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|^ê�O�(J, ïÄ
äkguË�p��Z�m� V .nU?�fXÚ¥�DÂ�A. ïÄL²: UC
&ÿ|Ú°Ä|�m��é �éÃ�=-1 (LWI) OÃÚrÝ�DÂål�Cz=�müzäk��K�;

�f�5\�Ç' (S) ÚòÑ�Ç (r0) �UCòé ��'� LWI OÃÚrÝ��müz�)²w�N��^.

3 S(r0) ��½����S, S(r0) ����, LWI OÃÚrÝ���rÝ��4��I��DÂål��; �Aµ
4XÚ¥ LWI OÃÚrÝ����9U�)OÃ�DÂålÑ�um�XÚ. Doppler �Aé LWI OÃÚrÝ�
�müz�äk²w�K�, �3 Doppler �A���� LWI OÃÚrÝ²w�uÃ Doppler �A���.

'�c: m�XÚ, 5\ÚòÑ�Ç, �é �, �müz

PACS: 42.50.Gy, 42.50.Nn

1 Ú ó

20 V 80 c�" Kocharovskaya Ú Khanin[1],
Harris[2] Ú Scully � [3] �UÕá/JÑ
�)Ã
�=-1 (LWI) �nØ�Y. LWI ��)´þf�
ZÚZ��(J, ØI�¢yâfê�=, ¤±�
±3A^DÚ-1nØÚ�{éJ$�Ø�U�
)-1�pª1Ì« (X- ��$� γ- ��«) �
)-1 [4]; ,	, LWI äk~�guË�D(Ú�
ÌØ �ÚO5� [5]. LWI �ïÄØ=äk�
�nØd��äk2,�A^cµ, Ï��Ú
å<��pÝÀÚ4�ïÄ,� (�ë�µØ
©Ù [6] Ú�CØ© [7−13] 9Ù¥�ë�©z). y
3·�é LWI �ïÄ�Ñ��{��V)Úo(.
LWI �ïÄ�±©�nØïÄÚ¢�ïÄü��
¡. �
~�©Ù�Ì,·�30�nØïÄ�¹

�òØ�Ñ�Aë�©z. nØïÄ�â�Ä��
ÝØÓkØÓ�©a�ª. 1) UïÄ8�©a,
Ì��) 1© �) LWI ��Y9é�) LWI �Ô
nÅ� ()º), 2© Jp LWI OÃ (=Ã�=OÃ)
�å», 3© LWI XÚ�½5©Û��f�A��
müz, 4© �«^� (1|rÝ!��!��Z"
Ë!Doppler Ð°!	\^|!DÂ�) é LWI 9
ÙOÃ�K�, 5© é LWI 9ÙOÃ��Z�� (X
e¡ò�9�guË�p��Z (SGC) Ú�é 
���). y3<�®²JÑ
�«�) LWI �
�Y¿�Ñ
�A�ÔnÅ� ()º). �,o�
`5 LWI ��)´þf�ZÚZ��(J, ��
) LWI ��YØÓKäNÔnÅ� ()º) �¬k
¤ØÓ. <�éÙ¦A�¡�SN ( 2©— 5©) �?1

2��\�ïÄ. ¢Sþ,   3��Ø©¥¬
�9±þ¤�ïÄSN�õ��¡, �´±,��
¡��:®. Cc5, 'u LWI 9ÙOÃ��
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Z��ïÄÚå
<��AO'5. 2) UnØï
Ä�5��©��²;nØ (�)�5nØ��
�5nØ) Ú�þfnØ, 8c�²;nØïÄ'
�¿©, ��þfnØïÄ��; 3) UäNïÄé
�Ì�©��fXÚÚ©fXÚ. 8cé�fXÚ
�nØïÄ�¿©, é©fXÚ�ïÄé�, �k
�O�öïÄ
��Nþf²¥� LWI ¯K. �
fXÚq�±©��U?XÚÚõU?XÚ (n!
o!ÊU?). �Ä��\�	|�U?�'X�,
õU?XÚq�3ØÓ�/ª. nU?XÚ�©
� V .!Λ .Ú Ξ ., oU?XÚkV Λ ., O Λ

