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MaxwellPv>®mx�¯
∇⋅E(r,t) = 0
∇⋅B(r,t) = 0

∇×E(r,t) = − ∂B(r,t)
∂t

∇×B(r,t) = ε0µ0
∂E(r,t)

∂t

]�Pv>
∇2E(r,t)− 1

c2
∂2E(r,t)

∂t 2
= 0

∇2B(r,t)− 1
c2

∂2B(r,t)
∂t 2

= 0

c = 1
ε0µ0

= 2.99792458 × 108 m s−1

mx�÷��=

¦.Ār.ø]�Pv>öBðòLêĄ×ñýăÒ]�Ó¬Õ¬¦r]

èáèØ¦r]ø1�âõäòÿĆĄ×®ôðòÿ��¯¬
×××ÃÆ¬º¬¿ÈÃÇÅÉÍËÊ°¿ËÌÉÅÑ¬÷7«¬

®¦r]ćßĄ1�ôçąòÝí½ÎÇÅÌ÷3*ć$6èí¯

ñýăØ¦r]ø1�÷J�ôèòĆĄÒ#�l]�ÓóøõÝ¬
Ú.ÛâJ�êĄæôöāăĆĄÒ]�Ó

 2�4÷�ßP

¸

´²³·±³±´µØ´¹× 2ô�×Úÿðô�ć¬ÏÍ¬���ćÛ

Michelson*Morley÷7«

+hâċĢĔĝ÷�ć��èòÝąùØ-
+h÷��öDéí%Vâ;aögąĄøë-
(7¥÷7«óø;a�ć)�çìíØ1887<)

;a÷/�øgąõáðíÙ

ċĢĔĝø3*èõÝô�ßĄ÷â0@Ù

T2 =
L

c − u
+

L
c + u

 
ΔT = T2 − T1 ∼

L
c
u2

c2

T1 =
2L
c2 −u2

M0

M1

M2

1887<÷Michelson-Morley÷7«�}((�Ý9o��âZ¡cþ÷�ö^ÝòÝĄ)

��= c

ċĢĔĝª u

American Journal of Science, 34, 333-345 (1887).
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ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ĳÞ\ƭ,ǄǛǭǇǲľG0×ǜǧǭǗǚǀǰĿ

HTotal =
1
2
ε0E

2 (r,t)+ 1
2µ0

B2 (r,t)
⎛
⎝⎜

⎞
⎠⎟
dV

V∫

ǩǖǭƩƛƧŚœ.�Rėƾøƒƺ

HTotal =
Q2 (t)
2C

+ Φ2 (t)
2L

ħf*hƭøƒ�

Ō

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

H = 1
2
mω 2q2 (t)+ p2 (t)

2m

1
2
mω 2q2 (t)

p2 (t)
2m

p(t) = m dq(t)
dt

ƅļĳ\ƭƴƦǄǛǭǇǲƬm�

ƅļÞ\ƭƴƦǄǛǭǇǲƬm�

HTotal =
Q2 (t)
2C

+ Φ2 (t)
2L

ĳÞ\ƭ,ǄǛǭǇǲľG0×ǜǧǭǗǚǀǰĿ

Φ(t) = L dQ(t)
dt

q(t) = L
m
Q(t) = ε0Vmode

mω 2 E(t)

�´)ĐO�=fƭǜǧǭǗǚǀǰƩLƜ�ƾƛƧƐƺ

q(t) p(t)ƅļ�û>{± ƅļ�û>Ģ=ħ

p(t) = m
L
Φ(t) = − mVmode

ε0ω
2
B(t)
µ0



ħf*hƭøƒ�

ō

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

��ī$ƉƉƉƉƉƉƉƉƾo+ƛƧľæ�Ŀħf>q̂(t), p̂(t)[ ] = i!

â, â+⎡⎣ ⎤⎦ = 1

Ĥ = !ω â+â + 1
2

⎛
⎝⎜

⎞
⎠⎟

Ĥ = 1
2
mω 2q̂2 (t)+ p̂2 (t)

