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Ãħ

Ø +ǭǲǅ/¥WƺêƅƠſLorentz�f�ƺÁį
Ƕáƥſßŉ+ńƦð¯�ƺ¦¿Ƿ

Ø *ġûąơƧſģęƦYļƥƳƶšŨǶ¥@?ǷƊ��ƺ9ŝ
Ž¥@ƚƦƱƦƺ�ÙƖƶƛưſņĕYļơƋƶƳƆģęƺ©ğ
Ž¥@��ƺ�ÙƒƘƶƛưſ+pČƺǎǦǩǙǭǊǒǄƥ©ğ

Ø ©ğƒƷƛģęơſruóƥ+pČƺǰǒǄƔƛâ�ơģę
ƺņĕYļƖƶƐƢƥ7ưƠ�=ſǙƾǍǯǢǮƱ�Ù
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õÊ

ǺǸƾǲǖǰǐǄǊǫǲ

ǻǸ*ġûąƉƴƦ©ğÝ

Ǽ.		å_Ʀ��
ǽǸƭƢư
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1.1.	vŬƦõó

ǿáÎ÷y�çĵƦǻƟƦDçȀ

+ń�fƦDç :	+ńƧLorentzf¨ƦƱƢơ�f
áÎ÷y�Dç :	àçÕ:ƧLorentzf¨ƦƱƢơ/f

Ŕmœ<çĵƦûą[1]ſqtǥƾǄǰÖĜµªzƦĪÚ[2]
� Lorentz�f�ƊüƷƠƅƶIĝ�ƺÿS

1.	ƾǲǖǰǐǄǊǫǲ

Lorentz�f�ƧqtƦa¸óƤyā�ƦǺƟ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

[1]	V.	A.	Kostelecký	&	S.	Samuel,	PRD	39,	683	(1989).			[2]	C.	H.	Lineweaver	et	al.,	Astrophys.	J.	470,	38	(1996).

ƔƉƔǵ

ƳƵŭƅċ�ơſvŬóƥLorentz�f�ƺÁįƔƛƅ
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1.2.	Lorentz�f�ƦÁį
1.	ƾǲǖǰǐǄǊǫǲ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

Ø Mansouri-Sexlçĵ ǳǳǳáÎ÷y�çĵƦÁįçĵƦǺƟ
Ž ƂĔyťËČƦn_ƃƂĔyťËČƥƈƎƶĈ¯�ƃƺ�u
Ž Lorentzf¨ƉƴƦƗƷƺƅƍƟƉƦǚǬǨǴǏơĢƖ

� Lorentz�f�ƊüƷƠƅƶbNſĔyťËČơƧƤƅ
ČƥƅƶĪÚěƉƴĨƶƢſ+ńƥð¯�ƊåƷƶ

Ø ǻăūƦ+ńƦð¯�

Y.	Michimura et	al.,	PRL	110,	200401	(2013). M.	Nagel	et	al.,	Nat.	Commun.	6,	8174	(2015).

Ƃßŉ+ńƦð¯�ƃ
ƺƳƵŭƅċ�ơ
ÁįƖƶ
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1.3.	ßŉ+ńƦð¯�ƦÚuDç
1.	ƾǲǖǰǐǄǊǫǲ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

Ø +ĻƦ�ŏƥlķ(ǊǭǇǲ/	! = 3.69)ƺ,Ʒƛ
Ŧyā+ǭǲǅ/¥W

Ø ßŉ+ńƦð¯�ƊƄƶbN

��QƵƦ/¥QÖ¬ ('(/*)	Ɗł¯PƥƗƷƶ
��QƵƦ/¥QÖ¬Ʀ� ('( − '* ∝ -.)	ƺÚu

.
+
-.

.
−
-.

�YƵƦ/¥QÖ¬ '( = '0 '( = '01 + -'

KYƵƦ/¥QÖ¬ '* = '0 '* = '01 − -'

ßŉ+ńƦ
ð¯�Ɗ
ƄƶbN

ƐƦ	ƥǊǭǇǲ



Ż�YƵƦ+
ǳǳǳ/¥â�ƥǰǒǄ
(ǯǴǉǴQÖ¬ '23456 → '()

↓

↓
ŻKYƵƦ+
ǳǳǳ/¥ƉƴƦƗƷƺÚu

∝ '( − '* ∝ -.
=ð¯�"L
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1.4.	vŬģę
1.	ƾǲǖǰǐǄǊǫǲ

Yļ

∝ '( − '* ∝ -.