., Y ., � Y ., N ., tripod .�,ÊU?9Ù±
þU?XÚk�õ�/ª. 8cé�U?ÚnU
?�fXÚ�ïÄ�õéoU?�fXÚ�ï
Ä��, �k4�O�ö�ïÄ�9�ÊU?Ú8
U?�fXÚ. �Ä��f�Ð©ý��¹, �f
XÚq�©�m�XÚ�µ4XÚ; 8céµ4�
fXÚ�ïÄ'�¿©, �ém��fXÚ�ïÄ
�é�. � LWI �nØïÄ�', du¢�^��
¦ép, LWI �¢�ïÄ?ÐK�é��. ¦+�
) LWI �nØýó@3 20 õccÒ®��Ñ, �
î8���=k 10 õ�'u*	�Ã�=���
¢���; ý�l¢�þ¼�
 LWI ���K�
k 4 ~ [14−17], ���� LWI Ä�áu��11
Ì«�. y3w5, �l¢�þ��pª1Ì« (X-
��$� γ- ��«) � LWI �I����m�ï
Äó�.

�)þf�ZkØÓ��{. ���¹e´
ÏL�Z°Ä| [4] ½Ð©�Z55\ [18,19] ¢y
�. ØÓguË�Ï��m�Z���±���Z
5, Ï~¡�guË�p��Z (SGC)[20,21]. 8c,
<�®²é SGC é�fXÚ¥�1Æ5�Úy�
�K�?1
2��ïÄ. ïÄL², SGC �A�
�3ò���\u�fXÚ�1| �é�fX
Ú�1Æ5�Úy� (�) LWI 9ÙOÃ) �)²
wK� [22−36]. ,	, Doppler �A [37,38] ÚDÂ�
A [39,40] ´K� LWI OÃ�ü��Ï�. DÂ�
A´�du°Ä|3�f0�¥DÂ���Ñ
����U?âfÙØ!&ÿ|OÃ (áÂ)!&
ÿ|Ú°Ä| Rabi ªÇ (rÝ) �0�¥�m �
�UCu)�Cz, =�müz. ©z [41—44]
©OïÄ
�3 Doppler Ð°�ØÓa.�nU?
�fXÚ¥�DÂ�A. Ù¥, ©z [41—43] ¤ï
Ä�Ñ´Øäk SGC �µ4�fXÚ¥�DÂ�

A;©z [44] ÄgïÄ
äk SGC �µ4 Λ .n
U?�fXÚ�DÂ�A. m��fXÚ´�µ
4�fXÚäk²w�O�,�a���fX
Ú. �µ4XÚØÓ, m�XÚ�f��Z5�±
ÏL�f?\-1nc�·�ý���; ,	,
m�XÚ'�A�µ4XÚO\
XÚ���ë
þ (�f5\ÚòÑ�Ç)[45−47]. �±ý�m��
fXÚ¥�DÂ�A7,Ðy,
�µ4XÚØ
Ó�A:, ÏdïÄm��fXÚ¥�DÂ�A´
�©7��. LWI ïÄ���K��´XÛJ
p LWI OÃ±¼���� LWI rÝ. �©ïÄ

äk SGC �m� V .nU?�fXÚ¥&ÿ|Ú
°Ä|�m��é �!�f5\ÚòÑ�Çé
DÂ�A (Ì�´ LWI OÃÚrÝ�müz) �K
�, ©Û
�3�Ø�3 Doppler Ð°ü«�¹�
��O. ·�uy, �é �éDÂ�Ak²w�
K�, �f5\ÚòÑ�Çé ��'�DÂ�A
kwÍN��^, ÏLÀJ·���é �!�f
5\ÚòÑ�Ç���, 3m�XÚ�±��'µ
4XÚ��� LWI OÃÚrÝ,  Doppler Ð°�
�3ò~� LWI OÃÚrÝ.

2 XÚ�.9�ÝÝ
$Ä�§

�Ä�m�� V .nU?�fXÚ, Xã 1 ¤
«. |1〉 ´Ä�U?, |2〉 Ú |3〉 ©O´ü�-u�
U?. 3U? |2〉 Ú |1〉 �m�\��ªÇ� ωc,
Rabi ªÇ� Ω = µ12 · εc/2~ ��Zr°Ä| εc,
3U? |3〉 Ú |1〉 �m�\��ªÇ� ωp, Rabi ª
Ç� G = µ13 · εp/2~ ��Zf&ÿ| εp. U? |1〉
Ú |3〉 �m�\�"Ë�Ç� 2R ���Z"Ë
|. U? |2〉 Ú |3〉 �U? |1〉 �guPC�Ç©O
� 2γ2 Ú 2γ3. U? |2〉 Ú |3〉 �U ? |1〉 � � [ª� � � ��� � � � � �� �� �� 	 � � 	 � 
 � � �  � � � �� � �

ã 1 m�� V .nU?XÚ
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Ç©O� ω21 Ú ω31. W1 Ú W2 ©O´U? |1〉
� |2〉 �âf5\�Ç, r0 ��f�|�p�^�
ln¥òÑ��Ç, ¿k r0 = W1 + W2.