2m

q̂(t) = !
2mω

âe− iωt + â+eiωt( ) p̂(t) = i m!ω
2

−âe− iωt + â+eiωt( )ƚƸƬ ƩƝƺ

?�ǩǲǘƭǜǧǭǗǚǀǰ
â Ŏļ¿ÃÄèf
â+ ŎļÒ�Äèf

�|ƾĞƥƧƐƗƭƮĲƛƐƔƊòqƊĳÞ\ƭǄǛǭǇǲƮƊļ
��×ƫëfƔĐO�=ƛƧƐƺ�ƩLƜƩƐƑƙƩƋļ
ơƛƧơƭëfƭ�÷ƩĢ=ħƭĪƬƮ�Ýi�ī$ƔƏƹƊļ
,ǄǛǭǇǲƮı�×ƫ'ƾƩƺƋ ĳÞ\ƭæ�ħf>

ƫƠæ�ŐƉæ�ƮƪƙƨĀƥƢƭƓŐļ
jƮƊ¡5ƭ¾=�ã|ƔƐƽƶƺæ�ħf>Ƭm�ƛƧƐƢƋ

Ĥ = !ω â+â + 1
2

⎛
⎝⎜

⎞
⎠⎟ = !ω n + 1

2
⎛
⎝⎜

⎞
⎠⎟

(n = 0,1,2,…)

*ƮƉƉƉƾ?�ƩƛƢǄǛǭǇǲħf!ω ëf�

ĳÞ\ƭǄǛǭǇǲ

ƐƼƐƼƫ*ƭÊ�ƭU�×ĂÎ

Ņń

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

?�ǩǲǘƭǜǧǭǗǚǀǰ

�ÙåĪ�ƨƭĘĖƩƛƧĂÎƨƕƺ

�Ýi�ī$ ΔqΔp ≥ !
2

Ĥ = 1
2
mω 2q̂2 (t)+ p̂2 (t)

2m
q̂(t), p̂(t)[ ] = i!��ī$

�´)ĐO�=fƭĢ=ƩLƜ



ƐƼƐƼƫ*ƭÊ�ƭU�×ĂÎ

ŅŅ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ƂƨRęƝƺ{±íƨĂƝƩ#6

*ƭÊ�ƭ�ÙåĪƨƭĂß

X̂1

X̂2

0

ÚåÊ�

X̂1

X̂2

0

α

ϕ

ǊǞǲǮǰǗÊ�

X̂1

X̂2

0

Úåƭļ
ǏǈǂǲǐǘÊ�

�v�ƸƖľİĴĿ

�Ù�ƸƖľİĴĿ

ǍǪǮǲǖǁǰǆǲƭÌÊ�

ƐƼƐƼƫ*ƭÊ�

Ņņ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ǊǞǲǮǰǗÊ�ļ
ǏǈǂǲǐǘÊ�ļ
*f�Ê�ļ
ǍǪǮǲǖǁǰǆǲƭÌÊ�ļ
ŧŴť

G0×ƫƃ¾ƄƩƛƧƭ*ļ
Ɖ~zƔÅĭcƭĭ

ƍƴƥƩ*ƾƎ

ƍ�&*ƾƎ

X̂1

X̂2

0

α

ϕ

ǊǞǲǮǰǗÊ�

X̂1

X̂2

0

Úåƭļ
ǏǈǂǲǐǘÊ�

0

X̂2

X̂1

*f�Ê�



¾=�ƭ6ÓƉŁ3*hƭ¶IŁ

ŅŇ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ŒœŇńńĵ ŕŵťŭūŦļľZDĿ *ƭØġƊEn y�*h

