
������������������������������������
��������������
�������������������������������������
�������������������������������������������
��������

(This notebook has been created by Sergei Suslov. )
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��������[��_� �_] �= ������[{�}�

��������[

���[ �����������[��� ��� �] �[�� {�� �}] �

{�� �� ��������[�������[��� ��]� ��]}]]]

�������[�_� �_] �= ������[{�� �� ���}�

��� = ��������[�� ��������[�� ��[�]]]�

���[��������[�����������[���� �[��[�]� {�� �}]]] �����

{�� �� ��������[�������[�*�� ��]� ��]}]]

�������[��_] �= ������[{�� �� �� ����}� (

� = �������[��� ��]�

� = ��������[�� ��]�

���[� = �� ���� = �� � < � + �� � = � + ��

���� = ���� + ��������[�����������[�� ��� �]] ����]�

����)]

�������������������������������������������������������������

{� = �� � = -�*��}

{�� -ⅈ ��}

������� = �������[�� �]

-ⅈ �� �



������� = �������[�� �]

-ⅈ - ⅈ �� �

��������������� = �������[������� - �������]

ⅈ

������������������
���������������������������������������������������������������������������������������

Α =
ω*� - �*�

� ω

*
ⅇ-� (λ+ⅈ ω) � ⅈ α - β� + ⅇ� � λ ω

� β ω

+
ω*� + �*�

� ω

*

ⅇ-� (λ+ⅈ ω) � ⅈ α + β� + ⅇ� � λ ω

� β ω

+
ⅈ ⅇ-� (λ+ⅈ ω) β δ - � α ε + ⅈ ⅇ� � λ ε ω

� β ω

�

Β =
ω*� + �*�

� ω

*
ⅇ-� (λ-ⅈ ω) -� ⅈ α - β� + ⅇ� � λ ω

� β ω

+
ω*� - �*�

� ω

*

ⅇ-� (λ-ⅈ ω) -� ⅈ α + β� + ⅇ� � λ ω

� β ω

-
ⅈ ⅇ-� (λ-ⅈ ω) β δ - � α ε - ⅈ ⅇ� � λ ε ω

� β ω




ⅇ-� (λ+ⅈ ω) � ⅈ α - β� + ⅇ� � λ ω (-�� + � ω)

� � β ω

+

ⅇ-� (λ+ⅈ ω) � ⅈ α + β� + ⅇ� � λ ω (�� + � ω)

� � β ω

+

ⅈ ⅇ-� (λ+ⅈ ω) β δ - � α ε + ⅈ ⅇ� � λ ε ω

� β ω

�

ⅇ-� (λ-ⅈ ω) -� ⅈ α + β� + ⅇ� � λ ω (-�� + � ω)

� � β ω

+

ⅇ-� (λ-ⅈ ω) -� ⅈ α - β� + ⅇ� � λ ω (�� + � ω)

� � β ω

-

ⅈ ⅇ-� (λ-ⅈ ω) β δ - � α ε - ⅈ ⅇ� � λ ε ω

� β ω


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% /� � → �


� ⅈ α - β� + ω (-�� + � ω)

� � β ω

+
� ⅈ α + β� + ω (�� + � ω)

� � β ω

+

ⅈ (β δ - � α ε + ⅈ ε ω)

� β ω

�
-� ⅈ α + β� + ω (-�� + � ω)

� � β ω

+

-� ⅈ α - β� + ω (�� + � ω)

� � β ω

-
ⅈ (β δ - � α ε - ⅈ ε ω)

� β ω



Α�����Β = �������[Α� Β]

-
��� ⅇ-� � λ β�

� ω�
-

ⅈ �� ⅇ-� � λ β δ - � α ε + � � α ω 

ω�/�
+

�

� β� ω

ⅇ-� � λ � α� ε - � ω 
�
+ � α β -ⅈ β - � δ ε + � � δ ω  +

ⅇ� � λ ε - � ω 
�
ω� + β� δ� + ⅇ� � λ ω

Β�����Α = �������[Β� Α]