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

ģę-�ƺÒ�¯PƥYļƒƘƶƐƢơſð¯�"LƺfĴ

�ð¯�ƧģęƦYļQÖ¬ƥåƷƶ

Ńň+ƺ1ƪ/¥Wƫ

.
+
-.

.
−
-.

Ʀ/¥ƉƴƦƗƷ
(∝ '23456 − '*)	ƺÚu

'23456 → '(

Ʀ/¥ƉƴƦƗƷ
(∝ '23456 − '()	ƺÚu
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2.1.	*ġûąƢƚƦǙƾǍÛ
Ø ßŉ+ńƦð¯�ơ�í¶ŭċ�

89
9 ≲ 6×10>?@ ƺŊ�


ƤǙƾǍÛƧYļƥƳƵé
ƕƶšŨ (¥@ȁ)

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

ťË´ƢYļ´ơ “ð¯�"L”	ƦǙƾǍǯǢǮƺÐĿ

2.	*ġûąƉƴƦ©ğÝ

��ƦõÆ��:	�10-17

YļƥƳƶǙƾǍƺťË´Ʀ
ǙƾǍǯǢǮƭơ�ƏƷƨſ
ǻÀ���±ǵ
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2.2.	šŨ�ÙƦƛưƦģęƦ©ğ
Ø *ġûąƦ��Ƨ¥@ơ9ŝƒƷƠƅƶƢĚƇƴƷƶ
�Yļ´ƦǙƾǍƺťË´ƦǯǢǮƭơ�ƏƶƛưſÊƦ
ǻăūƦģę©ğƺġƞƛ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

2.	*ġûąƉƴƦ©ğÝ

[õó] ¥@��ƺ�ÙƖƶ
[©ğÝ] ǣǕǌǏǮ+pČ

→ǎǦǩǙǭǊǒǄ+pČ

©ğÝ�:	+pČ

[õó] ¥@ƚƦƱƦƺ�ÙƖƶ
[©ğÝ] ǺYļƗƟ�K��ƥYļ

→�¯PƥņĕYļ

©ğÝ�:	ģęƦYļÉÄ
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2.3.	©ğÝ�:YļÉÄ (1/2)

Ø *ġûąǳǳǳţÑőė�ƦŐNơņĕYļơƋƤƉƞƛ
(KYƵƢ�YƵƺǺYļƗƟ��ƥĘƵŁƔƠƅƛ)

�YļƢ'ËƺĘƵŁƖƦơſƣƆƔƠƱ¥@ƊhƋƍƤƶ

ţÑ"Lė
ţÛǬƾǲ

ǯǴǉǴ

+pČ

ǩǴǏǴ

2.	*ġûąƉƴƦ©ğÝ

*ġûąƦǎǒǖƼǒǠ
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2.3.	©ğÝ�:	YļÉÄ (2/2)

2.	*ġûąƉƴƦ©ğÝ

Ø ţÛêƦǰǴǏǭǴǇǘǄǏſǕǴǏH�êƦÞėǕǴǏǰ
ǂǴƺ{,ƔſņĕYļƺvå � YļƦru�P�ǵ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

+pČ

ǩǴǏǴ

ǯǴǉǴ

9�êYĻ

å_ƦǎǒǖƼǒǠ
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2.4.	©ğÝ�:	+pČ (1/2)

Ø ¶ĐõÆǾǩǙǭǊǒǄ+pČ (+pĎmƺ»Ʀ�ƥö§§ú)
Ž+Ľƺ�ƍƖƶƐƢơ¥@��ƺ�Ù
Ž+pĎmƊ»Ƣ��ƥƤƞƠ@ƍƛưO÷šŨŞEƊ?ƍ

Ø ǩǙǭǊǒǄƧĴ­ƊŢƔƅƛưſƚƦ;ÏŠ
ƢƔƠ “ǎǦǩǙǭǊǒǄ+pČ”	ƺĦ�
Ž¥@��ƺ�Ù
ŽƼǬƾǨǲǖĴ­¯ÕƦýĲ
Ž+pĎmƦ§ú�ŪƦÁĭ

�ǩǙǭǊǒǄ+pČŚòƥƟƅƠÊƦÍëƍƻƊòĢ

2.	*ġûąƉƴƦ©ğÝ

D.	I.	Robertson	et	al.,	Class.	Quantum	Grav.	30,	085006 (2013).

ǦǬǴǤǮǐ
ƺ»ƥö§
ǘǋËư
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2.4.	©ğÝ�:	+pČ (2/2)