Ņŉ	î ŚŧŰůţŲŦŰļŦţļŠūůťūļľ�Ŀ R�ÎĒ

Ņŉōń ĸ�Ĩ

ŅŊ	î ŗţŭūŭŧŰļŗţŭūŭŧūļľ�Ŀ £ĤĨƭAÏƊ£ĤĨľŅŊńōĿ d�h

ŅŊņńĵ şůŧŭŭļľÿĿ r�ƭ½8

ŅŊŉńĵ ŖŧŲŮţŴļľ�Ŀ ŖŧŲŮţŴƭAÏ

ŅŊŊńĵ ŗŲūŮţŭŦūļľ�Ŀ R�ÎĒ ¾=*h

ŅŊŊŊ ŜŧŷŴŰůļľþĿ ǆǫǏƭ3�ƊǢǬǐǨ3*P

ŅŊŋŌ ŘŵŹũŧůųļľÿĿ *ƭ¾=ď

ŅŋŌŉ ŞūŴŴŧůŪŰŵųŧļľêĿ R�ªfƭĄ�

ŅŌńņ šţŭŭţųŴŰůļľþĿ eĮǏǤǈǗǭ
ƭ ô šţŭŭţųŴŰůļűŲūųŮ

ŅŌńŋ ŢŰŵůũļľþĿ *ƭwÀ

ŅŌŅň ŖŲţŵůŪŰŨŧŲļľËĿ eĮǏǤǈǗǭ
ƭ ô

ŅŌŅŉ�ņŇ ŖŲŧųůŧŭļľ�Ŀ *ƭR�Ɗ(*ƭ¾=đ ǣǈǗǭ¾=*h

ŅŌņŅ ŖŲţŵůŪŰŨŧŲļľËĿ R�ªf3*ĉ

ŅŌŉŇ żůũųŴŲŽŮļľÐ0Ŀ
MFƩ�2ƭ¾ĩƮLƜļ
ľºïAfƭŒţŭŮŧŲŁžƊſƊƀôĿ

ŅŌŊń ŒŵůųŧůļľËĿƊřūŲťŪŪŰŨŨļľËĿ ǏǤǈǗǭ3§ƭ�½ľÈēƭV¢ǏǤǈǗǭĿ ǡǰǑǰǝǲǙǲ

ŅŌŊŅ śţŸŷŧŭŭļľþĿ ĳÞ\ƭ�ã|Ɗ*ƭĳÞ¾ď G0ĳÞ¹h

ŅŌŌŅŀļŌŋ śūťŪŧŭųŰůļľêĿ śūťŪŧŭųŰůwÀĉƊ*ğzÁi

ŅŌŌŉ ŒţŭŮŧŲļľÐąĿ ºïƭǏǤǈǗǭí4

ŅŌŌŌ ŘŧŲŴźļľËĿ ĳÞ¾ƭjĹ×ċ�

ŅŌōń ŞŹŦŤŧŲũļľÐ0Ŀ ǏǤǈǗǭ-|

¾=�ƭ6ÓƉŁ3*hƭ¶IŁ

Ņň

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

Ņōńń ŝŭţůťŬļľËĿ Ļ�ěnƭ| *ƭëf�

Ņōńŉ ŕūůųŴŧūůļľËĿ *ĳ<¨ƊÉ·Ùmđ

ŅōńŊ ŚŹŮţůļľêĿ ŚŹŮţůí4 ðb3*

ŅōńŌ ŝţųťŪŧůļľËĿ ŝţųťŪŧůí4 Ĕb3*

ŅōŅŅ ŞŵŴŪŧŲŨŰŲŦļľ�ąÿƊþĿ AfƭŞŵŴŪŧŲŨŰŲŦ²Y �n�s`Ɗžô

ŅōŅŇ ŒŰŪŲļľ��Ŀ ºïAf²Y ħf;h

ŅōŅŉ şŰŮŮŧŲŨŧŭŦļľËĿ �ñ¯Ġi�

ŕūůųŴŧūůļľËĿƊŦŧļŘţţųļľÿĿ Þ¹Rę<¨

ŅōŅŋ ŕūůųŴŧūůļľËĿ úÆ�2ľő$�ĿƊčo�2ľŒ$�Ŀ

ŅōŅŌ ŒŰŪŲļľ��Ŀ m�AÏ

Ņōņņ şŴŧŲůļľËĿƊŗŧŲŭţťŪļľËĿ
şŴŧŲůŁŗŧŲŭţťŪƭjĹļ
AfƭÞ¹ùÍƊĳfǏǟǰ

ŅōņŇ ŦŧļŒŲŰũŭūŧļľ�Ŀ Èē¾ƭ®�

Ņōņň ŒŰųŧļľ@ĿƊŕūůųŴŧūůļľËĿ ŒŰųŧŁŕūůųŴŧūůļ1õ

Ņōņŉ ŘŧūųŧůŤŧŲũļľËĿ Ā4;h

ŅōņŊ şťŪŲŽŦūůũŧŲļľ_e6Ɗ�ÿĿ ¾=;h

Ņōņŋ ŘŧūųŧůŤŧŲũļľËĿ �Ýi�AÏ

ŒŰŪŲļľ��Ŀ Ùă�AÏ

ŅōņŌ ŔūŲţťļľþĿ Ùmđ×ħf;h

