
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 020301

üüü>>>fff333¹¹¹kkkVVVUUU???���fff������nnn¥¥¥���ÑÑÑ$$$111���
¤÷� �å�†

( �²�ÆÔn�Æ�EâÆ�, �² 225009 )

( 2011 c 1 � 3 FÂ�; 2011 c 5 � 6 FÂ�?Uv )

�©�E
��¹kVU?�f��nXÚ, ^5�[��¹kVU?þf:��nXÚ, ¿ïÄÙé>fÑ
$1��K�. ÏLéTXÚÑ$�§�¦), �Ñ
XÚÑ$Xê�äNL�ª, ,�ÏLN��n9�f��
�A5±9üö�ÍÜ5�, ïÄ
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1 Ú ó

þf:´B�ºÝe�O"�(�, ��´d
A��f½A���f�¤, duÙ3)·�Æ!
��N�Æ!þf1Æ!þf&E�+��3X
2,�A^cµ, ÏéÙÔnA5�ïÄ´y�
0*ÔnïÄ¥���c÷�K. Äu��nþ
f�A��N�nXÚ´�a;.�0*XÚ, y
3®²�±|^B�\óEâ\óÑõ«/G�
�nXÚ, |^��nXÚ�±�E�«þf:(
� [1−3]. duCc5þf&EÚþfO���'ï
ÄuÐ×�, þf:�1þf�Aq´¢yþf
&E��DÑÚO����k��{, AO´/^
¤Ù�1nDÑEâ¢yþf&E��DÑ, ´�
��ïÄ��, ¤±3'uþf:�1ÆÑ$5
��¡, IS	ÑmÐ
�X��ïÄó� [4−12].

|^ØÓ5���f½�fì��nXÚÍ
Ü�±�EÑõ«/ªþf:XÚ, æ^�U?
�f½�fì5�Eþf:, duXÚ���á5
��{ü, N´?ØÚ©Û, ¤±Cc5'uùa
XÚ�ïÄó�ÅìmÐå5, ~X Srinivasan �
�[?Ø
�U?þf:��nÍÜXÚ�1Æ
Ñ$1�, Ì�?Ø
�nXÚ�þf:m�ÍÜ
A�é1fÑ$1��K� [13], ISyô��?
Ø
nU?þf:��nÍÜXÚ�Ñ$1�, w

«Ñ
�õ�ÍÜ#A�, ¿�\�C¢S�0*
XÚ [14].

�´�Ä�yk�Eâ^�, 37¡þ�ï�
��1ÆXÚ�'�(J, ¤±, ·�@�ATé
þf:¥>fÑ$1��ïÄ\±'5, �ï
���B�>fÑ$ì�Úÿþì��±|^D
Ú�7\óó²�±¢y, ¤±ù��ïÄó�
k|u37¡þ¢yþf&E�?nÚD4. y
�ã, 3$§�¸e, ®²�±3B�(�ºÝe
|^¥Õ{ly�¢y°(�ü>fDÑ���
ü>f¬N+ (SET)[15,16], ¿��±¢y�5��
8¤, w,ùéu�5þfO���OÚ¢yä
kd3�íÄ�^, y3ù�¡��'ó��'�
õ [17−20]. �©�ï
��VU?�f��nÍÜ
XÚ, ^5�[��¹kVU?þf:���nX
Ú. ·�Ì�ïÄ
ü>f3T�nXÚ¥�Ñ$
1�, ±d
)VU?þf:é>fÑ$1��K
�, ¿ÏLUCþf:���á5±9þf:��
n�ÍÜA5¢yé>fÑ$�þfN�.

2 Ñ$XÚ�.9nØúª

Xã 1 ¤«, XÚd���nNÚüã[�+
�¤, [�+é¡/ë�3nN�üà, 3nN
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¥, ��k��VU?�f, nN�äkü���
U?, >flÙ¥���+5\, ¿?\nN, 3n
N¥��f?1�p�^, �ª>flüà��+
¥Ñ$Ñ5.