-
��� ⅇ-� � λ β�

� ω�
-

ⅈ �� ⅇ-� � λ β δ - � α ε + � � α ω 

ω�/�
+

�

� β� ω

ⅇ-� � λ � α� ε - � ω 
�
+ � α β -ⅈ β - � δ ε + � � δ ω  +

ⅇ� � λ ε - � ω 
�
ω� + β� δ� - ⅇ� � λ ω

����������Α���Β = �������[Α�����Β - Β�����Α]

�

����������������������������������������������������������������������������������������������������
������

ΗΑΒ =
�

�
ω*(�������[Α� Β] + �������[Β� Α]) -

λ

�
*�*(���[�*� ω �]*�������[Α� Α] - ���[-�*� ω �]*�������[Β� Β])�

{Α�����Η = �������[Α� ΗΑΒ]� Η�����Α = �������[ΗΑΒ� Α]}�
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����������Α���Η = �������[Α�����Η - Η�����Α]

�� ⅇ-� (λ+ⅈ ω) β (-ⅈ λ + ω)

� ω

+
�

� β ω

ⅇ-� (λ+ⅈ ω) β δ (λ + ⅈ ω) - ε - � ω  � α (λ + ⅈ ω) + ⅇ� � λ ω (ⅈ λ + ω)

{Β�����Η = �������[Β� ΗΑΒ]� Η�����Β = �������[ΗΑΒ� Β]}�

����������Β���Η = �������[Β�����Η - Η�����Β]

�� ⅇ-� (λ-ⅈ ω) β (ⅈ λ + ω)

� ω

+
�

� β ω

ⅇ-� (λ-ⅈ ω) -β δ (λ - ⅈ ω) + ε - � ω  � α (λ - ⅈ ω) + ⅇ� � λ ω (-ⅈ λ + ω)

�[Α� �] + �*����������Α���Η

-
� ⅇ� � λ-� (λ+ⅈ ω) ε λ ω

β
+

ⅇ� � λ-� (λ+ⅈ ω) λ (-�� + � ω)

� β

+

�

� � β ω

ⅇ-� (λ+ⅈ ω) (-λ - ⅈ ω) � ⅈ α - β� + ⅇ� � λ ω (-�� + � ω) +

ⅇ� � λ-� (λ+ⅈ ω) λ (�� + � ω)

� β

+
�

� � β ω

ⅇ-� (λ+ⅈ ω) (-λ - ⅈ ω) � ⅈ α + β� + ⅇ� � λ ω (�� + � ω) +

ⅈ ⅇ-� (λ+ⅈ ω) (-λ - ⅈ ω) β δ - � α ε + ⅈ ⅇ� � λ ε ω

� β ω

+

ⅈ
�� ⅇ-� (λ+ⅈ ω) β (-ⅈ λ + ω)

� ω

+
�

� β ω

ⅇ-� (λ+ⅈ ω) β δ (λ + ⅈ ω) - ε - � ω  � α (λ + ⅈ ω) + ⅇ� � λ ω (ⅈ λ + ω)

������������[%]

�
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�[Β� �] + �*����������Β���Η

-
� ⅇ� � λ-� (λ-ⅈ ω) ε λ ω

β
+

ⅇ� � λ-� (λ-ⅈ ω) λ (-�� + � ω)

� β

+

�

� � β ω

ⅇ-� (λ-ⅈ ω) (-λ + ⅈ ω) -� ⅈ α + β� + ⅇ� � λ ω (-�� + � ω) +

ⅇ� � λ-� (λ-ⅈ ω) λ (�� + � ω)

� β

+
�

� � β ω

ⅇ-� (λ-ⅈ ω) (-λ + ⅈ ω) -� ⅈ α - β� + ⅇ� � λ ω (�� + � ω) -

ⅈ ⅇ-� (λ-ⅈ ω) (-λ + ⅈ ω) β δ - � α ε - ⅈ ⅇ� � λ ε ω

� β ω

+

ⅈ
�� ⅇ-� (λ-ⅈ ω) β (ⅈ λ + ω)