2.	*ġûąƉƴƦ©ğÝ

*ġûąƦ+pČ
(ǣǕǌǏǮ+pČ)

å_Ʀ+pČ
(ǎǦǩǙǭǊǒǄ+pČ)
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3.1.	ťË´ƦǙƾǍǯǢǮ
Ø ťË´ƥƟƅƠ “ð¯�"L”	ƦǙƾǍǯǢǮƺÐĿ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

3.	å_Ʀ��

ģęƦYļQÖ¬
(A6BC	~	0.1	Hz)	;�ơſ
ǙƾǍ�Ùƥ�=ǵ

ǯǴǉǴ��

PD

9�êYĻ

-'
'⁄


ƥ«�+yĉƦ?¾
(ƭƜ��2ęƦƮ)

å_ƦǙƾǍǯǢǮ (ťË´)

*ġûąƦǙƾǍǯǢǮ (ťË´)

«�+ȁ

∝ '( − '*
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3.2.	Yļ´ƦǙƾǍǯǢǮ
Ø Yļ´ƦǙƾǍǯǢǮ (ßŉ+ńƦð¯�ÚuƦ��)	ƺÐĿ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

3.	å_Ʀ��

ż+pČƺǰǒǄƔƛâ�
ơƦņĕYļƥ7�=

�YļƔƛƭƭƦâ�ơſ
¬´ś��ruóƥǰǒǄ
ƊĕƍƐƢƱýĲ

żǞǰƼǯǢǮƧõÆƢƔ
Ơƅƛ*ġûąƦťË´
ƦǙƾǍǯǢǮƭơ�Ù

ź YļQÖ¬ƥǝǴǄ
Ɗ3Ơƅƶ

ð¯�ƧYļQÖ¬
ƥåƷƶ

-'
'⁄

ǯǴǉǴ��

9�êYĻ

PD

YļQÖ¬
A6BC = 	0.083	Hz

å_Ʀ�� (Yļ´)

*ġûąƦ�� (Yļ´)
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3.3.	ǏǴǲǔǴǟǮƦ¥@ǯǢǮ
Ø ��ƺ9ŝƖƶǙƾǍÛƺĴƬƶƛưſǏǴǲǔǴǟǮƦ¥@
ǯǢǮƺÚu ---`ŤĬ(=ń�Ĭ)ơÚuƔƠf�ƥ¨Ċ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

3.	å_Ʀ��
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Yļ´ (A6BC = 0.083	Hz)

¥@ÚuƦǎǒǖƼǒǠ
(ǏǴǲǔǴǟǮƺù�ƉƴĨƛ[)

Yļ

ģęƺYļƒƘƶƢſ

áƥÒ�¯PƦ¥@
ƊhƋƍƤƶ

`ŤĬ
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3.4.	å_Ʀ��ƺ9ŝƖƶǙƾǍÛ
Ø 1Hz;�ƥƳƍ�ƛǌǣǄǖǮÄŅ
�*ġûąǳå_ƢƱ¥@ƥƳƵ��Ɗ9ŝƒƷƠƅƶ
�ģęƦ©ğƥƳƵ¥@Ʀ�ũƺÙƴƖƐƢƥ�=

�ƣƐƺđìƔƠǙƾǍƥƤƞƠƅƶƉƧ�² ---/¥Wřf@ȁ«�+ȁ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

3.	å_Ʀ��
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å_Ʀ��
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3.5.	YļQÖ¬ƥéƕƶǙƾǍ
Ø YļQÖ¬ǙƾǍƦDZ → ƭƜáuơƋƠƅƤƅ

+ńƦð¯�ƧģęƦYļQÖ¬ƥåƷƶƦơſ
DZƺáuƔƠǙƾǍƺ�ÙƖƶ�ħƊƄƶ

Ø ƐƷƭơĴƬƛƱƦ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

3.	å_Ʀ��

$ĥ ǙƾǍƥƤƶDZ Ĵ¿¯Õ

ģęƦYļĽ
Ʀ)Ƌ

ǏǴǲǔǴǟǮ�Ʀ�ƉƴĨƶƢ
œ<Ʀ¯PƊYļQÖ¬ơf@

ģęƊ�ƞƠƅƶ+pu
ôƑƢ)Ǝƶ

ècþb
(`þÑƤƣ)

þb	ƺţÑ"LėƊĸƶƐƢơ
ĳ{Ĺţ<ƊéƕƠYļQÖ¬ơf@

ǡǮǧǤǮǓǇƾǮơģ
ę-�ƥþbƺƉƎƶ

ǰǴǏǭǴǇǘ
ǄǏ(ţÛǬƾǲ)