3>ó4CqÚ^ÅCqe, äk SGC �
m � � V . n U ? X Ú � � Ý Ý 
 $ Ä �
§� [48]

ρ̇11 =2γ2ρ22 + 2γ3ρ33 − r0ρ11 − iΩρ12 + iΩ∗ρ21

− iGρ13 + iG∗ρ31 + 2R(ρ33 − ρ11)

+ 2η cos θ
√

γ2γ3(ρ23 + ρ32) + W1, (1a)

ρ̇22 = − (2γ2 + r0)ρ22 − η cos θ
√

γ2γ3(ρ23

+ ρ32) + iΩρ12 − iΩ∗ρ21 + W2, (1b)

ρ̇33 =2Rρ11 − (2γ3 + 2R + r0)ρ33

− η cos θ
√

γ2γ3(ρ23 + ρ32) + iGρ13

− iG∗ρ31, (1c)

ρ̇23 = − [γ2 + γ3 + R + r0 + i(∆3 − ∆2)]ρ23

− η cos θ
√

γ2γ3(ρ22 + ρ33)

+ iΩρ13 − iG∗ρ21, (1d)

ρ̇21 = − (γ2 + R + r0 − i∆2)ρ21

− η cos θ
√

γ2γ3ρ31

+ iΩ(ρ11 − ρ22) − iGρ23, (1e)

ρ̇31 = − (γ3 + 2R + r0 − i∆3)ρ31

− η cos θ
√

γ2γ3ρ21

+ iG(ρ11 − ρ23) − iΩρ31, (1f)

¿�÷v ρ11 + ρ22 + ρ33 = 1, ρ∗ij = ρji. ρii(i =
1, 2, 3) ´ � |i〉 þ � â f ê Ù Ø,  ρij(i 6= j)
L « � |i〉 Ú � |j〉 � m � � f 4 z. � § |
¥ ∆2(= ω21 − ωc), ∆3(= ω31 − ωp) ©OL«°
Ä|Ú&ÿ|��A�fU?�[�ªÇ��
�; η cos θ

√
γ2γ3 L«dguË�Úå�þf�Z

= SGC, θ �ó4Ý µ21 Ú µ13 �m�Y�. XJ
U? |2〉 Ú |3〉 �åv
C, Ò7L�Ä SGC �
A, d� η = 1, ÄK η = 0; XJó4Ý
� µ21

Ú µ13 ´��� (θ = π/2), Kvk SGC �A�3,
�§| (1) C�Ã SGC �A��m�� V .nU
?�fXÚ�ÝÝ
$Ä�§| [49]. � θ 6= π/2
�, K�3 SGC �A, θ ��ê��L SGC �A�
rÝ. � W1 = W2 = r0 = 0 �, �§| (1) C��
3 SGC �A��µ4� V .nU?�fXÚ��
ÝÝ
$Ä�§| [50].

du SGC �A��3, �fXÚ�5�Ø=
�6u�\�1|��ÌÚªÇ, ���6u1
|� �. Ïd, &ÿ|Ú°Ä|� Rabi ªÇ7L
��Eþ. XJ½Â φp Ú φc ©O�&ÿ|Ú°Ä
|� �, K

Ω = Ωc e iφc ,

G = Gp e iφp (ΩcÚGp�¢ê). (2)

�§| (1) ¥�Cþ�A/C�

ρ̃ii = ρii, ρ̃12 = ρ12 e iφc , ρ̃13 = ρ13 e iφp ,

ρ̃23 = ρ23 e iΦ, Φ = φp − φc. (3)

ò (2), (3) ª�\�§| (1) �, ���#½Â�
�ÝÝ
$Ä�§|Xe:

˜̇ρ11 =2γ2ρ̃22 + 2γ3ρ̃33 − r0ρ̃11 − iΩc(ρ̃12

− ρ̃21) − iGp(ρ̃13 − ρ̃31) + 2R(ρ̃33 − ρ̃11)

