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��A1�, 3T�Ä�ªACá�uAå�� �-ªÇÌ (L*Å�UÑÑ-ªÇÌ) ¥, Ø
U*	���ÿþ
�Ä�ª��ªÇ¤éA�� Cz	, ��ÿþ�Ä�ªÍÜ�Ù¦�Ä�ª�Ly���áÂ¸; l��áÂ
¸�5�, X¸ !¸°!¸p��±���AÍÜ�Ä�ª���ªÇ!�Ñ±9ÍÜrÝ�&E. ±�Û{å
ÆXÚ�~, ÏLÿþÛ{�Û=�Ä�ªACá�uAå�� �-ªÇÌïÄ
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1 Ú ó

g,.¥l÷*��*�?Ñ�3�«��
���XÚ, §�3	å�^e��A1�Ñ�±
^äkü �þ���f�. (ã 1(a)) ?1£ã:

ẍ + ω2
0 (1 + i tan φ) x = F0eiωt,

Ù¥, ω0 �����ªÇ, tanφ ���f�.�U
þÑÑ, F = F0eiωt �	Ü¤�\��CAå. 3
	Ü�CAå��^e, ��XÚu)�	åÓª
Ç�{��Ä x = x0ei(ωt−δ), δ L«��f� 
£ x �	å F �m�� �; � � δ 9��f�
�Ì x0 �ªÇäkXe'X:

δ (ω) = arctan
ω2

0 tanφ

ω2
0 − ω2

,

x0 (ω) =
F0

|ω2
0 − ω2 + iω2

0 tanφ|
.

ã 1(a), (b) L«� �!�Ì�ªÇ�Cz�
¹. lã 1 �±wÑ, �Xr½�ÄªÇ�O\, X

Ú�ÌÅìC�¿3��ªÇ��4��; � �
d δ = 0 (ω → 0) O�� δ = π/2 (ω = ω0) 2O�
� δ = π (ω → ∞), 3��ªÇNCu)�C, AC
�	\�CAå�mdÓ�Cz���, ù
Ò´
Ï~¤`���y�. 3¢�¥, ÏLÿþAC�
Ì�ªÇ�Cz�¹, �±ïÄ��y�, ���
�XÚ�5�, X��ªÇ!Uþ�Ñ!�þ$�
å~ê�. ,, g,.¥éõ�ÄXÚ�AC´
éJ��ÿþ�, Ïd, <�u²
�«m�ïÄ
��XÚ��{ [1], ~X: áÂ1Ì¥ÿþ�´Ø
ÓªÇ-u1ÏLÔ� (�f¥>f��fØ�¤
��XÚ) �1r�Cz, u)r�áÂ�Ì�¤
éA�Ò´��ªÇ; 3 20 V 60 c�, Fano[2]

JÑ3�fáÂÌ¥, du>f�lÑg>l��
ëY�m�ÍÜ, ¬��ÿþ(J¥ÑyØé¡�
�/. ÏLïÄØé¡��/�U��>flÑ�
�&E [3,4], Ïd Fano ��´�«|^ØÓ�Ä�
ª�pÍÜ�m�ÿþ�{. qXØ^��!>f
g^���, §�Ñk��ÓA:Ò´|^>^Å
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��	.-u, ÿþ>^ÅrÝ�Cz, ù´Ï�
>^ÅN´ö��ÿþ. 3ó�)�Ú�ï¢�¥,
·�¬-�éõåÆ��XÚ, X: �âÔ�/¤
�ìq(� [5]!p©fM�¥���(�� [6], §
�éÔ��5�åXû½5�^, ,·�éJ�
�ÿþ§�é	.-u��A1�; Ó�, Å�Å
�Å�'1Å�ÐA�êþ?, Ïd<�éJÚ|
^1Å��A^Å�ÅéåÆ��XÚ��q�
m�ÿþ. Ïd, XÛéJ±ÿþ�åÆ��XÚ
?1ïÄ´�cåÆ��XÚïÄ¥���é�
�]Ô.