ã 1 L,R ©O��m�+Ü©, ¥mÜ©���n, A �nN
¥��U?�f

�
?Ø��B, ùp�ÄÑ\�>f6�Ý
4�, 3�Ñ
>fm��p�^�, �±Cq�
ü>f\��/, nN�AÛº��éu>f�
Å�5`���õ, �±Cq��� δ ³, �+
�°Ý��u>f�Å�, Ï[�+�±Cq�
��O��(�. 3ù���Äe, XÚ�M�î
�±L«�
1
~
Ĥ = ωĉ†ĉ +

2∑
i=1

ωiâ
†
i âi +

∑
k

2∑
i=1

Vik(ĉ†âi + â†
i ĉk)

+g(b̂†eb̂gâ
†
1â2 + b̂†gb̂eâ

†
2â1)

+Ωeb̂
†
eb̂e + Ωgb̂

†
gb̂g, (1)

ùp� ω ´�+¥DÑ>f��ªÇ,ĉ†(ĉ) �+¥
DÑ>f��) (�v) �Î,ω �nN¥>f�1 i

�U?��ªÇ,â†
i (âi) ´nN�1 i �U?��

) (�v) �Î,Vi ´nN�1 i �U?��+�m
���U,b̂†g(b̂g) ´Ä��f�Ä��) (�v) �
Î,b̂†e(b̂e) ´�f�-u��) (�v) �Î,Ωg, Ωe

©O��fÄ�Ú-u���ªÇ,g ´>fÚ�
f�m�^rÝ.

�
O��B, ·�ò�+¥�>f©��1
�>fÚm1�>f εR = ~ωkR ,εL = ~ωkL , ùp
� R Ú L eI©OL«�+¥>f��1�Úm
1�. 3²¡ÅÄe, XÚ�N�M�î�±L«
�

1
~
H =

∫
dxĉ†R(x)(−vg

∂2

∂x2
)ĉR(x)

+
∫

dxĉ†L(x)(−vg
∂2

∂x2
)ĉL(x)

+
∫

dxδ(x)
∑

i

Vi[ĉ
†
R(x)âi

+ĉ†L(x)âi + ĉR(x)â†
i + ĉL(x)â†

i ]

+ω1â
†
1â1 + ω2â

†
2â2 + Ωeb̂

†
eb̂e

+Ωgb̂
†
gb̂g + g(b̂†eb̂gâ

†
1â2 + b̂†gb̂eâ

†
2â1). (2)

eXÚ�G�¼ê^ |Ψk(x, t)〉 = eiεt/~ |φ(x)〉 L
«, Kd½�Å½��§k

H |φ(x)〉 = ε |φ(x)〉 , (3)

ùp� ε ´��XÚ�oUþ.
b�>f´l��+�\, éuü>f\��

�¹, XÚ�G�¼�±L«�

|φ(x)〉 =
∫

dx
[
ψR(x)ĉ†R(x) + ψL(x)ĉ†L(x)

]
b†g |0〉

+
∫

dx
[
ϕR(x)ĉ†R(x) + ϕL(x)ĉ†L(x)

]
×b̂+

e |0〉 + nâ†
2b

†
g |0〉 + mâ†

1b
†
e |0〉 , (4)

ùp |0〉 L«��nN¥ÃD�>f.(4) ª¥�1
��L«�+¥�Ñ\>f�Ú�5Ñ���D
�>f, 1��L«�+S��5Ñ���D�>
f, 1n!1o�L«>f3nNS�G�Ú�f
�G�.

ò (4) ª�\�½�Å½��§ (3) ¥��

(Ωg − ε − vg
∂2

∂x2 )ψR(x) + δ(x)V2n = 0,

(Ωg − ε − vg
∂2

∂x2 )ψR(x) + δ(x)V2n = 0,

(−vg
∂2

∂x2 + Ωe − ε)ϕR(x) + δ(x)V1m = 0,

(−vg
∂2

∂x2 + Ωe − ε)ϕL(x) + δ(x)V1m = 0,

(ψR(0) + ψL(0))V2 + (ω2 + Ωg − ε) n + gm = 0,

gn + (ω1 + Ωe − ε) m = 0.

(5)
b½>f´d��+�\, K�+S�Å¼ê�±
L«�

ψR(x)=eikx [θ(−x) + tθ(x)] , ψL(x)=re−ikxθ(−x),

ϕR(x) = t′eik′xθ(x), ϕL(x) = r′e−ik′xθ(−x),
(6)

Ù¥ t, r �>f²��nN?1�5Ñ���ß�
ÌÚ��Ì,t′, r′ ��A���5ß�ÌÚ��Ì.
ò (6) ª�\� (5) ª¥�)�

t=

(ε−ω)

(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
−g2

(
ε−ω− V 2

2

i
√

(ε+ω1) vg

)(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vrmg

)
−g2

,
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r=

(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
V 2

2

i
√

(ε+ω1) vg(
ε−ω− V 2

2

i
√

(ε+ω1) vg

)(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
−g2

,

t′ = r′

=

gV1V2

i
√

(ε+ω1−Ω)vg(
ε−ω− V 2

2

i
√

(ε+ω1) vg

)(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
−g2

,

n=

(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
V2(

ε−ω− V 2
2

i
√

(ε+ω1) vg

)(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
−g2

,

m=
gV2(

ε−ω− V 2
2

i
√

(ε+ω1) vg

)(
ε−Ω− V 2

1

i
√

(ε+ω1−Ω) vg

)
−g2

. (7)

ùp�
�B, ëê#IÝ� ε − Ωg − ω1 →
ε, ω = ω2 − ω1, Ω = Ωe − Ωg.