+ 2p∗ρ̃23 + 2pρ̃32 + W1, (4a)

˜̇ρ22 = − (2γ2 + r0)ρ̃22 − p∗ρ̃23 − pρ̃32

+ iΩc(ρ̃12 − ρ̃21) + W2, (4b)

˜̇ρ33 =2Rρ̃11 − (2γ3 + 2R + r0)ρ̃33

− p∗ρ̃23 + pρ̃32 + iGp(ρ̃13 − ρ̃31), (4c)

˜̇ρ23 = − [γ2 + γ3 + R + r0 + i(∆3 − ∆2]ρ̃23

− p(ρ̃22 + ρ̃33) + iΩcρ̃13 − iGpρ̃21, (4d)

˜̇ρ21 = − (γ2 + R + r0 − i∆2)ρ̃21

− pρ̃31 + iΩc(ρ̃11 − ρ̃22) − iGpρ̃23, (4e)

˜̇ρ31 = − (γ3 + 2R + r0 − i∆3)ρ̃31

− p∗ρ̃21 + iGp(ρ̃11 − ρ̃33) − iΩcρ̃31, (4f)

Ù¥ p =
√

γ2γ3 cos θη e iΦ.
b�°Ä|Ú&ÿ|��÷ z ����54

z|, 3úC�ÌCqÚ^ÅCqe, °Ä|Ú&
ÿ|�DÂ�§���Xe/ª [43]

∂

∂z
Ωc(z) =

3Nγ2λ
2
c

4π
Imρ̃21(z), (5a)

∂

∂z
Gp(z) =

3Nγ3λ
2
p

4π
Imρ̃31(z), (5b)

Ù¥, N �L�f�Ý, λc Ú λp ©O�L&ÿ|
Ú°Ä|�Å�.

�y3��, ±þ�?Ø��´�é·��!
Ã Doppler Ð°��fXÚ. �
ò Doppler �A
�Ä3S, 3�§| (4) ¥��� ∆2 Ú ∆3 I�^
�A���f$Ä�Ýk'��� ∆2(v) Ú ∆3(v)
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5�O, ∆2(v) Ú ∆3(v) �L�ªXe:

∆2(v) = ∆0
2 + ωcv/c, (6a)

∆3(v) = ∆0
3 + ωpv/c, (6b)

Ù¥, v ´�f�$Ä�Ý, Ù$Ä���Ó�D
Â�°Ä|Ú&ÿ|�DÂ����, c ´1�,
∆0

2 ≡ ∆2(v = 0) = ω21 − ωc Ú ∆0
3 ≡ ∆3(v = 0) =

ω31 − ωp ´�~ (�f·�) ����. ·�b½�
f�$Ä�ÝÑl Maxwell ©Ù, �Ä Doppler Ð
°�K��,

N(ν) =
N0

σ
√

π
exp

(
− v2

σ2

)
, (7)

Ù ¥, σ L « � � A � Ç. Doppler � 4 � Ð
°�

D = 2
√

ln 2
σ

c
ωp. (8)

� Ä � Doppler � A �, � § | (5) A � �
U� [43]

∂

∂z
Ωc(z) =

3γ2λ
2
c

4π

∫
N(v)Imρ̃21(z, v)dv, (9a)

∂

∂z
Gp(z) =

3γ3λ
2
p

4π

∫
N(v)Imρ̃31(z, v)dv. (9b)

&ÿ|�OÃ (áÂ) �'u ρ̃31 �JÜ. 3
·��P{¥, � Imρ̃31 > 0 �&ÿ|���,
� Imρ̃31 < 0 �&ÿ|��f. � ρ̃33 − ρ̃11 < 0
(=Ãâfê�=) Ú Imρ̃31 > 0 Ó��÷v�, K
ÑyÃâfê�=OÃ= LWI OÃ, ?�±�
) LWI.

