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�â�ÚOÃnØ©Û��, ØÓÄ$1õÇéAX0�ØÓ�áÂÚOÃG�. 3áÂ0�¥, �ZÙØ�
��A��1óÀ²{�ÚáÂ, 1óÀDÑò´; 3OÃ0�¥, �ZÙØ���A��1óÀ²{OÃ�Ú, 1
óÀDÑ�c. �©d�lf�æ­��Ç�§Ñu, ïá
��1n¥�1�DÑ�nØ�., Ó����m�
c�ê�)ÛL�ª; ?Ø
$ªÇã�1���Úy�, =�1�3$ªã¿Ø�XÄ$1õÇ�Or
\r,
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1 Ú ó

3 20 ­V 60 c�, �
ÔnÆ[JÑ�U�
3�1�âf, ù¿Ø�dÂ�éØÀâ.1967 c,

Feinberg uL “�1�âf��U5” Ø©, �Ñ

Ã�p�^!Ãg^��1�âf�þf|nØ,

@�Tâf´ Lorentz ØC5� Fermi f, �÷v
�éØ�¦ [1]. Bilaniuk Ú Deshpande[2] �JÑÏ
é�1�âf (tachyon ¯f) ��{. �´, 20 ­
V 60—70 c�é¯f�|Ï�¼¤õ. 90 c��
1�ïÄ2g¤�9:, �¹¹�ØÓ. '�3u
éþf���A±9é>^nØÚþfåÆ��
�Å (evanescent waves) ��\ïÄ, C½
�1�
ïÄ#�nØÄ:. 
�*âfBL���, �B
�m�~á�¯¢, �¦<�ú��1��±�É.

�@|^þf�BnØ?1�1�¢��´�I
���Æ� Ender Ú Nimtz, 1992 c¦�^�Å¢
y
ù« “�1�”, 3¢�¥¦�r#SA1 40

Ò��­N�3�Å1ªþ, ,�¦�©�ü´:

�´ÏL� 12 cm ���Å� (��³^), ,�´
ÏL���, ±1� c DÂ�DÑ�; ,�3ªà
°ÿü´&Ò����m�, (J´�\
��

Å��@´�&Òk��, ÏLO��Ñ&Ò3�
�Å�¥��Ý� 4.7c[3]. 1997 c Nimtz Ú Heit-

mann 2guLaq�¢�, �� 4.34c �+�Ý [4].

1993 c, \|4Zæ�ÆË�|©�� Chiao � [5]

ÏLÿþ��11fÏLA½LÈì��B�m,

y²
1f� “�1�” �B�A��3.

,�a�1�¢�´¦1óÀÏL�~ÚÑ
0��¢�. 1982 c Chu Ú Wong[6] *	���
�~ÚÑ�Ó����~��áÂ. Akulshin � [7]

3�U?°ÄXÚ|^>^aAáÂEâ��
�~���~ÚÑ (í�Ñ vg = −c/23000), �E
,�3��áÂ. 2003 c, Kim � [8] |^dEâ
*ÿ� −c/14400 �+�Ý. ,�«O���{´
d Steinberg Ú Chiao[9] JÑ, Wang � [10] y¢�|
^�é.ùOÃA5�)aAß²9p���ò
�ÇÚÑ, ùp dn/dω �ÎÒÚ EIT Eâ¥��.

2000 c, {I NEC ïÄ¤� Wang � [10] �
��
Í¶��1�¢�. ¦�¦1óÀÏL�~ÚÑ
G���í¿, ÿ�óÀ3í¿S�Kò´ (óÀ
�c) ´Ù3ý�¥�Þ��m� 310 �, =��

K�+�Ý vg = −c/ 310. 2003 c, Boyd � [11]

�ïÄØä�\, Schweinsberg � [12] |^�ZÙ

* �w�ÆI[?�8ý��Ä7 (1OÒ: 2009LDGY06)!�w�ÆÆ¬éÄÄ7ÚI[g,�ÆÄ7 (1OÒ: 10874062) ]Ï��K.
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Ø��Eâ3��1n¥*ÿ��¯1DÑy�.