� ω

+
�

� β ω

ⅇ-� (λ-ⅈ ω) -β δ (λ - ⅈ ω) + ε - � ω  � α (λ - ⅈ ω) + ⅇ� � λ ω (-ⅈ λ + ω)

������������[%]

�
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������������������������������������������������

����������������������������������������������������������������������������������������������
�������������������

Ϟ = (��(-�/�)/β[�])*

���[�*�*γ[�]]*
ω*� + �*�

� ω

+ ���[-�*�*γ[�]]*
ω*� - �*�

� ω

-

ε[�]/β[�]� Ρ = (α[�] ��(�/�)/β[�])*

���[�*�*γ[�]]*
ω*� + �*�

� ω

+ ���[-�*�*γ[�]]*
ω*� - �*�

� ω

+

(β[�]/(�* ��(�/�)))* ���[�*�*γ[�]]*
ω*� + �*�

� ω

-

���[-�*�*γ[�]]*
ω*� - �*�

� ω

+ δ[�] - �*(α[�] ε[�]/β[�])



ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω

� β[�]
-

ε[�]

β[�]
�

� 
ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω
 α[�]

β[�]
-

ⅈ -
ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω
 β[�]

�
+ δ[�] -

� α[�] ε[�]

β[�]

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Ρ�����Ϟ = �������[Ρ� Ϟ]

�

� ω β[�]�

��� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�]
�
α[�] - ⅈ -� + ⅇ� ⅈ γ[�] β[�]� +

�

� ω β[�]�

�� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�] α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

β[�] ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] δ[�] -

ⅈ β[�] � + ⅇ� ⅈ γ[�] � ω - ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] ε[�] +

�

� β[�]�
ⅇ-� ⅈ γ[�] � α[�] � + ⅇ� ⅈ γ[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] � ω ε[�] + � ⅇ� ⅈ γ[�] ε[�]� +

β[�] � ⅇ� ⅈ γ[�] δ[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] -

ⅈ β[�] � + � ⅇ� ⅈ γ[�] - �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] � ω ε[�]

Ϟ�����Ρ = �������[Ϟ� Ρ]

�

� ω β[�]�

��� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�]
�
α[�] - ⅈ -� + ⅇ� ⅈ γ[�] β[�]� +

�

� ω β[�]�

�� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�] α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

β[�] ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] δ[�] -

ⅈ β[�] � + ⅇ� ⅈ γ[�] � ω - ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] ε[�] +

�

� β[�]�
ⅇ-� ⅈ γ[�] � α[�] � + ⅇ� ⅈ γ[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] � ω ε[�] + � ⅇ� ⅈ γ[�] ε[�]� + β[�]

� ⅇ� ⅈ γ[�] δ[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] - ⅈ -� + ⅇ� ⅈ γ[�]

β[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω - � ⅇ� ⅈ γ[�] � ω ε[�]

����������Ϟ���Ρ = �������[Ϟ�����Ρ - Ρ�����Ϟ]

ⅈ
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��������������������������������������������������������������������������������

� = �[�]*�������[Ρ� Ρ] + �[�]*�������[Ϟ� Ϟ] +

�[�]*�������[Ϟ� Ρ] - �*�[�] - �[�]*Ϟ - �[�]*Ρ

-ⅈ �[�] - �[�]

ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω

� β[�]
-

ε[�]

β[�]
-

�[�]
� 

ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω
 α[�]

β[�]
-

ⅈ -
ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω
 β[�]

�
+ δ[�] -

� α[�] ε[�]

β[�]
+

�[�]
��� ⅇ-� ⅈ γ[�] -� + ⅇ� ⅈ γ[�]

�

� ω β[�]�
+ �� ⅇ-� ⅈ γ[�] -� + ⅇ� ⅈ γ[�]

� + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] � ω β[�]� +

�

� β[�]�
ⅇ-� ⅈ γ[�] � + ⅇ� ⅈ γ[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] � ω ε[�] + � ⅇ� ⅈ γ[�] ε[�]� + �[�]

�

� ω β[�]�
��� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�]

�
α[�] - ⅈ -� + ⅇ� ⅈ γ[�] β[�]� +

�

� ω β[�]�
�� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�] α[�] � + ⅇ� ⅈ γ[�] � ω -