ã 1 {ü��f�.3�CAåe��A (a) ACá�u
Aå�� �-ªÇ�; (b) AC�Aå�Ì�'-ªÇ�

�©JÑ�«m��{^u&ÿùaØ´�
�ÿþ�åÆ��XÚ. ÏLÿþXÚ¥,�´u
&ÿ��Ä�ªé	å��A1�, ¼�ÙACá
�uAå�� �-ªÇÌ (L*�Å�UÑÑ-ª
ÇÌ), =�3� �-ªÇÌþ¼���ÿ�Ä�
ªÍÜ�Ù¦Ø´��ÿþ��Ä�ª¤éA�
� Cz —— ��áÂ¸. l��áÂ¸�5�,
X¸ !¸°!¸p��±���AÍÜ�Ä�
ª���ªÇ!�Ñ±9ÍÜrÝ�&E, l¢
yéùaØ´��ÿþ��Ä�ª�&ÿ. �©±

�Û{åÆXÚ�~, y¢{\�?Ä�Ä�ª¬
3Û{Û=�ª�� �-ªÇÌ¥Ly���á
Â¸, ¿�±ÏLÿþÛ=�Ä�ª�� �-ªÇ
Ì¼�?Ä�Ä�ª��A&E.

2 åÆ��áÂÌ&ÿÍÜ�Ä�ª
��n

�Äü��pÍÜ���f�.Xã 2 ¤«,
�ü���f��þþ�ü �þ, Ù¥��f A
d���ë���½�p¡þ, ��f B Kd��
���f A �ë, ü���f©O��3�p¤�
Ý α �ü�1w�;¥$Ä.

ã 2 �kÍÜ�Ä���f�. (:Àã)

��f A, B ¥����ÑXê©O� tanφ,
tanφ1, Ù����ªÇ©O� ω0, ω1, �Äd�X
Ú3�^u��f A þ��C	å F = F0eiωt e
�r½�Ä, ©O± x, x1 L«��f A 9��Í
Ü���f B  l²ï �� £ (3�g$Ä
��þ �g�²ï �� £), XÚ�$Ä÷
v�§

ẍ + ω2
0 (1 + i tan φ) x

+ ω2
1 cos α (1 + i tan φ1) (x − x1)

= F,

ẍ1 = ω2
1 (1 + i tan φ1) (x − x1).

3É½�Äe, ��fþ��	åÓªÇ�{
��Ä, �±^Xe�L�ª©O£ã��f A
Ú B �$Ä:

x = x0ei(ωt−δ),

x1 = x10e
i(ωt−δ1),

Ù¥ δ Ú δ1 ©OL«ÔN M � m � £á�u
	å�� �. ò��f £�)�\�$Ä�§
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¥, �	Ì�Ä A � £�	å F �m�� �:

tan δ =
ω2

0 tanφ +
A

B
ω2 tanφ1

ω2
0 − ω2 − A

B

(
ω2

1 − ω2 + ω2
1 tan2 φ1

) ,

Ù ¥ A = ω2
1ω

2 cos α, B =
(
ω2

1 − ω2
)2 +(

ω2
1 tanφ1

)2
. ± � Ñ þ ã �   � � ª Ç C z

�'XXã 3(a) ¤«, �±wÑ, Ø
3��f
A �����ªÇ ω0  �� �Ñy 0 → π

�Cz	, 3��ÍÜ���f B �����ª
Ç ω1 ?Ñy
��I�ÍÜ�Ä�ª���á
Â¸.

?�Ú�	d�ÔN M ��Ì-ªÇ'X, ¿
±Ñ�Ì - ªÇ'XXã 3(b) ¤«:

x0 =
F0√(

ω2
0 tanφ +

A

B
ω2 tanφ1

)2

+
(

ω2
0 − ω2 − A

B

(
ω2

1 − ω2 + ω2
1 tan2 φ1

))2
.

�±wÑ, ÍÜ���f B é��f A ��
Ì�K���ué� ��K�, |^��f A �
 �-ªÇÌ�±é�Ù/�NÍÜ���f B �
&E. Ïd3ÍÜ�ÄXÚ¥, Ì�Ä�� ²w
É���ÍÜ�Ù¦�Ä�ª�K�, 3� �-
ªÇÌþ¬Ñy�ÍÜ�Ä�ª����ªÇ
�éA���áÂ¸, �±ÏLÿþÌ�Ä� 
�-ªÇ�5¼���ÍÜ�Ù¦�Ä�ª�
&E.