2008 c, ¤�� [13] �3��1n¥¢y
1��
��DÑ. 2011 c, Qian � [14] |^pN��¡N
�Eâé��1n¥�+�Ýö�?1
�\�
ïÄ, 3��1n¥��
ú1Ú�1�DÑ. d
	, |^1n¥�É-Ùp�Ñ�L§9Ù¦Eâ
Ãã�¢y
�1�91���DÑ [15,16].

�©±��1n¥�ú1!�1�nØ9¢
�ïÄ(J�Ä:, d�lf�æ­��Ç�§Ñ
u, ïá��1n¥�1�DÑ�nØ�., Ó�
��
ê�)ÛL�ª. �
k�/��1n¥�
�1�DÑ, ÝºÙDÑA5, äNïÄ
$ªã
�1���Úy�, =�1�3$ªã¿Ø�XÄ
$1õÇ�Or
\�, 
3pªã�Ä$1õÇ
�Or
\r. 3 0—100 mW �õÇ��S, �`
zN�ªÇÚ���é�cþ�Ä$1õÇ�O
r
O�.

2 nØ�.

&Ò1ÚÄ$1÷X z ��DÂ, ÙDÑ�§
� [17]

∂

∂z
Pp = −R13An1 − γpPp,

∂

∂z
Ps = −W12An1 + W21An2 − γsPs.

(1)

�Ä�Ç�§Ú�[AÇ�§, ��æ­�âfê
©Ù�����5�©�§:

∂

∂t
N2 = Ps(0, t) [1 − exp{BsN2 − Cs}]

+ Pp(0, t) [1 − exp{BpN2 − Cp}] −
N2

τ
,

(2)

Bp =
Γpσ13

A
, Cp = Γpσ13ρL, Bs =

Γs(σ12 + σ21)
A

,

Cs = Γsσ12ρL; A L«n��,�k�¡È. Γs,

Γp � L & Ò 1 Ú Ä $ 1 � | � n � � , « �
­ U È © Ï f, Ù � � � , � » 
 C; σ12, σ13

©O�Ä�é&Ò1ÚÄ$1�áÂ�¡, σ21

�æ­��É-u��¡. Ú\��mUC�
{ u õ Ç & Ò � � D Ñ & Ò (½ ö Ä $) � N
� Ps(0, t) = P 0

s (0) (1 + ms cos ωt), æ­�âfê
�§� N2(t) = N0

2 [1 + δ · cos (ωt + φ)], K���
∂

∂t
N2(t) = −N0

2 δω sin (ωt + φ)

−N0
2 δω sin (ωt + φ)

= P 0
s (0) (1 + ms cos ωt)

×
[
1 − exp

{
BsN

0
2

× (1 + δ cos (ωt + φ)) − Cs}]

+P 0
p (0)

[
1 − exp

{
BpN0

2

× (1 + δ cos (ωt + φ)) − Cp}]

−N0
2

1 + δ · cos (ωt + φ)
τ

. (3)

��� z = L ?�ÑÑ1õÇ�L�ª

Ps(L, t) = P 0
s (L) [1 + m′

s cos (ωt + θs)] , (4)

Ù¥

m′
s =

√
(ms + BsN0

2 δ cos φ)2 + (BsN0
2 δ sinφ)2,

tan θs =
BsN

0
2 δ sinφ

ms + cos φBsN0
2 δ

.