� ⅇ� ⅈ γ[�] ε[�] + β[�] ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] δ[�] -

ⅈ β[�] � + ⅇ� ⅈ γ[�] � ω - ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] ε[�] +

�

� β[�]�
ⅇ-� ⅈ γ[�] � α[�] � + ⅇ� ⅈ γ[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] � ω ε[�] + � ⅇ� ⅈ γ[�] ε[�]� +

β[�] � ⅇ� ⅈ γ[�] δ[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] -

ⅈ -� + ⅇ� ⅈ γ[�] β[�]

-� + �� ω + ⅇ� ⅈ γ[�] � + �� ω - � ⅇ� ⅈ γ[�] � ω ε[�] + �[�]

8 ���  HeisenbergEquations_DPA.nb



-
�

� ω β[�]�
��� ⅇ-� ⅈ γ[�] � ⅈ -� + ⅇ� ⅈ γ[�] α[�] + � + ⅇ� ⅈ γ[�] β[�]�

�
+

�

� ω β[�]�
�� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�] α[�] - ⅈ � + ⅇ� ⅈ γ[�] β[�]�

β[�] -ⅈ -� + ⅇ� ⅈ γ[�] � ω β[�] + � ⅇ� ⅈ γ[�] δ[�] +

� α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +
�

� β[�]�

ⅇ-� ⅈ γ[�] -β[�]� -� + ⅇ� ⅈ γ[�] � - �� ω + ⅇ� ⅈ γ[�] � + �� ω β[�]� +

� ⅈ ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] � ω β[�] δ[�] - � ⅇ� ⅈ γ[�] δ[�]� +

� α[�]� � + ⅇ� ⅈ γ[�] -� + �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] � + ⅇ� ⅈ γ[�] � ω ε[�] + � ⅇ� ⅈ γ[�] ε[�]� +

� α[�] β[�] � ⅇ� ⅈ γ[�] δ[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] -

ⅈ β[�] � - �� ω + ⅇ� ⅈ γ[�] � + �� ω -

� ⅇ� ⅈ γ[�] -� + ⅇ� ⅈ γ[�] � ω ε[�]

������[{Ϟ������ = �������[Ϟ� �]� ������Ϟ = �������[�� Ϟ]}�]

{�������� ����}

����������Ϟ���� = �������[Ϟ������ - ������Ϟ]

�

� ω β[�]
�� ⅇ-� ⅈ γ[�] ⅈ -� + ⅇ� ⅈ γ[�] �[�] +

� �[�] � ⅈ -� + ⅇ� ⅈ γ[�] α[�] + � + ⅇ� ⅈ γ[�] β[�]� +
�

� β[�]
ⅇ-� ⅈ γ[�]

-� ⅈ ⅇ� ⅈ γ[�] �[�] β[�] + ⅈ �[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

� �[�] β[�] -� + ⅇ� ⅈ γ[�] � ω β[�] + � ⅈ ⅇ� ⅈ γ[�] δ[�] +

� ⅈ α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�]

������[{Ρ������ = �������[Ρ� �]� ������Ρ = �������[�� Ρ]}�]

{������� ����}
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����������Ρ���� = �������[Ρ������ - ������Ρ]

-
�

� ω β[�]
ⅈ �� ⅇ-� ⅈ γ[�] � -� + ⅇ� ⅈ γ[�] �[�] +

�[�] � -� + ⅇ� ⅈ γ[�] α[�] - ⅈ � + ⅇ� ⅈ γ[�] β[�]� +
�

� β[�]
ⅇ-� ⅈ γ[�]

� ⅈ ⅇ� ⅈ γ[�] �[�] β[�] - � ⅈ �[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

�[�] -β[�] -� + ⅇ� ⅈ γ[�] � ω β[�] + � ⅈ ⅇ� ⅈ γ[�] δ[�] -

� ⅈ α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�]

������������������������������������������������������������������������������������������������

�[Ϟ� �] + �*����������Ϟ����

ⅈ
�

� ω β[�]
�� ⅇ-� ⅈ γ[�] ⅈ -� + ⅇ� ⅈ γ[�] �[�] + � �[�]