ŅōŇń ŚţŷŲŧůťŧļľêĿ ǋǂǈǯǗǯǰƊǦǰǜǕǒǰĉÔ ĺǄǛǭǇǲÈÏ

Ņōňŋ ŚţŮŤļľêĿ ŚţŮŤǍǠǗƭÕć Ǧǂǈǯ¾3*

ŒŧŴŪŧļľËƊêĿ ŚţŮŤǍǠǗƭď�ƊħfĳÞ;h ĳÞ\ƭħf>

ŅōŊń śţūŮţůļľêĿ ǮǲǌǲƭÕ�



¾=�ƭ6ÓƉŁ3*hŁ

Ņŉ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ŇŊňŉłŊļƆ

R�ªf3*PƉŅŌ	î¥�

Ùm�ÝƓƚļŏļŅńŁŊļľŅńń�3ƭŅĿ

ǥǲǀƭºïAf²YľŅōŅŇĿ

ǝǭǦǲžôƭ�ñ¯Ġ

ǖǁǫǕǈƭÙmđ×ħfđľŅōņŌĿ

ĳfƭǏǟǰƊEëfƭgW

ı�×ǄǛǭǇǲÂ�

× 40,000

ǢǬǐǨƉŅŋ	î�

ņń	î

ŅŌ	î

Ņŋ	î

Ņō	î

5¤ħfđ

Ùm�ÝƓƚļŏļŅńŁŇļľŅńńń3ƭŅĿ

Öý*Ʈ°ƌƫƍýƎƓƸ�ƺ

ºïƭǏǤǈǗǭľǝǭǦǲĿí4

¾
ĩ

N
¾
�
ľ�
=
�
Ŀ

ν = c / λN¾�ľ�=�Ŀ *ƭğƚŃ¾ĩ
ƙƙ�ĬƮƍN¾�Ǝƾ Ƒ

3*hļŎļǏǤǈǗǭƭ�÷ƾµÝƬÁiƛƊǄǛǭǇǲÂ�ƬīƝƺÛćƾ�ƺ

jĹ'Ʃơƭ�ÝƓƚ

ŅŊ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

Ùm�ÝƓƚƩƮŐ jĹ'ƭ%ķ�ƾkĈ×ƬĂƝ�±

Ái'Ʈ�ƞƯƸƦƗƉƅļÚj

ǫǰǓǨÝÍģãľ�n�s`ƫƪĿļ
ħfđƭ�Ýi�ī$ľħfƶƸƖĿļ
ÁiPƭìzļ
bĦÑ]ƭa>ļ
Ái¦�ƭ7��ĕļ
ŧŴť

ƈƉőǒǂǢƭ�ÝƓƚƮÁiR�ƾ^ƵƛƧļ
ƉƉƍóĉƾƢƳƺƎƙƩƨpƚƗƫƺ

c�ƭ½8Ɗ
�ĭiÏ

AÏ×ƬĥƘƸƻƫƐƯƸƦƕļ
őǒǂǢƭ�ÝƓƚƭĆSƩƫƺ

Ķ}ƻƯĥƘƸƻƺƯƸƦƕļ
őǒǂǢƭ�ÝƓƚļ
ŒǒǂǢƭ�ÝƓƚ

ƍƴƥƩ*ƾļĽƎ



jĹ'Ʃơƭ�ÝƓƚ

Ņŋ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ƍƴƥƩ*ƾļĽƎ

Ļ�ěnǏǤǈǗǭ

X̂1

X̂2

0

αϕ

ƏƺN¾�ƭ*ļ
ľĜ�×Ƭ?�ǩǲǘĿ

*~z

�v�ƸƖľİĴĿ

�Ù�ƸƖľİĴĿ

�vƔcƕƐ�ƔÙm×ƫİĴƮpƚƗƫƺļ
Ǯǲǌǲ*ƭ�ƔőǒǂǢƭ�ÝƓƚƾpƚƗƨƕƺ

Ǯǲǌǲ*

jĹ'Ʃơƭ�ÝƓƚ

ŅŌ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

*ƩƮī$ƫƐƔƊ/�!ƩƛƧ�ƹfƭN¤ÁiƾøƒƺƋļ

ĩƚļL = 1.795 mļƭ�ƹfƭļŅńļN¤3ƭ�ĪļľTĿļƾļņńļRÁi

ƍƃÁƺƄƾäƳƼļĽļƎƉŅō�ņŇǤǲǎCÇ

Ái'ƔƯƸƦƗASƮƊǏǗǕǢǃǅǕǔƭǥǒǰƾ�Ɲļ

ǒǂǧǰǉƭƯƸƦƕƩøƒƸƻƺļ

őǒǂǢƭ�ÝƓƚƭĆSļ

ľR�ƾöƹĝƟƯpƚƗƨƕƺĿļ

ǏǗǕǢǃǅǕǔƮńłńŅâƭ«ƱƨƛƓĂßƛƫƐļ

ŒǒǂǢƭ�ÝƓƚƭĆSļ