ǇǘǄǏ0Ʀ£ %ƦŦ�Å�Ƥƣơ
ţÛǬƾǲƥYļQÖ¬ǙƾǍƊ,ƶ

Yļ´ƦţÛǬƾǲƦ
ǙƾǍƺÚu

�ƅƗƷƱ�ƦƢƐƸ
ƤDZƢƧƤƞƠƅƤƅ
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4.	ƭƢư
Ø *ġûąơ��ƺ9ŝƔƠƅƛƂģęƦYļƥƳƵéƕƶš
Ũƃƺ�ÙƖƶƛưƦ©ğƺġƞƛƀ

Ž¥@ƚƦƱƦƺ�ÙƖƶƛưſņĕYļơƋƶƳƆģęƺ©ğ
Ž¥@��ƺ�ÙƒƘƶƛưſ+pČƺǎǦǩǙǭǊǒǄƥ©ğ

Ø ©ğƒƷƛģęƺêƅƠſruóƥ+pČƺǰǒǄƔƛâ�
ơģęƺņĕYļƖƶƐƢƥ7ưƠ�=

Ø ģęƦ©ğƥƳƵſǙƾǍǯǢǮƊ�Ù

Ø ��ƧYļQÖ¬ƥåƷƶǙƾǍƦDZƺáuƔſ�ÙƖ
ƶ�ħƊƄƶ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)
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òĢƧ��ơƖ
ƄƵƊƢƆƑƓƅƭƔƛ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)
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��ĥĺ
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YļQÖ¬ǙƾǍƦ$ĥ

Ø ƐƷƭơĴƬƛƱƦ
ŽYļĽƦ)Ƌ Žècþb ŽǰǴǏǭǴǇǘǄǏ
��ƦƢƐƸYļQÖ¬ǙƾǍƦ
ƛƶDZƥƧƤƞƠƅƤƅ

Ø �ƥĚƇƴƷƶ$ĥ
Ž«�+đì
YļQÖ¬ơf@ƖƶDZƧ4ƉƴƤƅƊſ«�+Ğ�ƊƄƶƐ
ƢƧƹƉƞƠƅƶƦơſǜǴǧǐǲǠǳō+ƤƣƦyĉƊ�ħƀ

Ž+pČƦƩƗƮ
åâ+pČƧǏǴǲǔǴǟǮ�ƥö§\uƒƷƠƅƶƀǏǴǲ
ǔǴǟǮƥľƍ<ƺ>ƇƶƢð¯�"LƊǗǭǞǖƖƶƐƢƊ4Ɖƞ
Ơƅƶƀ+pČƦ\u¯ÕƺĨöƖ�ħƊƄƶƉƱƀ

ŽYļń�f@
ģęƦœ�ƦYļĽƉƴƗƷƤƣƥƳƵſYļń�ƊYļQÖ¬
ơf@ƀŋ�<f@ƲSagnac?¾ƥƳƞƠǙƾǍƥƤƶƀ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

ĥĺǌǬƾǗ
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+pČƦıď

lķƥƳƵſßŉ+ń
ƥ��ƺƱƛƘƶ

&+ī¼Õơ/¥
ƉƴƦƗƷƺÚu

Ńň+ƺ�ƝŁƖ
ǐǟǮǚǌÄ�

ĥĺǌǬƾǗ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)
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Mansouri-Sexlçĵ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

Ø Mansouri-Sexlçĵ ǳǳǳáÎ÷y�çĵƦÁįçĵƦǺƟ
Ž ƂĔyťËČƦn_ƃƢƂĔyťËČƥƈƎƶĈ¯�ƃƺ�u
Ž Lorentzf¨ƉƴƦƗƷƺƅƍƟƉƦƦǚǬǨǴǏơĢƖ

Ø Mansouri-SexlçĵƥƳƶƢſ+ńƧÊƦƳƆƥĢƒƷƶƀ
. J = 1 − 2L + 1 M cos J − Q + - −

1
2 MR sinR J − L − Q + 1 MR + U(MW)

ƛƜƔſ

L, Q, - ǳǳǳLorentzf¨ƉƴƦƗƷ
(áÎ÷yĵơƧ L = −?