� ⅈ -� + ⅇ� ⅈ γ[�] α[�] + � + ⅇ� ⅈ γ[�] β[�]� +
�

� β[�]
ⅇ-� ⅈ γ[�]

-� ⅈ ⅇ� ⅈ γ[�] �[�] β[�] + ⅈ �[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

� �[�] β[�] -� + ⅇ� ⅈ γ[�] � ω β[�] + � ⅈ ⅇ� ⅈ γ[�] δ[�] +

� ⅈ α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] -


ⅇ-� ⅈ γ[�] (-��+� ω)

� ω
+

ⅇ� ⅈ γ[�] (��+� ω)

� ω
 β′[�]

� β[�]�
+

ε[�] β′[�]

β[�]�
+

-
ⅈ � ⅇ-� ⅈ γ[�] (-��+� ω) γ′[�]

ω
+

ⅈ � ⅇ� ⅈ γ[�] (��+� ω) γ′[�]

ω

� β[�]
-

ε′[�]

β[�]
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% /� α
′
[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]��

β
′
[�] → -(�[�] + � �[�] α[�]) β[�]� γ

′
[�] → -�[�] β[�]�� δ

′
[�] →

�[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]�

ε
′
[�] → �[�] β[�] - � �[�] β[�] δ[�]

-
�

� β[�]

ⅇ-� ⅈ γ[�] (-�� + � ω)

� ω

+
ⅇ� ⅈ γ[�] (�� + � ω)

� ω

(-�[�] - � �[�] α[�]) +

�

� β[�]

ⅈ � ⅇ-� ⅈ γ[�] (-�� + � ω) �[�] β[�]�

ω

-

ⅈ � ⅇ� ⅈ γ[�] (�� + � ω) �[�] β[�]�

ω

-

�[�] β[�] - � �[�] β[�] δ[�]

β[�]
+

(-�[�] - � �[�] α[�]) ε[�]

β[�]
+

ⅈ
�

� ω β[�]
�� ⅇ-� ⅈ γ[�] ⅈ -� + ⅇ� ⅈ γ[�] �[�] + � �[�]

� ⅈ -� + ⅇ� ⅈ γ[�] α[�] + � + ⅇ� ⅈ γ[�] β[�]� +
�

� β[�]
ⅇ-� ⅈ γ[�]

-� ⅈ ⅇ� ⅈ γ[�] �[�] β[�] + ⅈ �[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�] +

� �[�] β[�] -� + ⅇ� ⅈ γ[�] � ω β[�] + � ⅈ ⅇ� ⅈ γ[�] δ[�] +

� ⅈ α[�] � + ⅇ� ⅈ γ[�] � ω - � ⅇ� ⅈ γ[�] ε[�]

������������[%]

�

�[Ρ� �] + �*����������Ρ�����

% /� α
′
[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]��

β
′
[�] → -(�[�] + � �[�] α[�]) β[�]� γ

′
[�] → -�[�] β[�]�� δ

′
[�] →

�[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]�

ε
′
[�] → �[�] β[�] - � �[�] β[�] δ[�]�

������������[

%]

�
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������������������������������������������������������������������������������������������������������

������������������

{� = ���[� *�* γ[�]]/(�*β[�]*(ω)�(�/�))*

(ω + β[�]�� + �*�*α[�])*(ω*� + �*�)/(�*ω)�(�/�) +

���[-� *�* γ[�]]/(�*β[�]*ω�(�/�))*(ω - β[�]�� + �*�*α[�])*

(ω*� - �*�)/(�*ω)�(�/�) - (�*ω)�(-�/�)*

((ω*ε[�])/β[�] - �*(δ[�] - (�*α[�]*ε[�])/β[�]))�

� = ���[� *�* γ[�]]/(�*β[�]*(ω)�(�/�))*

(ω - β[�]�� - �*�*α[�])*(ω*� + �*�)/(�*ω)�(�/�) +

���[-� *�* γ[�]]/(�*β[�]*ω�(�/�))*(ω + β[�]�� - �*�*α[�])*

(ω*� - �*�)/(�*ω)�(�/�) - (�*ω)�(-�/�)*

((ω*ε[�])/β[�] + �*(δ[�] - (�*α[�]*ε[�])/β[�]))}�

������� = �������[�� �]�

������� = �������[�� �]�

��������������� = �������[������� - �������]