� Bs

[
P 0

s (0) − P 0
s (L)

]
= κ, ���m�c�ê�

)ÛL�ª:

∆t =
sinφ · κ√

ω2 + ω2
eff + cos φ · κ

= (1/ω · 2π)

× arctan
− ω · κ√

ω2
eff + ω2√

ω2 + ω2
eff

+
ωeff · κ√
ω2

eff + ω2
. (5)

3 ©Û?Ø

|^�ZÙØ��Eâ30�áÂ1Ìþ�
)��9���, dÚÑ'X��7,¬Úåú1
9�1�DÑ [18]. 0�áÂ1Ìþ�)��9�
���6uÄ$1õÇ. dOÃnØ©Û��ØÓ
Ä$1õÇK�0��áÂG�. 30��áÂ«
�, ����1óÀ²{�ÚáÂ, óÀDÑò´;

30��OÃ«�, ��q��1óÀ²{OÃ�
Ú, óÀDÑ�c [19].

ÏLnØO� (ã 1 ��éN�P~�N�ª
Ç�'X, =1Ì����) �±w�, �Ä$1
õÇ�u 10 mW �, 0�?uOÃG�, 1óÀ&
Ò�c, �mò´�K. d��½1n�Ý� 10 m,

\�&Ò1õÇ� 1.5 mW, Ä$1õÇ©O� 10,

20, 30 Ú 40 mW. ÿþÑÄ$1� 30 mW ��Ä
��°��´ 97 Hz (half width at half maximum,

HWHM,). lÚÑ'X�Ý�Äù«A5: ùoÄ
���� (dªÌ«�S0��áÂXê:ì�C
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z) 7,éAXr��ÚÑCz, l
��1�É
~DÑ.

ã 1 ØÓÄ$1õÇe�éN�P~�N�ªÇ�'X

À ½ 1 n � Ý � 10 m, \ � & Ò 1 õ Ç
� 1.5 mW, O����m�c (ã 2 ¤«) Ú�
é�c (ã 3 ¤«) �éuÄ$1õÇOr�Cz
­�, ½Â�é�c� Fa = tafm, Ù¥ fm �N�
ªÇ, ta ��m�c. dCz­��±w�: 3$ª
Çã, �m�c�Ä$1õÇ��3�Ú�A, �
Ä$1õÇ� 30 mW �������m�c; 3
pªÇã, �m�c�XÄ$1õÇ�Or
\�.

dã 2 ��, �Ä$õÇ� 30 mW �, �����
�m�c� 1.57 ms, �A����é�c� 0.179,

d�N�ªÇ� 600 Hz. �ZÙØ��EâÒ´
30�áÂ1ÌþE¤��½�����), dÚ
ÑnØ��XdÄ���9���7,¬Úåú
19�1�DÑ. �Ä$1õÇ� 30 mW �, ��

 97 Hz ��°, dªÌ«�S0��áÂXê�
:ìCz, ��rÚÑCz��), 1óÀ�c�
���. �XÄ$1õÇ�ØäOr, ÚÑCz~
f, 1óÀ�c~�.

ã 2 ØÓÄ$1õÇe�m�c�N�ªÇ�'X

ã 3 ØÓÄ$1õÇe�é�c�N�ªÇ�'X

N�ªÇ©O� 20, 50 Ú 100 Hz �, �m�
c�Ä$1õÇ�Cz'Xdã 4 ¤«. ÏL
ã 4 �±w�, 3$ªÇã�m�c�Ä$1õ
Ç��ÚCz'X, d?�N�ªÇ©O� 20, 50

Ú 100 Hz, 3Ä$1õÇ� 30 mW ?���Ú,

�m�c����, ,��XÄ$1õÇ�Or,

�m�cØä~�. �JpÄ$1õÇ�, �m
�c�
ü$´duOÃ�Ú, é�ZÙØ��
�Ak�z�-ulfê8~�, Ï
����
fÚÑCz, dfÚÑ�Au���m�c. |
^O�Å�[1óÀDÑ, �Ñ
�Ä$1õÇ
©O� 10, 30, 50 Ú 100 mW �8�z�DÑÅ
/, d�N�ªÇ� 50 Hz, Xã 5 ¤«. ¤��
m�c©O� 1.08, 1.42, 1.36 Ú 1.06 ms, �A�
�1�©O� –9.250×103 m/s, –7.042×103 m/s, –

7.352×103 m/s Ú –9.433×103 m/s. éu�½�N
�ªÇ, k��Z�Ñ\Ä$1õÇ
�)��
��m�c. �XN�ªÇ�O\, ����m�
c~�, �Ä$1õÇ� 30 mW �, �����m
�c.