3 (J�?Ø

� g = 0 �, dunNS�>f��fÃ�
p�^, XÚÃ��5Ñ�L§, Ñ\>f�U
þ ε/~ ≈ ω �, =��nN��[ª�, >f��
nN�mÑy�����, ß�Ç |t|2 = 0, ��
Ç |r|2 = 1, XÚ�k�5Ñ�L§. �X g ÅÚ
O\, Xã 2 ¤«, >f3�n¥��f�p�^
rÝ�Åì\�, lã¥�±wÑ, �\�>f�
Uþ©O� ε/~ ≈ ω ± g �, XÚw«Ñü���
:, �3��:?���Ç�� 1, dã 3 �±w
Ñ, d����5��Úß�Ç�Ø2� 0, XÚm
©Ñy��5Ñ�L§, ü���:�m�må�
� ∆ε/~ ≈ 2g, � g → 0 �, ü���¸Åì�C
¿Ü¿�����¸, XÚ£8� g = 0 ���/.

ùpI�`²�´XÚ�Ñ$A5���
nN�Äª ω1 kX��²w��6'X, Xã 4
¤«, ��:� ��X ω1 CzÄ�ØC, Ä�þ
�´?u ε = ω ± g ü:, �lã¥�±²wwÑ,
� ω1 ���, ��¸C���´÷, �5��Ç�
¸�:�pÝ' ω1 �����/�$L�õ. ù
Ì�´duDÑ�3��:NC�A5î�
6uG�¼3�nNüà�� �, G�¼��

 q�'uDÑ>f�Äþ ~k, gdâf�Uþ
ÚÑ'X��Ô�, Ï3$U«, G�¼�� 
�Uþ�Cz��²�, ���nNÄª ω1 ò
XÚ���:í�$Uà, ù¦��� ω1 �/e
�DÑA5�3��:NC�Cz��²�, �
�¸Òw����; 3pUàTT��, G�
¼�� éUþ�Cz4�¯a, �éu��:�
��UþB¨Ñ¿�X� �:ìCz, ¿¿�X
XÚ�î��, ���nNÄª ω1 òXÚ�
��:í�pUà, ùÒ¦��� ω1 �/e�Ñ
$A5�3��:NC�Cz4�ì�, ¿/¤
kb���¸.

,	, e�nN��+�m���U V1 Ú V2

'>f��f�m���U g ��õ�, �nN
¥�>f��f�m����^éXÚ�Ñ$A
5�K�Ò¬C��~�f. Xã 5 ¤«, ÅìO
\ V1 Ú V2, Ñ$�3 ε/~ = ω NC���ÇÅ
ìO\, ���¸�°Ý\�, �X V1 Ú V2 UY
O\, d>f��f����^¤/¤�V¸(�
�ÅìKÜ�3 ε/~ = ω ?���ü¸(�, �
¸�:���ÇÅìªCu |r|2 → 1, ß�Çª
C |t|2 → 0, ù«�/w,aqu g = 0 ��Ñ$
A5, XÚ�Ñ$A5�±Cqn)��ÑK>f
��f��p�^��Ñ$1�.

3�N���/e ω 6= Ω, - ∆ω = ω − Ω, ¿
½Â��Ý� |∆ω|, ã 6 ¤«� ∆ω > 0 Ú ∆ω < 0
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ã 2 � ω = Ω = 10, g = 1, V1 = V2 = 1, ω1 = 40 �, �5
ß�Ç |t|2 Ú�5��Ç |r|2 �\�>fUþ��6'X

ã 3 � ω = Ω = 10, g = 1, V1 = V2 = 1, ω1 = 40 �, ��
5ß�Ç |t′|2 \�>fUþ��6'X

ã 4 � ω = Ω = 10, g = 1, V1 = V2 = 1 �, éØÓ� ω1,
�5��Ç |r|2 �\�Uþ ε/~ �Cz

ã 5 � ω = Ω = 10, g = 1, ω1 = 40 �, éØÓ� V1, V2, �
5��Ç |r|2 �\�Uþ ε/~ �Cz

ã 6 � ω = 10, g = 1, ω1 = 40, V1 = V2 = 1 �, éuØÓ
� Ω, �5��Ç |r|2 �\�>fUþ ε ��6'X