�

������[{������� = �������[�� �]� ������� = �������[�� �]}�]

{�������� ����}

������[{������� = �������[�� �]� ������� = �������[�� �]}�]

{�������� ����}

��������������� = �������[������� - �������]�

��������������� = �������[������� - �������]�

�[�� �] + �*����������������

% /� α
′
[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]��

β
′
[�] → -(�[�] + � �[�] α[�]) β[�]� γ

′
[�] → -�[�] β[�]�� δ

′
[�] →

�[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]�

ε
′
[�] → �[�] β[�] - � �[�] β[�] δ[�]�

������������[%]

�

�[�� �] + �*����������������

% /� α
′
[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]��

β
′
[�] → -(�[�] + � �[�] α[�]) β[�]� γ

′
[�] → -�[�] β[�]�� δ

′
[�] →

�[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]�

ε
′
[�] → �[�] β[�] - � �[�] β[�] δ[�]�

������������[%]

�
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������������������������������������������������������
���������������������������������������������������

���������������������

������[����������� = ������������[�[�� �] + �*���������������]]

��������
�

� � ω β[�]�

ⅇ-� ⅈ γ[�] -� ⅈ �� �[�] β[�] + � ⅈ � ω �[�] β[�] + � �� ω �[�] α[�] β[�] -

� � ω� �[�] α[�] β[�] + � ⅈ �� ω �[�] β[�]� - � ⅈ � ω� �[�] β[�]� +

�[�] β[�] (�� - � ω) ω - � ⅈ α[�] + β[�]� +

ⅇ� ⅈ γ[�] (�� + � ω) -ω + � ⅈ α[�] + β[�]� +

� ⅇ� ⅈ γ[�] ω (ⅈ β[�] δ[�] + (ω - � ⅈ α[�]) ε[�]) -

� ⅈ �� β[�] α′[�] + � ⅈ � ω β[�] α′[�] + �� ω β′[�] - � ω� β′[�] +

� ⅈ �� α[�] β′[�] - � ⅈ � ω α[�] β′[�] + �� β[�]� β′[�] -

� ω β[�]� β′[�] + � ⅈ �� ω β[�] γ′[�] - � ⅈ � ω� β[�] γ′[�] -

� �� α[�] β[�] γ′[�] + � � ω α[�] β[�] γ′[�] - � ⅈ �� β[�]� γ′[�] +

� ⅈ � ω β[�]� γ′[�] + ⅈ ⅇ� ⅈ γ[�] (�� + � ω) � �[�] β[�] +

� ω �[�] β[�] � ⅈ α[�] + β[�]� + ⅈ (ω + � ⅈ α[�]) β′[�] +

β[�] � α′[�] - ⅈ β[�] β′[�] + � ω + � ⅈ α[�] + β[�]� γ′[�] +

� ⅇ� ⅈ γ[�] ω -ⅈ �[�] β[�]� + ω �[�] β[�]� - � ω �[�] β[�]� δ[�] -

� ⅈ �[�] β[�] ε[�] + � ω �[�] α[�] β[�] ε[�] -

� ⅈ β[�] ε[�] α′[�] + ω ε[�] β′[�] + � ⅈ α[�] ε[�] β′[�] +

ⅈ β[�]� δ′[�] - (ω + � ⅈ α[�]) β[�] ε′[�]

����������� = ����������� * � ω β[�]��
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Expand[heisenbergA]
-ⅈ �� ⅇ-� ⅈ γ[�] �[�] β[�] + ⅈ �� ⅇ� ⅈ γ[�] �[�] β[�] + ⅈ ⅇ-� ⅈ γ[�] � ω �[�] β[�] +