ľöƹĝƛƧƴpƚƗƨƕƫƐĿ

jįƭÁiò¨ƓƸƊ�ÝƓƚƾ»ƳƧƲƺ



jĹ'Ʃơƭ�ÝƓƚ

Ņō

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

0
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26.84 26.88 26.92 26.96

0

2

000

5

3

11

4

0

22

0

ĩƚļL = 1.795 mļƭ�ƹfļ
ŅńN¤3ƭ�Ī / s

T / s

1 26.85

2 26.85

3 26.88

4 26.96

5 26.92

6 26.92

7 26.91

8 26.96

9 26.86

10 26.88

11 26.86

12 26.90

13 26.88

14 26.88

15 26.91

16 26.92

17 26.92

18 26.91

19 26.89

20 26.92

ƍƃÁƺƄƾäƳƼļĽļƎƉňŉ�ňŋǤǲǎCÇ

jĹ'Ʃơƭ�ÝƓƚ

ņń

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

0

5

10

26.84 26.88 26.92 26.96

0

2

000

5

3

11

4

0

22

0

ĩƚļL = 1.795 mļƭ�ƹfļ
ŅńN¤3ƭ�Ī / s

T / s

1 26.85

2 26.85

3 26.88

4 26.96

5 26.92

6 26.92

7 26.91

8 26.96

9 26.86

10 26.88

11 26.86

12 26.90

13 26.88

14 26.88

15 26.91

16 26.92

17 26.92

18 26.91

19 26.89

20 26.92

x = 1
n

xi
i=1

n

∑ = 26.8990ņń&ƭÁi'ƭxX

s2 = 1
n−1

xi − x( )2
i=1

n

∑ = 0.001020�(3�

Ái'ƭ3uƮǆǃǏ3uƣƩ�iƝƺƩƊļ
ƉƉxX'Ʈ 26.8990 sƉƉƈƉjĹ'"
ƉƉ3uƭvļľjĹ±Â(tĿƮ 0.0319 s"
ƩƫƺƋ

3uƭv s = s2 = 0.0319

Ái'ƭ3u

x = 26.8990

s = 0.0319



jĹ'Ʃơƭ�ÝƓƚ

ņŅ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

0

5

10

26.84 26.88 26.92 26.96

0

2

000

5

3

11

4

0

22

0

Ái'ƭ3u

xX'ľjĹ'Ŀƭļ
�ƚƻƺ3u

x = 1
n

xi
i=1

n

∑ = 26.8990

jĹ'ľxX'Ŀ

s = 1
n−1

xi − x( )2
i=1

n

∑ = 0.0319

jĹ±Â(t

jĹ'ƮƪƻƣƘìÝƬ¼ƳƸƻƺƭƓļƅļ�ÝƓƚƭČ"