3 ê�O�(J9?Ø

e¡·�|^ê�O�(J, ©O?ØØ�
3Ú�3 Doppler Ð°ü«�¹e&ÿ|Ú°
Ä|��é � Φ �UCé1|DÂ�A�K
�±9âfòÑ�Ç (r0) Úâf5\�Ç (W1

Ú W2) é�é ��'�1|DÂ�A�N��
^, ¿�òm�XÚ��Aµ4XÚ�¹\±é
'. 3±e�?Ø¥, �ãÑ¦^
Xeëþ�:
θ = π/4, γ3 = 2π × 3 MHz, γ2 = 3γ3, R = 0.7γ3,
λp = 780 nm, λc = 780 nm, ∆2 = 0, ∆3 = 0,
N0 = 2.0 × 1015/m3, 0�\�?�°Ä|Ú&
ÿ | � Rabi ª Ç © O� Ωcin = 2π × 25 MHz
Ú Gpin = 2π × 1 MHz. �
?Ø¯K��B,

·�-U? |1〉 Ú |2〉 �âf5\�Ç W1 Ú W2

�'� S, = S = W1/W2.

3.1 ÃÃÃ Doppler ���AAA���¹¹¹

Äk·�?ØØ�Ä Doppler �A��¹e,
�é �é1|DÂ�A�K�.

ã 2 �Ñ
 Φ �ØÓ�=�é �ØÓ�â
fê�� ρ̃33-ρ̃11!OÃ (áÂ) Xê Imρ̃31!&ÿ
|9°Ä| Rabi ªÇ Ωc 9 Gp �DÂål�Cz
=�müz.

ã 2(a) L², Φ �ØÓ��, �, ρ̃33-ρ̃11 ��
müzk¤ØÓ, � ρ̃33-ρ̃11 o´�u", `²âf
ê©ª´Ã�=�, ¤±éA�OÃ�� LWI O
Ã. dã 2(b)·��±wÑ:Ã Doppler �A�, �
é � Φ �UCéOÃ��müzäkwÍ�K
�. � Φ = 0 (==�Ä SGC �A) �, OÃ4��
���U�)OÃ�DÂål��; � Φ = π/2
�, OÃ������U�)OÃ�DÂål�á;
� Φ = π/4 �, ����OÃ4��ÚU�)OÃ
�DÂål�Ý�?u Φ = 0 Ú Φ = π/2 ü«�
¹�m; � 0 6 Φ1 < π �, éA Φ1 � Φ2(= Φ1 +π)
�ü^OÃ (áÂ) �'u Imρ̃31 = 0 ���é
¡, XéA π/2 � 3π/2 (0 � π) �ü^OÃ (áÂ)
�;  Φ éOÃ�K�äk±Ï5, ±Ï� 2π.
ã 2(c) L², Ø+ Φ ����, Ωc o´�DÂå
l�O�Åì~���ªu 0. lã 2(d) ��±
wÑ, � 0 6 Φ 6 π/2 �, Ø+�é �����,
�XDÂål�O�, Gp o´kO��~�, �O
Ã�"= Imρ̃31 = 0 ���4�� (�ã 2(b) é
'), ,� Gp Åì~�, ù´dud� Imρ̃31 ®�
K�=C�áÂ, ùw,�ÅUþÅð½Æ. Φ = 0,
Φ = π/4 Ú Φ = π/2 ùn«�¹�', 3 Φ = π/4
��±�����½ Gp �, Φ = π/4 (==�
Ä SGC �A) �, ��� Gp ���. � Φ = 0 �,
du&ÿ|©ª?uáÂG�, = Imρ̃31�K�, ¤
± Gp �DÂål�O�Åì~����½�.

e¡·�?ØUCâf5\�Ç' S ÚòÑ
�Ç r0 éDÂ�A�K�.

� r0 = 0.8 MHz, S �ØÓ��, âfê�
� ρ̃33-ρ̃11!OÃ (áÂ) Xê Imρ̃31!&ÿ|9°
Ä| Rabi ªÇ Ωc 9 Gp �DÂål�Cz=�m
üzXã 3 ¤«. ¢Sþµ4XÚ (closed system)
�Ò´ S = 0 �XÚ.
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ã 2 ØÓ φ ��, ρ̃33-ρ̃11, Imρ̃31, Ωc Ú Gp �DÂål z �Cz, Ù¥ S = 3, r0 = 0.8 MHz, D = 0

