

[image: image161.wmf])

1

(

L

)

1

(

1

'

)

1

(

L

)

1

(

'

2

2

0

2

2

0

c

v

c

v

c

t

c

v

c

v

x

-

-

=

-

-

=

，

[image: image162.wmf]'

O

[image: image163.wmf]1

'

cT

[image: image164.wmf]'

O

[image: image165.wmf]'

L

[image: image166.wmf]'

L

[image: image167.wmf]1

cT

[image: image168.wmf]'

O

[image: image169.wmf]'

L

[image: image170.wmf]'

L

[image: image171.wmf]2

vT

[image: image172.wmf]2

cT

[image: image173.wmf]O

[image: image174.wmf]0

L

[image: image175.wmf]0

L

[image: image176.wmf]0

2

T

[image: image177.wmf]0

2

T

[image: image178.wmf]0

L

[image: image179.wmf]0

L

[image: image180.wmf]'

'

t

O

[image: image181.wmf]v

r

-

[image: image182.wmf]'

O

[image: image183.wmf]'

L

[image: image184.wmf]'

L

[image: image185.wmf]v

r

-

_1408814607.unknown

_1408878102.unknown

_1408880292.unknown

_1414420592.unknown

_1414420594.unknown

_1414420595.unknown

_1414420593.unknown

_1408882669.unknown

_1409502052.unknown

_1409503224.unknown

_1409503535.unknown

_1409503553.unknown

_1409503259.unknown

_1409502185.unknown

_1409502637.unknown

_1409502061.unknown

_1409484666.unknown

_1409491402.unknown

_1409491417.unknown

_1409491422.unknown

_1409491410.unknown

_1409490634.unknown

_1409484572.unknown

_1408882098.unknown

_1408882436.unknown

_1408882635.unknown

_1408882129.unknown

_1408881909.unknown

_1408881926.unknown

_1408881698.unknown

_1408881724.unknown

_1408880904.unknown

_1408879019.unknown

_1408879406.unknown

_1408879492.unknown

_1408879724.unknown

_1408879034.unknown

_1408878870.unknown

_1408878989.unknown

_1408878803.unknown

_1408878624.unknown

_1408878790.unknown

_1408878563.unknown

_1408878623.unknown

_1408878535.unknown

_1408875468.unknown

_1408877068.unknown

_1408877946.unknown

_1408878053.unknown

_1408878061.unknown

_1408877989.unknown

_1408877210.unknown

_1408877446.unknown

_1408877763.unknown

_1408877865.unknown

_1408877935.unknown

_1408877468.unknown

_1408877347.unknown

_1408877366.unknown

_1408877381.unknown

_1408877321.unknown

_1408877230.unknown

_1408877115.unknown

_1408876377.unknown

_1408876716.unknown

_1408876901.unknown

_1408876393.unknown

_1408876403.unknown

_1408876210.unknown

_1408876327.unknown

_1408876316.unknown

_1408875761.unknown

_1408876087.unknown

_1408816375.unknown

_1408874927.unknown

_1408875155.unknown

_1408875432.unknown

_1408875439.unknown

_1408875419.unknown

_1408875425.unknown

_1408875172.unknown

_1408874966.unknown

_1408875102.unknown

_1408874349.unknown

_1408874458.unknown

_1408874503.unknown

_1408874079.unknown

_1408874328.unknown

_1408816384.unknown

_1408816082.unknown

_1408816325.unknown

_1408816351.unknown

_1408816218.unknown

_1408816320.unknown

_1408816161.unknown

_1408815588.unknown

_1408815866.unknown

_1408815949.unknown

_1408816015.unknown

_1408815764.unknown

_1408815771.unknown

_1408815122.unknown

_1408815172.unknown

_1408814826.unknown

_1408814894.unknown

_1408802210.unknown

_1408814200.unknown

_1408801499.unknown

_1408801583.unknown

_1408801615.unknown

_1408801547.unknown

_1407691595.unknown

_1407691630.unknown

_1408801419.unknown

_1408801411.unknown

_1407691611.unknown

_1407691565.unknown

_1407677997.unknown