R , Q =
?
R , - = 0 )

M ǳǳǳĔyťËČƉƴĨƛĪÚěƦńƒ
J ǳǳǳ+ƦŇƯ¯P

ßŉ+ńƦð¯�

ĥĺǌǬƾǗ

��+ńƦð¯�
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QÖ¬9�ƦǮǴǠ�ŊŜ¬

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)

ĥĺǌǬƾǗ
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ņĕYļvåƦƛưƦ©ğƦıď

Before	Ƕ�2013�Ƿ After

ĥĺǌǬƾǗ

ǰǴǏǭǴ
ǇǘǄǏ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)
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&+ī¼Õ

ŘƊk¬½Ʀǭǲǅ/¥W
ƥƧ&+Ŏ¢�ƊƄƶ

� p&+Ɗ/¥ƦƢƋſ
s&+ƧG/¥

s&+Ƨ-Ơ
Gz(G/¥)

p&+Ƨ/¥Ɖ
ƴƦƗƷƥ�ƕ
ƠGzƖƶ

ƐƷƴƺÖř»
ơ�ØƒƘƶƢſ
/¥ƉƴƦƗƷ
ƊƹƉƶ

ĥĺǌǬƾǗ

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)
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æŧĴRŜ¬ƥƳƶ~Ś

Ø +ńƦð¯�ƧæŧĴRŜ¬ơ~ŚơƋƶƀ
Ø “ßŉ+ńƦð¯�”Ƨ Z =k¬Ʀ�4ƥy�Ɩƶƀ

ĥĺǌǬƾǗ

Z = 0

Z = 1

Z = 2

Z = 3

Z = 4

Z = 5
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ǚǬǨǴǏƦ�ĩ

Ø YļQÖ¬ A6BC	~	0.1	Hz (·u)
�¸ÚuƺƖƶ;ƥĠƁƤńƒơYƔƠƮƠ¶ŌƤYļQÖ¬ƺÔưƶ

Ø ǯǴǉǴÖř λ = 1550	nmſ QÖ¬ ν = 1.9×10?`	Hz
Ø ,<ǚǱǴ a	~	40	mW
Ø Ǟƽǘǌ c	~	50ſ FSR	~	1.5	GHzſ FWHM	~	30	MHz
Ø /¥Wř i = 140	mm
Ø lķƦřƒ j = 20	mmſ lķƦ}¡ä ! = 3.69
Ø CMBťËČƥyƖƶjşČƦńƒ M = 369	km/s
Ƕ`æƦ.ļƦńƒ 30	km/sſ `æƦĞļƦńƒ 0.4	km/s	Ƿ

ĥĺǌǬƾǗ
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A.1.	ècþbƥƳƶǙƾǍ
Ø ƂYļƥƳƶšŨƃƺ�ÙƖƶƛưƦ©ğ

A.	þbƥƳƶšŨƢƚƦy2Õ

ŷ9�Čǳ+pČƦ©ğ

ŸņĕYļƦvå

Ø ƔƉƔſƚƦDZƧYļƦru�ƜƎơƤƍſ
ģęƦYļƥƳƵècþb(`þÑƤƣ)ƊšŨƥƤƶƐƢƊ8²

Ø ƐƐƉƴƧſ

ƥƟƅƠòĢƖƶƀ

ŹècþbƥƳƶšŨƦ
y2¯ÕƦýć

↓ƐƐƉƴƦİƦvŬǎǒǖƼǒǠ

�7ſƂYļƥƳƶšŨƃƧYļ
Ʀru�ƊDZƜƢĚƇƠƅƛ
ƛưſŷƢŸƺ©ğƖƷƨ��
Ɗ©VƖƶƢĚƇƠƅƛƀ

PDƦǐǴǄǙƾǍ
ƺÚu

(ƐƐƉƴƦİơƧǯǴ
ǉǴƧ�êƔƤƅ)
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A.2.	YļQÖ¬ǙƾǍ
Ø ģęƺYļƒƘƶƢYļQÖ¬ƢƚƦŭĴÖƥǙƾǍƊ3ƶ

(ģę0ƥƄƶPDǽƟ4ƺǠǰǒǖ)

A.	þbƥƳƶšŨƢƚƦy2Õ

ßŉ+ńƦð¯�"LƧYļQÖ¬(ƢƚƦŭĴÖ)ƥåƷƶ
�ƐƷƴƦǙƾǍƦDZƺáuƔſ�ÙƖƶ�ħƊƄƶ

PDƦǐǴǄǙƾǍ(ťË´) PDƦǐǴǄǙƾǍ(Yļ´)