ã 4 N�ªÇ©O� 20, 50 Ú 100 Hz ��m�c�Ä$1
õÇ�Cz'X
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ã 5 N�ªÇ� 50 Hz �8�z�Ñ\ÑÑ&ÒÅ/

ã 6 N�ªÇ©O� 500, 1000 Ú 2000 Hz ��m�c�Ä
$1õÇ�Cz'X

ã 6 �pªã�m�c�Ä$1õÇ�Cz
'X. ÏLã 6 �±w�, 3pªÇã, �m�c
�Ä$1õÇ�O�
\�, ã¥N�ªÇ©O
� 500, 1000 Ú 2000 Hz. d�ZÙØ���Au)
�^���: �ûª (N�ªÇ)δ 6 1/T1 �, d�
ÙØ���AwÍ, 1/T1 �Ä�âfê¡E�m�
�ê, ���XN�ªÇ�O\, ���A��Ú
ÑCz~f, �m�c~�; 3pªã, 1n0��
ÚÑ�A~f, �d��XÄ$1õÇ�Or, é

�ZÙØ���Ak�z�-ulfê8O\, �
m�cO�, �m�c�Ä$1õÇ�O�
\�.

���é�cÚ�ZN�ªÇ�Ä$1õÇ
�Cz'XXã 7 ¤«. d?, ½Â�`zN�ª
Ç, =Ñy���é�c�N�ªÇ. lã 7 �±
w�, 3��1n¥����é�c�XÄ$1
õÇ�Or
O�. Ä$1õÇ� 100 mW �, �
��é�c�� 0.179, �`zN�ªÇ� 600 Hz.

3 0—100 mW �õÇ��S, �`zN�ªÇÚ
����é�cþ�Ä$1õÇ�O�
O�.

ã 7 ���é�c��`zN�ªÇ�Ä$õÇ�'X
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4 ( Ø

3áÂ0�¥, ���A��1óÀ²{�Ú
áÂ, óÀDÑò´; 3OÃ0�¥, ���A��
1óÀ²{OÃ�Ú, óÀDÑ�c. ²ïÄuy:

3$ªÇã, �1��3�Úy�, �1�3$ª
ã¿Ø�XÄ$õÇ�Or
\�, 
3pªã�
XÄ$õÇ�O�
\r. d�ïÄ�?�Úk�
��1n¥�1�DÑJø
kå�ïÄ�â, l

�±¢y1n¥1óÀ���DÑ.
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The research on saturation of fast light in
homogeneously broaden materials with gain∗

Qiu Wei† Lü Pin Ma Ying-Chi Xu Xiao-Juan Liu Dian Zhang Cheng-Hua

( Department of Physics, Liaoning University, Shenyang 110036, China )

( Received 9 November 2011; revised manuscript received 4 January 2012 )

Abstract

According to the analysis of gain theory, the absorption or gain of medium depends on pump power. The coherent population

oscillation leads the pulse to experience absorption saturation and propagation delay in a medium with absorption. This effect induces

the pulse to experience gain saturation and propagation advance in a medium with gain. Making use of the transition rate equation of

metastable state poplation, we develop the model of fast light in erbium-doped optical fiber and obtain the analytic expression of time

advance. We demonstrate that there is a saturation effect of fast light in low frequency region, but the fast light is enhanced with pump

power increasing in high frequency region.

Keywords: a material with gain, coherent population oscillation, fast light
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