3 åÆ��áÂÌ&ÿÍÜ�Ä�ª
�¢~

3.1 ¢¢¢���CCC���

A^Xã 4(a) ¤«�Äu�Û{�åÆ��
áÂÌ¤��åÆ��áÂÌ&ÿÍÜ�Ä�ª
�¢yY~; �Û{�ÌNd.�Ú�½3þà|
e�½wÓ|�¤, {\eà�.��mY±�N
�¬, þàdQÚL�ÏLwÓ|¦�{\?u
ç�G�, {\þ�g�[^cÚ��º; �>^
��¥ÏL�C>6�, ¬�)���C^|, {
\3[^cÉ���C�^åe�ÓªÇ�r½
�Ä. n��¹e, Û{�±w�´��n��r
½�Ä���f�., �¢Sÿþ¥, {\Ø�U
?uýéç�G�, Ïd{\3�CÛ=	å�^
eØ
�Û=�Ä	, �¬7g�¶%�?Ä, ù
�«�Ä�ª�pÍÜ, Xã 4(b). {\�?Ä�
J��?1ÿþ, �¦^1m\��{�±�N´
/ÿþ{\�Û=�Ä: {\Û=��Ä{\þ�
½���º=Ä, ¦�1ÏL��ºì�3��
�1>³þ�1�u)£Ä, Ð©�1�ì�3�

��1>³�¥m, �mü¬1>³þ�>Ø�Ó,
�1�£Ä�, 1�3�mü¬1>³þ�©Ùu
)Cz, ?�)�C>6&Ò, ÏLéù�>6
&Ò?1æ8ÿþ, �±�A/¼�{\�Û��
Ä�� £. ÏL'�ØÓªÇ�C>6-ueÛ
=�Ä�� £�-u>6�m�� �, =�¼
�Û=�Ä�ª�� �-ªÇÌ.

ã 3 � k Í Ü � Ä � � � f � . 3 � C 	 å e � � A
(a) ACá�uAå�� �-ªÇ�; (b) AC�Aå�Ì
�'-ªÇ�
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3.2 ¢¢¢���(((JJJ

À�ð�5Ü7��Ûj�¬, ÿþ
Û{3

�C	å (���\�>|Ûå) �^e�ACá
�uAå�� �-ªÇÌ±9ð½AåÌ�eA
C��ÌªÇÌ, Xã 5 ¤«.

ã 4 åÆ��áÂÌÿÁ¤ (a) åÆ��áÂÌÿÁ¤�n«¿ã; (b) {\���, {\¬u)7¶�?Ä�Û=�Ä�
ÍÜ

ã 5 ð�5Ü7�åÆÌÿþ(J (a) ACá�uAå�
� �-ªÇÌ9?ÄÚå���áÂ¸; (b) AC��Ì-ª
ÇÌ

l ã 5 � ± w Ñ X Ú � � � ª Ç 3 55 Hz
N C, � Ì 3 d � � � � �, � A C Ú A å �

�   d Ó � = C � � �. 3 �   � ª Ç Ì þ
9.5 Hz NC, ÿþ��
��²w���áÂ¸,
ù � { \ ? Ä � Ä � � k ª Ç � C, ´ é ? Ä
�Ä�ª��N. 3éA��Ì-ªÇ�þ,
Kvkÿþ�²w�Cz, ùL²ÍÜ��Ä�
ªé� ��K�²w�uéAC�K�, �±
ÏLÿþÛ=�Ä�� �-ªÇÌ5¼���Í
Ü��Ä�ª�&E, ù�·��cnØ�[�(
J��.

ÏLN�{\���§Ý, é 9.5 Hz NC�
��áÂ¸?1[��ïÄ, uy�X{\��
�§Ý�\, ��áÂ¸�¸pÅìO\. ?
�Ú¦^nØ�.éÿþ�����áÂ¸?1

[Ü (Xã 6 ¤«), �±uy, n�ØÓpÝ�

ã 6 ÍÜrÝéåÆ��áÂ¸�K�
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��áÂ¸�[Ü����Ä�ª���ªÇþ
� 9.55 Hz, �Ñ tanφ1 þ� 0.03 �m, ùL²ù|
ØÓpÝ���áÂ¸´dªÇ!�Ñþ�Ó�
Ó�«���ª=?Ä�Ä�ªÚå�. ,��¡,
�X��áÂ¸pÝ�O\, éA�ÍÜXê©O
� 1.92× 10−3, 2.34× 10−3 � 2.70× 10−3, ùL²
�X{\��§Ý�O�, ?Ä�Ä�ª�Û=�
Ä�ª�m�ÍÜO�.