YļQÖ¬

ħÓ%

Yļ

ŭĴÖ
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�ƐƷƺǑƿǒǄƖƶƛưƥſ
ècþbƺ�Ɲ×ƖPƋƥ
ǇƾǮơþbƺƉƎƠƮƶ

→Ē¾ƧÊƦǣǴǋ
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A.3.	YļQÖ¬ǙƾǍƦDZ (1/3)

A.	þbƥƳƶšŨƢƚƦy2Õ

�ǰǴǏǭǴǇǘǄǏƺ�ƹƤƍ
ƠƱYļQÖ¬ǙƾǍƥfA
ƧƤƅƦơſDZơƧƤƅ

gƉƴǏǴǲǔǴǟ
Ǯ�ƥţÛƺ!ē

�T�ţÑóƥgƢ
ƟƤƊƞƠƅƶ

B ^

ǿDZƢƔƠĚƇƴƷƛƱƦȀ

ǰǴǏǭǴǇǘǄǏ

ŷǰǴǏǭǴǇǘǄǏƉƴţÛ
ǬƾǲƥǙƾǍƊ,ƶȁ

Ÿècþb(`þÑƤƣ)Ʀ�ũȁ

ǇƾǮ
(ö�40cm)
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A.3.	YļQÖ¬ǙƾǍƦDZ (2/3)

A.	þbƥƳƶšŨƢƚƦy2Õ

Ø ècþbƺ�Ɲ×ƖPƋƥǇƾǮơþbƺƉƎƠƮƛĒ¾

ƉƎƛþbƦhƋƒ(ǇƾǮOeƦ	śÝơƦ%)	[μT]

Y
ļ
Q
Ö
¬
Ǚ
ƾ
Ǎ
Ʀ

¥
�

[V
]

Y
ļ
Q
Ö
¬
Ǚ
ƾ
Ǎ
Ʀ

�
÷

[d
eg
re
e]

��ƦƐƢƉƴècþ
b(`þÑƤƣ)ƊDZƢ
ĚƇƴƷƶƀ

ècþbƢOĂ�Ʀ
þbƺƉƎƛƢƋƥ
ǙƾǍƧ¶|

¶ƱƳƍècþbƺ
�Ɲ×ƖÝƺcƥ�
÷Ɗłļ
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A.3.	YļQÖ¬ǙƾǍƦDZ (3/3)

Ø ƣƐƉƴècþbƦ�ũƊ,ƶƦƉȁ

A.	þbƥƳƶšŨƢƚƦy2Õ

PD"LH�ê
ƦǆǴǟǮ

←ƐƦǆǴǟǮƉƴþbƦ
�ũƊ,ƶƢĚƇƴƷƶ

ǆǴǟǮƊþbƺÇ5ƶƢſĳ{Ĺţ<

Ɗéƕƶƀ

�þb lƊ�ÅƦbNơƱſ M⃗ƊYļƖƶƦơ
YļQÖ¬ƥǙƾǍƊéƕƶƀ

ǳǆǴǟǮƦńƒ M~0.3	m/s
ǳ ècþbƦhƋƒ l~20	µT
ǳ ǆǴǟǮƦřƒ Z~0.3	m
ǳ O÷šŨŞEÐ 1/10

p~0.2	µVƥƤƵſÚuƒƷƛ
YļQÖ¬ǙƾǍƦ¥�Ƣ
OƕǁǴǐǴƥƤƶƀ

Ø ǙƾǍƦhƋƒƺĨĄƱƞƠƮƶƢ…
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A.4.	YļQÖ¬ǙƾǍƺ×Ɩ¯Õ (1/2)

A.	þbƥƳƶšŨƢƚƦy2Õ

ǿ¯ŕȀ

þbƥƳƶǙƾǍƊ,ƞƛƭƭð¯�"LƺH� ǳǳǳ (a)

�ƴƷƛð¯�"LƦƆƝſþbƦx�ƺĬĊ ǳǳǳ (b)

(a)	- (b)	ƥƳƞƠſùƦð¯�"LƺÓưƶ

Ø ƚƦƛưƦ¯Õ
ȃȃȃ þÑǎǲǈƺǏǴǲǔǴǟǮƥƦƘƶ

��ƦģęƢ�ĖƥYļƒƘƠ
ǻǎǒǖƦÚuƺġƆƀ
ž
(Úu +	¸ï
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A.4.	YļQÖ¬ǙƾǍƺ×Ɩ¯Õ (2/2)