ⅈ ⅇ� ⅈ γ[�] � ω �[�] β[�] +
�

�
�� ⅇ-� ⅈ γ[�] ω �[�] β[�] -

�

�
�� ⅇ� ⅈ γ[�] ω �[�] β[�] -

�

�
ⅇ-� ⅈ γ[�] � ω� �[�] β[�] -

�

�
ⅇ� ⅈ γ[�] � ω� �[�] β[�] + � �� ⅇ-� ⅈ γ[�] ω �[�] α[�] β[�] -

� �� ⅇ� ⅈ γ[�] ω �[�] α[�] β[�] - � ⅇ-� ⅈ γ[�] � ω� �[�] α[�] β[�] - � ⅇ� ⅈ γ[�] � ω� �[�] α[�] β[�] -

ⅈ �� ⅇ-� ⅈ γ[�] �[�] α[�] β[�] + ⅈ �� ⅇ� ⅈ γ[�] �[�] α[�] β[�] + ⅈ ⅇ-� ⅈ γ[�] � ω �[�] α[�] β[�] +

ⅈ ⅇ� ⅈ γ[�] � ω �[�] α[�] β[�] - ⅈ ω �[�] β[�]� + ω�/� �[�] β[�]� + ⅈ �� ⅇ-� ⅈ γ[�] ω �[�] β[�]� +

ⅈ �� ⅇ� ⅈ γ[�] ω �[�] β[�]� - ⅈ ⅇ-� ⅈ γ[�] � ω� �[�] β[�]� + ⅈ ⅇ� ⅈ γ[�] � ω� �[�] β[�]� +
�

�
�� ⅇ-� ⅈ γ[�] �[�] β[�]� +

�

�
�� ⅇ� ⅈ γ[�] �[�] β[�]� -

�

�
ⅇ-� ⅈ γ[�] � ω �[�] β[�]� +

�

�
ⅇ� ⅈ γ[�] � ω �[�] β[�]� - � ω�/� �[�] β[�]� δ[�] + ⅈ ω �[�] β[�]� δ[�] -

� ⅈ ω �[�] β[�] ε[�] + ω�/� �[�] β[�] ε[�] + � ω�/� �[�] α[�] β[�] ε[�] -

� ⅈ ω �[�] α[�] β[�] ε[�] - ⅈ �� ⅇ-� ⅈ γ[�] β[�] α′[�] + ⅈ �� ⅇ� ⅈ γ[�] β[�] α′[�] +

ⅈ ⅇ-� ⅈ γ[�] � ω β[�] α′[�] + ⅈ ⅇ� ⅈ γ[�] � ω β[�] α′[�] - � ⅈ ω β[�] ε[�] α′[�] +

�

�
�� ⅇ-� ⅈ γ[�] ω β′[�] -

�

�
�� ⅇ� ⅈ γ[�] ω β′[�] -

�

�
ⅇ-� ⅈ γ[�] � ω� β′[�] -

�

�
ⅇ� ⅈ γ[�] � ω� β′[�] +

ⅈ �� ⅇ-� ⅈ γ[�] α[�] β′[�] - ⅈ �� ⅇ� ⅈ γ[�] α[�] β′[�] - ⅈ ⅇ-� ⅈ γ[�] � ω α[�] β′[�] -

ⅈ ⅇ� ⅈ γ[�] � ω α[�] β′[�] +
�

�
�� ⅇ-� ⅈ γ[�] β[�]� β′[�] +

�

�
�� ⅇ� ⅈ γ[�] β[�]� β′[�] -

�

�
ⅇ-� ⅈ γ[�] � ω β[�]� β′[�] +

�

�
ⅇ� ⅈ γ[�] � ω β[�]� β′[�] + ω�/� ε[�] β′[�] +

� ⅈ ω α[�] ε[�] β′[�] + ⅈ �� ⅇ-� ⅈ γ[�] ω β[�] γ′[�] + ⅈ �� ⅇ� ⅈ γ[�] ω β[�] γ′[�] -

ⅈ ⅇ-� ⅈ γ[�] � ω� β[�] γ′[�] + ⅈ ⅇ� ⅈ γ[�] � ω� β[�] γ′[�] - � �� ⅇ-� ⅈ γ[�] α[�] β[�] γ′[�] -