ã 3 ØÓ S ��, ρ̃33-ρ̃11, Imρ̃31, Ωc Ú Gp �DÂål z �Cz, Ù¥ Φ = π/4, r0 = 0.8 MHz, D = 0
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ã 3(a) L², �,du S �Czé ρ̃33-ρ̃11 �
müz�K�� Φ �Czé ρ̃33-ρ̃11 �müz�
K� (�ã 2(a)) ²wØÓ, �3m�XÚÚµ4X
Ú¥, ρ̃33-ρ̃11 Ño´�u", =âfê©ª´Ã�
=�, ¤±éA�OÃ�� LWI OÃ. dã 3(b) �
±wÑ: m�XÚÚµ4XÚ�OÃ��DÂål
�O\kO��~�, DÂ��½ål�OÃ=
C�áÂ; µ4XÚ¥OÃ9U�)OÃ�DÂå
lÑ�um�XÚ; 3m�XÚ¥, OÃ4��9
U�)OÃ�DÂål�� S ���O�O�.
ã 3(c) w«, m�XÚÚµ4XÚ¥�°Ä| Rabi
ªÇÑ�DÂål�O�üN~�, ��ªu";
°Ä| Rabi ªÇ~���Ý, 3µ4XÚ¥'3m
�XÚ¥¯, S ���' S ���¯. ã 3(d) L²,
m�XÚÚµ4XÚ¥�&ÿ| Rabi ªÇÑ´�
DÂål�O�kO��~�, �OÃ�"��
����, d�°Ä| Rabi ªÇ~��"; µ4
XÚ¥�&ÿ| Rabi ªÇ���²w�um�X

Ú, m�XÚ¥�&ÿ| Rabi ªÇ4��K� S

��O�O�.
3e¡�?Ø¥, ^� ρ̃33-ρ̃11 < 0 o´�÷

v�, =âfêo´Ã�=�, ¤±éA�OÃ
�� LWI OÃ. ,	, °Ä| Rabi ªÇ Ωc o´
�DÂål�O�üN~�, ��ªu", ¦+
3ØÓ�¹e Ωc ��müzk¤ØÓ. �
Ø
 ©Ù�Ì, ·�òØ2�Ñ ρ̃33-ρ̃11 Ú Ωc ��
müz.

� Φ = π/4, S = 3,  r0 �ØÓ��, Imρ̃31

Ú Gp �DÂål�Cz=�müzXã 4 ¤«.
¢Sþµ4XÚ�Ò´ r0 = 0 �XÚ. ã¥ r0 �
ê�´± MHz�ü .

'�ã 4 �ã 3 �±wÑ: òÑ�Ç r0 �UC
� S �UCé Imρ̃31 Ú Gp �müz5Æ�K�
aq, = r0 ����, OÃ9 Gp ���OÃ~�
� 0, Gp �����I��DÂål��; 3m�
XÚ¥����OÃÚ Gp ²w�uµ4XÚ.

ã 4 r0 �ØÓ��, Imρ̃31 Ú Gp �DÂål z �Cz, Ù¥ Φ = π/4, S = 3, D = 0

3.2 ���333 Doppler ���AAA���¹¹¹

y3·�?Ø�3 Doppler Ð°�&ÿ|Ú°
Ä|DÂ����f$Ä���Ó��é �!
âf5\�Ç'ÚòÑ�Çé1|DÂ�K�. ±
e?Ø¥ Doppler Ð°�� D = 100 MHz.

ã 5 �Ñ
 Φ �ØÓ��, Imρ̃31 9 Gp �D
Âål�Cz. '�ã 5(a) Ú (b) �ã 2(b) Ú (d)
�±wÑ: �Ã Doppler �A���¹aq, �
3 Doppler �A� Imρ̃31 Ú Gp ��müzé�
é �´�~¯a�; ��3�Ø�3 Doppler �
Aü«�¹e Imρ̃31 Ú Gp ��müz��3X²

w��O: 1)ÃDoppler �A�¹e, � 0 6 Φ1 < π

�, éA Φ1 � Φ2(= Φ1 + π) �ü^OÃ (áÂ) 
�'u Imρ̃31 = 0 ���é¡; �3 Doppler �
A��¹eù«é¡5Ø2�3; 2) k Doppler �
A����OÃÚ Gp ���Ñ�uÃ Doppler �
A���.

3k Doppler �A��¹e, � r0 = 0.8 MHz,
S �ØÓ��, Imρ̃31 Ú Gp �DÂål z �CzX
ã 6 ¤«.

'�ã 6(a) Ú (b) �ã 3(b) Ú (d) �±wÑ:
1) �Ã Doppler �A�aq, ��3 Doppler �
A�, S ����, OÃÚ Gp ����3OÃ
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� D Â å l � �; 2) Ø Ø ´ µ 4 X Ú (S = 0)
�´m�XÚ (S 6= 0), k Doppler �A�, �3
OÃ�DÂål'Ã Doppler �A�²wO�,
�OÃÚ Gp ����'Ã Doppler �A�²w
~�.