A.	þbƥƳƶšŨƢƚƦy2Õ

ǺǎǒǖõƦÚu(
(Úu)
PDƦǐǴǄǙƾǍƢþbƺO
´ƥÚƵſþbƉƴţ^ƫƦ
�ŊŜ¬ƺÓưƶƀ

ǻǎǒǖõƦÚu(¸ï)
ǯǴǉǴ+ƺ,ƷƠð¯�
"LƺH�ƖƶƀO´ƥþb

ƱÚuƖƶƀ

�ŊŜ¬	r	Ƨſ
s t = u t + rvl(t)

ƢƈƍƢſr A =
wxy∗ ({)
wyy({)

ơÓưƴƷƶƀ

ùƦPD
Ʀ3<

þbƥ
Ƴƶx�

ǰǂǴƥĮŗ
ƒƷƶǕǴǏ

��YƧð¯�"LơƧƤƍſ
ǻǎǒǖõƱPDƦǐǴǄǙƾǍƺÚu

Ø ǺǎǒǖõƥÓưƛ�ŊŜ¬ƢǻǎǒǖõƥÚuƔƛþbƉƴſ
þbƥƳƶx�ƺÓưƶƐƢƊơƋƶƀ
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A.5.	ĬĊĒ¾ (1/2)

þbƉƴţ^ƫƦ�ŊŜ¬

A.	þbƥƳƶšŨƢƚƦy2Õ

(a)	ǰǂǴƥĮŗƒƷƛǐǴǄǙƾǍƦ´Č6ǕǴǏ

(b)	�ŊŜ¬ƢÚuƒƷƛþbƉƴĬĊƔƛþbƦx�

(a)	− (b)

ǏǴǲǔǴǟǮǽQ4ƦǕǴǏ


(ÚuƦǕǴǏƉƴ

r A =
wxy∗ ({)
wyy({)

ƥƳƵĬĊ

Ǻǎǒǖõ(
(Úu)ƦĒ¾ ǻǎǒǖõ(¸ï)ƦĒ¾
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A.5.	ĬĊĒ¾ (2/2)

A.	þbƥƳƶšŨƢƚƦy2Õ

PDƦǐǴǄǙƾǍ(Yļ´ƦéǕǴǏ) PDƦǐǴǄǙƾǍ(ĬĊĒ¾)

Ø ĬĊƥƳƞƠþbƦ?¾ƺǃǪǲǎǮƖƶƐƢƊơƋƶǵ

YļQÖ¬

þbƦx�ƺ�ƋĊ

ħÓ%

°¸àçp� 2017�Āoh� (qŐwhp�ǃǪǲǚǌſ2017/9/15)



41

ǇƾǮơþbƺ�Ɲ×ƒƤƅçì

Ø ǇƾǮơö§þbƺ�Ɲ×ƖbNƦǕǨǭǒǖ

ź�¤ƞƠƅƶǇƾǮ(ö�40cm)ơƧ|ƒƖƌƶƀ
�ģę�ŀơ�ÅƤþbƺ�ƶƥƧö��1.4mƦǇƾǮƊ�ħƀ
��ƥhƋƤǇƾǮƺÜ(ơƋƠƱ”s-ƥ”�ÅƤþbƧơƋƤƅƀ

ź “s-ƥ”�ÅƤþbƺ�ƷƛƢƔƠƱſYļQÖ¬�4ƦǙ
ƾǍƧ×ƘƶƊſŭĴÖƦǙƾǍƧ×ƘƤƅƀ
�ŭĴÖƦǙƾǍƧþbƦŦ�Å�4ơéƕƶƀ
� “s-ƥ”�ÅƤþbƧ�ƷƤƅƦơſƯƔƸŭĴÖǙƾǍƧdƇƶƀ

ź`þÑƦ´śfAƥy�Ɩƶ¯ÕƺĚƇƤƍƠƧƤƴƤƅƀ

ĥĺǌǬƾǗ
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�ŊŜ¬Ʀ{3

s t = u t + rvl t → | A = } A − r(A)l A

uƦǚǱǴǌǣǄǖǮƧſ
a~~ = lim

Ä→Å
|É|Ñ

Ä = lim
Ä→Å

|Ö>Üá|Ñ

Ä
= aàà −2âä raàá + |r|Raáá

ƐƷƺ¶|ƥƖƶ�ŊŜ¬Ƨſr =
wxy∗

wyy

ƐƦƢƋſ a~~ = aàà −
wxy

Ñ

wyy
= aàà(1 − ãàá)

�	ãàá =
wxy

Ñ

wxxwyy
Ǿ ǇǛǴǯǲǌ (ǹ�ǺƦ%ƺƢƵſ÷ŜƦĂ�ƺĢƖ)