¢�(JL², �XÚ¥�3õ«�pÍÜ�
�Ä�ª�, ÿþÙ¥,«´u��&ÿ��Ä�
ª�� �-ªÇÌ, Ù¦���ÍÜ��Ä�ªò
3� �-ªÇÌþLy���áÂ¸, ÏLé��
áÂ¸� �!¸°!¸p�&E?1©Û, �±
O�Ñù
ÍÜ��Ä�ª���ªÇ!�Ñ±
9Ù�·�ÿþ��Ä�ª�m�ÍÜXê�&
E, l�±?�Úéù
Ø´��ÿþ��Ä�
ª?1ïÄ.

4 ( Ø

ÏLþã©Û9¢��±�ÑXe(Ø: ÍÜ
��Ä�ªéÌ�Ä�� K�wÍ, 3Ì�ÄA
Cá�uAå�� ��ªÇÌ¥, ÍÜ�Ä�ª
Ly�� �-ªÇÌþ���áÂ¸, ��áÂ¸
� �!°Ý�N
ÍÜ�Ä�ª���ªÇ!
�Ñ�&E; ��áÂ¸�pÝ�N
�Ä�ªm
�ÍÜrÝ. 3ïÄ�3õ«�pÍÜ��Ä�ª
�E,XÚ�, ÏL�ïÌ�Ä�ª¿ÿþÙ� 
�-ªÇÌ, �±�B/&ÿ@
Ø´��ÿþ��
Ä�ª, ¿�±ÏLïÄ� �-ªÇÌþ���á
Â¸�5�, éXÚ¥��Ä�ª?1�¦�ïÄ
Ú©Û, ù�·�ïÄE,XÚ¥��Ä�ªJø

�«éÐ�m�ÿþ�{.

[1] He Y K, Dong H R 1998 Chemical Analysis Handbook: Spec-
troscopy (Beijing: Chemical Industry Press) (in Chinese) [Û±¸,
Â¦T 1998 zÆ©ÛÃþ1n©þ - 1Ì©Û (�®: zÆó
�Ñ��)]

[2] Fano U 1961 Phys. Rev. 124 1866
[3] Tekman E, Bagwell P F 1993 Phys. Rev. B 48 2553

[4] Yong S J, Arkady M S, Change S K 2006 Physica Scripta. 74 259
[5] Liu R, Li Y C, Hou M Y 2008 Acta Phys. Sin. 57 4660 (in Chi-

nese) [4b, o×L, þ{k 2008 ÔnÆ� 57 4660]
[6] Lu K Q, Liu J X 2006 Introduction to Soft Matter Physics (Beijing:

Peking University Press) p694 (in Chinese) [º%�, 4M( 2006
^Ô�ÔnÆ�Ø (�®: �®�ÆÑ��) 1 694 �]

200509-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200509

Detection of a coupled vibration by mechanical
resonant absorption spectra∗

Yang Yue-Bin1) Zuo Wen-Long2) Bao Yan-Xiang3) Liu Shu-Yu3)

Li Long-Fei2) Zhang Jin-Xiu2) Xiong Xiao-Min2)†

1) ( School of Information Science and Technology, Sun Yat-Sen University, Guangzhou 510006, China )

2) ( State Key Laboratory of Optoelectronic Materials and Technologies, School of Physics and Engineering, Sun Yat-Sen University,

Guangzhou 510275, China )

3) ( Guangzhou East Campus Laboratory Center, Sun Yat-Sen University, Guangzhou 510006, China )

( Received 7 February 2012; revised manuscript received 14 April 2012 )

Abstract

In this paper, we propose a novel scheme of measuring a coupled but uneasy detected vibration mode through surveying another

much easier detected vibration mode in a complex mechanical system. Through measuring the frequency dependence of phase lag of

strain behind stress, i.e., the apparent mechanical dissipation-frequency spectrum, for the easy detected vibration mode, we are able to

obtain the corresponding resonant absorption peak for the coupled vibration mode in addition to the expected main system resonance.

By studying the observed resonant absorption peak: peak position, peak width and peak height, we can obtain the detailed information

about the coupled vibration mode: the intrinsic resonant frequency, dissipation and coupling coefficient. Through measuring the

apparent mechanical dissipation frequency spectrum of torsion vibration, the detection of the progression vibration about the pendulum

axis is presented as a representative example of our scheme.
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