Δx = s
n
= 0.0071

jĹ'ƭ�ÝƓƚ

ľ3uƭ
�ľŏjĹ'ĿƔļ
ƉƪƻƣƘìÝƬ¼ƳƸļ
ƉƻƺƭƓƭ�±Ŀ

sƾÁiR�ƭļ
x�©ƨ:ƺļ
ľ
�ĭiÏĿ

jĹ'Ʃơƭ�ÝƓƚ

ņņ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

Ái'ƭ3uƭ°fƓƸƊļ

ƉƉjĹ' = 26.8990 sƊ�ÝƓƚ = 0.0071 sļ
Ɣ�ƸƻƢƋ

ƛƓƛƊƙƙƨ�Ƣ�ÝƓƚƮƊÁi'ƭƯƸƦƕƬƷƺļ
�ÝƓƚľőǒǂǢƭ�ÝƓƚĿƣƘƛƓøƒƧƐƫƐƋ

Ƣƣ�R ƥƢǏǗǕǢǃǅǕǔƮƊ0.01âƭ«ƱƨƛƓļ
ĂßƛƫƐƋļ
ƦƱƹQ��+ƬƷƺƍ�ƳƎĎtƔƏƺƋ

ŒǒǂǢƭ�ÝƓƚƭASƬƫƺ



jĹ'Ʃơƭ�ÝƓƚ

ņŇ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

x 
μ + δ#

= 26.855
μ#

= 26.850
μ − δ#

= 26.845

1 / 2δ
Ü�3u

ǏǗǕǢǃǅǕǔƭĂßƔ“26.85”ƭƩƕƊļ
jįƭ'ƮƏƺéTľ�UĿƬXçƬ3uƛƧƐƺƮƞ

σ 2 = 1
2δ
(x − µ)2 dx

µ−δ

µ+δ

∫ = δ 2

3

ΔTB =
0.005
3

= 0.0029 s

K�±Â�ÝƓƚ

 ΔT = ΔT 2 +ΔTB
2 +! = 0.0077 s

Ü�3uƭ3�

ƁŏńłńńŉƩƛƧ3�ƭx�©ƾ3uƭvƊļ

ƦƱƹŒǒǂǢƭ�ÝƓƚƩøƒƺ

J�ÝƓƚƭ��Oƭx�©

jĹ'Ʃơƭ�ÝƓƚ

ņň

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

xX'ľjĹ'Ŀ T / s = x = 1
N

xi
i=1

N

∑ =   26.8990　

�ÝƓƚľőǒǂǢĿ ΔT / s = Δx = s
N

=   0.0071　

jĹ±Â(t s = s2 =   0.0319　

Ái'ƭ�(3� s2 = 1
N −1

xi − x( )2
i=1

N

∑

= 1
N −1

xi
2

i=1

N

∑ − N x 2
⎛
⎝⎜

⎞
⎠⎟
=   0.001020　

�ÝƓƚľŒǒǂǢĿ ΔxB =
δ
3
=   0.0029　

 ΔT / s = Δx = Δx 2 + ΔxB
2 +! =   0.0077　K�±Â�ÝƓƚ

��ƭƙƩƾƱƩƳƺƩ��ƭƷƑƬƫƺ



jĹ'Ʃơƭ�ÝƓƚ

ņŉ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ƏƺÈÏħƭ'ƉŏƉjĹ'ƉŻƉ�ÝƓƚƉ?�

jĹò¨ƭĂĊ½ľÙ�ưƭ�ƒ�Ŀ

T = 26.8990 ± 0.0077 s

jĹ'ľxX'ĿƣƘƨƫƗƊơƭ'ƭ�ÝƓƚľ%ķ�Ŀƴ�ƒƺļ

ľÎ�ƭáh�āƭÎ\ƨƮ�Ć�H³ƫƙƩĿļ
ƴƤƼƿƊ�ûà�ƨƴƉǱǱǱƉ!ļŎļ�nôÁiƫƪ

!
�ÝƓƚƮņ«ļ

ƅjĹ'ƭ�ƭ«ƾļ
�ÝƓƚƬKƽƟƺ

ƅƍ�ÝƓƚƎƭ®�ƓƸļ
øƒƺƩƊŅ«ƨƴüƐ

T = 26.899 ± 0.008 s

ƇƉƍŅńńǳµƛƐò¨ƎƩƐƑƭƮƏƹƒƫƐľ�ƞ�ÝƓƚƔƏƺĿļ

ƇƉjĹ'ƭ%ķ�ľ�ÝƓƚĿƴƕƤƿƩ�ƒƺļ

ƇƉ�ÝƓƚƔ�ƒƸƻƧƐƫƐ�[ľjĹ'ĿƮ%ÓƛƫƐ

jĹ'Ʃơƭ�ÝƓƚ

ņŊ

ņńŅŉŃŅŃņŇƊņŋƉħfƩ*ƉƍƴƥƩ*ƾĽļŶųļ�&*ƾĽƎ

ìlĉÁƭ¡9ôƉľ�gƭÈÏ½8ƭBƛƐ¬ċĿ

jĹ'ƭ�ÝƓƚƾƪƙƱƨpƚƗƨƕƺƓļ
ƉƉ-xƾ¤ƝƬƮƊÙm�ÝƓƚƨ¸ĚƝƺ

Ùm�ÝƓƚļŏ
�ÝƓƚ

jĹ'

T = T ± ΔT = T 1± ΔT
T

⎛
⎝⎜

⎞
⎠⎟

Ùm�ÝƓƚļ
Å´)ħƫƭƨ�ƭÈÏħÁiƩƭ¸ĚHù

Ùm�ÝƓƚ

T = 26.8990 ± 0.0077 s
= 26.8990(1± 0.00029) s

0.00029 = 2.9 ×10−4

ơƛƧÙm�ÝƓƚƾpƚƗƝƺƙƩƨ�ƛƐÎĒƴćƒƧƗƺľƅƮƞĿƋ