PDƦ
ùƦ3<

`þÑ
ƥƳƶx�

ǰǂǴƥĮŗ
ƒƷƶǕǴǏ

ǞǴǭǀf¨

���ơƧ�¬Ƨ-Ơ	A	ƤƦơøîƖƶƀ

ĥĺǌǬƾǗ

ÚuƒƷƛsƦǚǱǴ
ǌǣǄǖǮƉƴſþbl
Ƣ÷ŜƦƄƶ4ƜƎ�
ƅƛ�ƥƤƶƀ
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ƤƙþbǺ�4ƜƎơğƅƦƉȁ

Ǽ�4ƺ-Ơ�ƆƢƆƭƍƅƉƤƅçì

þbƺǼ�4�ƞƠƱOÅƥǄǰǌǌǣǄǖ
ǮƤƣƉƴ�ŊŜ¬ƺÓưƶ¯ÕƧƄƶƀ

�ƔƉƔſYļQÖ¬�ŀơáƥſþbƦ
M�4OeƦ÷ŜƊŦ�ƥ�ƍƤƶƀ÷Ŝ
Ɗ�ƅƢ�ŊŜ¬Ʀ�u�ƊhƋƍƤƵſ
ÌƔƍ�ŊŜ¬ƺÓưƴƷƤƅƀ

� ƆƭƍYļQÖ¬ǙƾǍƺǃǪǲǎǮơ
ƋƤƅƀ

Ǻ�4ƜƎơC4ơƄƶçì

ǏǴǲǔǴǟǮ�ŀơþbƊC4�
ÅƢƮƤƘƶƛưƀ

�ƚƦbNſ
ŻÒ�ǻ�4ƧYļQÖ¬ơC4
ƥ÷ŜƊƄƶƀ
ŻŖö�4ƧYļƥƳƵfAƔƤƅƀ

�vķǺĞì�ƔƉƤƍſǺ�4Ɯ
ƎÚƷƨC4ơƄƶƀ

ĥĺǌǬƾǗ

ñUǾþbƧǼ�4ƄƶƦơſ
s t = u t + rv?l? t + rvRlR t + rvWlW t

ƢƖƶƬƋơƧȁPDƦ
ùƦ3<

`þÑ
ƥƳƶx�

ǰǂǴƥĮŗ
ƒƷƶǕǴǏ
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ƤƙŭĴÖƥǙƾǍƊéƕƶƦƉȁ

Ø ècþbƺŷŸŹƦ�4ƥ4ī

ŷ Ƃ´śóƥ�ÅƃƉƟƂĆśóƥ�ÅƃƤ�4
→YļQÖ¬ƥǙƾǍƊ3ƶ

Ÿ ƂĆśóƥ�ÅƃƉƟƂQÖ¬ Aơ´śfAƖƶƃ�4
→QÖ¬ A − A6BC , A + A6BCƥǙƾǍƊ3ƶ
�þbƊǬǲǐǧƥ´śfAƖƶbNǝǴǄƥƤƴƤƅ

Ź Ƃ´śóƥ�ÅƃƉƟƂĆśóƥ 2!œÂ�4ƺƱƟƃ�4
→QÖ¬ (! ± 1)A6BCƥǙƾǍƊ3ƶ
� !Ƨ­¬ƤƦơǙƾǍǌǣǄǖǮƥǝǴǄƺ�ƶ
ŭĴÖƥéƕƶǙƾǍƦDZƢĚƇƴƷƶ

ĥĺǌǬƾǗ
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ŭĴÖƥéƕƶǙƾǍƦ 

Ø ŭĴÖƦǙƾǍƧþbƦŦ�Å�ơơƋƶ

( )	þbƦPƋƧ�ÅơſhƋƒƥXœÂ�4ƊƄƶbN

(1)		�ĽƦQƵƺ�YļƖƶƢſþbƦhƋƒƧ
sin 2ç6BCt ơfAƖƶƀ

(2)	��ČƉƴYļČƫƦ�Æf¨ƥƳƞƠ(1)ƥ
sin ç6BCt ƊƉƎƴƷƶƀ

ĥĺǌǬƾǗ

þb�ƅ

þb�ƅ

þb�ƅ

þb�ƅ

ȂȂ

sin 2ç6BCt Ŷ sin ç6BCt

YļQÖ¬ƢǼ#Ö�4Ɗéƕƶ

(1)	Ŧ�Å�Ʀx� (2)	YļƦx�
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