ü«�/e�ß�Ç�, lã¥�±wÑ, e�
± ω ØC: éu ∆ω > 0, ÏL~� Ω O\��
Ý, ü���:Ñ8N��u) £, �m>��
¸�¸���Ç���u�>��¸�¸���
Ç; � ∆ω < 0 �, �¹�Ð��, �X\� Ω 
O\��Ý, ü���:8N�m>[£, ��>
��:?�¸�ß�Ç���um>��:?�
¸�ß�Ç. ã 7 ¤«��½ ω = 10, ò Ω l 10
m©ÅìO\, *	ü���¸� Ω Czu) £
��¹±9ü���¸?��Ç�Cz, lã (a)
Úã (c) �±wÑ, � Ω = 0 �, ü���:?
u ε/~ ≈ ω ± g ?, =N����/, � Ω → ∞
�: �>��:�Åì�� εLP/~ → ω, �lã (b)
� ± w Ñ, T : ? � � 5 � � Ç Å ì O � � �
u |r|2 → 1; m>��:Åì�� εRP/~ → Ω,
�lã 7(d) �±wÑ, T:?��5��ÇÅì~
���u |r|2 → 0. lã 6 ��±�*/wÑù«
Cz, ���Ý���, 3ß��þ, �C Ω ��
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�¸�~L�, �ÿÝ�$, ��î�����
Ã{*ÿ, �C ω ��¸%�X��ÝO\Åì
�å, ��î���ªCu������. lù
�(J�±wÑ, 3î���, XÚ�Ñ$1�
Åì lN��/e�Ñ$A5Åì�C g = 0

��/, ù�±n)�, �X��Ý�O\, �nN
¥�>f��f����^Åì~f, �î��
�, ù«���^Ä�þ�±�ÑØO, ù�XÚ
�Ñ$1����duÃ�f�3��A5, �f
Ú�nXÚ�d�ü���ÕáXÚ.

ã 7 � g = 1, ω1 = 40, V1 = V2 = 1, ω = 10 �, ò Ω l 10 m©ÅìO\ (a) �>��:� ��éu ω �Czþ,εLP �
L�>��:�Uþ;(b) �>��:?��5ß�Ç�Cz;(c) m>��:� ��éu Ω �Czþ;(d) m>��:?�ß�
Ç�Cz,εRP �Lm>��:�Uþ

4 ( Ø

ÏL·��?Ø�±wÑ, ü>f3¹k�U
?�f�n¥�Ñ$A5î�6u�nN��
�A5Ú�f���A5. ��nN��[ª��
f��[ª?uN���/e, �X>f��f�
p�^�\r, �5����¸�3��ü���
¸, ��XÍÜrÝ�\�, ü�¸�m�må�
Øä\�, Ó�m©Ñy��5Ñ�L§, ��5
ß�Ì���ÌÑ3��:?Ñy²w���¸,
�ÌÝ�X�f�>f�ÍÜrÝ�\r\�.
�nN��[ªÚ�f��[ªm©���, �
5���:m©u)¤£, �X��Ý�\�, Ù

¥����:��nN��[ª ω, ��5��Ç
�ÅìO\� 1; ,	����:���f��
[ª Ω, ��5��Ç�Åì~�� 0. �Ò´3î
����¹e, >f��f��p�^4�, X
Ú�Ñ$A�Ì�d�nN���A5û½, Ø
2É��f�K�.

·��(J`², ÏLN��nN���A5
±9�f���A5, �±��N�>fÑ$1�
�8�. �,·���.´�ü>f3¹k�U?
�f�nN¥�Ñ$, �·��ïÄé>f3þf
:¥�Ñ$1�±9>f3O��¬N¥É�,
��Ñ�1�Ñäk�½��º¿Â.
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Single electron transport in a cavity containing a
two-level atom
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Abstract

Quantum dot is a typical nano functional device, which has a very attractive prospect in biotechnology, semiconductor technology,

quantum optics and other fields. In this paper, we construct a cavity containing a two-level atom to simulate a nano cavity coupling a

two-level quantum dot, and study the electrical transmission in the cavity. We solve the transfer function of a single electron and obtain

the formulas of transportation and reflection. By adjusting the intrinsic properties of the cavity and the atom and coupling between

them, we study the transmission characteristics of a single electron in the cavity and understand the role of the two-level atom and the

cavity in the electrical transport. The results can provide some theoretical support for quantum control of the electron transport in a

nano device.

Keywords: single electron, transport, two-level atom
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