3k Doppler �A��¹e, � S = 3  r0 �
ØÓ��, Imρ̃31 Ú Gp �DÂål z �CzXã 7
¤«. ã¥ r0 �ê�´± MHz�ü .

'�ã 7 Úã 4 �±�Ñ�'�ã 6 Úã 3 Ó
��(Ø, �´I�ò S �¤ r0.

ã 5 Φ �ØÓ��, Imρ̃31 Ú Gp �DÂål z �Cz, Ù¥ S = 3, r0 = 0.8 MHz, D = 100 MHz

ã 6 S �ØÓ��, Imρ̃31 Ú Gp �DÂål z �Cz, Ù¥ Φ = π/4, r0 = 0.8 MHz, D = 100 MHz

ã 7 r0 �ØÓ��, Imρ̃31 Ú Gp �DÂål z �Cz, Ù¥ Φ = π/4, S = 3, D = 100 MHz
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I � ` ² � ´, ± þ ? Ø ¥ ' u r0(S)
é Imρ̃31 Ú Gp � m ü z � K � � ( Ø � ´
é r0(S) ��½��«mâ¤á. ·��ê�O
�(JL², � r0(S) O���½� r0m(Sm) �,
OÃ4��9�A�&ÿ| Rabi ªÇ4��òØ
2� r0(S) ��UYO�O�, r0m(Sm) ���
�Ù¦XÚëþ������'.

�â°Ä| Rabi ªÇ Ωc Ú&ÿ| Rabi ª
Ç Gp �½Â��, Ωc 9 Gp �DÂål�Cz=
´°Ä|Ú&ÿ|rÝ�DÂål�Cz. éA
uÃ�=�¹�&ÿ|rÝ�Ò´ LWI rÝ.

4 ( Ø

�©ïÄ
3äkguË�p��Z�m�
� V .nU?�fXÚ¥, �3ÚØ�3 Doppler
�Aü«�¹e, &ÿ|Ú°Ä|�m��é 

�!âf5\�Ç'ÚòÑ�Ç�UCéÃ�=
-1 (LWI) OÃÚ&ÿ-1| (= LWI |) rÝ�
müz�K�. ·�uy: 1) �é �é LWI O
ÃÚrÝ��müzkwÍ�±Ï5K�, ±Ï
� 2π; ÏLÀJ Φ ����±¼���� LWI
OÃÚ����3OÃ�DÂål, l¼��
p� LWI rÝ; 2) �fòÑ�Ç (r0) Ú5\�Ç
' (S) é��é ��'� LWI OÃÚrÝ��
müzk²w�N��^; 3 r0 Ú S ��½��
��S, LWI OÃÚ&ÿ|rÝ� r0 Ú S ���
O�O�; m�XÚ�¼�'�A�µ4XÚ�
�õ� LWI OÃÚ&ÿ|rÝ; 3) k Doppler �A
�, �3 LWI OÃ�DÂål²w�uÃ Doppler
�A���; k Doppler �A���� LWI OÃ�
��Ú LWI rÝ���Ñ�uÃ Doppler �A�
��.
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Effects of modulation of atomic injection and exit rate
on spatial evolution of phase-dependent lasing without
inversion gain and intensity in an open V-type system∗
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Abstract

The propagation effect in an open V-type three-level atomic system with spontaneously generated coherence is studied by

numerical calculation. The results show that changing the relative phase between the probe and driving field has an important ef-

fect on variations of gain and intensity of lasing without inversion (LWI) with propagation distance, i.e. spatial evolution; variation

of ratio (S) between the atomic injection rate and atomic exit rate (r0) has a remarkable modulation role in phase-dependent spatial

evolution. In a certain range of S (r0), with value of S (r0) increasing, LWI gain and intensity increase and the propagation distance

needed for reaching an intensity maximum value becomes longer; In a corresponding closed system, the maxima of LWI gain, intensity

and the propagation distance along which the gain can be produced are smaller than in an open system. The Doppler effect also has

an obvious influence on spatial evolutions of LWI gain and intensity, values of LWI gain and intensity are smaller in the presence of

Doppler effect than in the absence of Doppler effect.

Keywords: open system, injection and exit rates, relative phase, spatial evolution lasing without inversion, gain
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