� �� ⅇ� ⅈ γ[�] α[�] β[�] γ′[�] + � ⅇ-� ⅈ γ[�] � ω α[�] β[�] γ′[�] - � ⅇ� ⅈ γ[�] � ω α[�] β[�] γ′[�] -

ⅈ �� ⅇ-� ⅈ γ[�] β[�]� γ′[�] + ⅈ �� ⅇ� ⅈ γ[�] β[�]� γ′[�] + ⅈ ⅇ-� ⅈ γ[�] � ω β[�]� γ′[�] +

ⅈ ⅇ� ⅈ γ[�] � ω β[�]� γ′[�] + ⅈ ω β[�]� δ′[�] - ω�/� β[�] ε′[�] - � ⅈ ω α[�] β[�] ε′[�]

�����������[�������[������������ ��]� ��]

�

�
ⅇ-� ⅈ γ[�] -� ⅈ �[�] β[�] + � ω �[�] α[�] β[�] +

� ⅈ ω �[�] β[�]� + �[�] β[�] ω - � ⅈ α[�] + β[�]� +

ⅇ� ⅈ γ[�] �[�] β[�] -ω + � ⅈ α[�] + β[�]� - � ⅈ β[�] α′[�] +

ω β′[�] + � ⅈ α[�] β′[�] + β[�]� β′[�] + � ⅈ ω β[�] γ′[�] -

� α[�] β[�] γ′[�] - � ⅈ β[�]� γ′[�] + ⅈ ⅇ� ⅈ γ[�]

� �[�] β[�] + � ω �[�] β[�] � ⅈ α[�] + β[�]� + ⅈ (ω + � ⅈ α[�]) β′[�] +

β[�] � α′[�] - ⅈ β[�] β′[�] + � ω + � ⅈ α[�] + β[�]� γ′[�]
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�����������[�������[������������ �]� �]

�

�
ⅇ-� ⅈ γ[�]

� ⅈ ω �[�] β[�] - � ω� �[�] α[�] β[�] - � ⅈ ω� �[�] β[�]� - ω �[�] β[�]

ω - � ⅈ α[�] + β[�]� + ⅇ� ⅈ γ[�] ω �[�] β[�] -ω + � ⅈ α[�] + β[�]� +

� ⅈ ω β[�] α′[�] - ω� β′[�] - � ⅈ ω α[�] β′[�] - ω β[�]� β′[�] -

� ⅈ ω� β[�] γ′[�] + � ω α[�] β[�] γ′[�] + � ⅈ ω β[�]� γ′[�] + ⅈ ⅇ� ⅈ γ[�] ω

� �[�] β[�] + � ω �[�] β[�] � ⅈ α[�] + β[�]� + ⅈ (ω + � ⅈ α[�]) β′[�] +

β[�] � α′[�] - ⅈ β[�] β′[�] + � ω + � ⅈ α[�] + β[�]� γ′[�]

����������� /� �� → � /� � → �

�

�
ⅇ-� ⅈ γ[�]

� ⅇ� ⅈ γ[�] ω �[�] β[�] (ⅈ β[�] δ[�] + (ω - � ⅈ α[�]) ε[�]) + � ⅇ� ⅈ γ[�] ω

-ⅈ �[�] β[�]� + ω �[�] β[�]� - � ω �[�] β[�]� δ[�] - � ⅈ �[�] β[�]

ε[�] + � ω �[�] α[�] β[�] ε[�] - � ⅈ β[�] ε[�] α′[�] + ω ε[�] β′[�] +

� ⅈ α[�] ε[�] β′[�] + ⅈ β[�]� δ′[�] - (ω + � ⅈ α[�]) β[�] ε′[�]
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{��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� ��]� ��]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� ��]� ��]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� �]� �]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� �]� �]� �� �]] ⩵ ��

��������[�����������[������[�����������] /� �� → � /� � → � /�

�������[�_� �_] ⧴ � + �*�� �� �]] ⩵ ��

��������[�����������[������[�����������] /� �� → � /� � → � /�

�������[�_� �_] ⧴ � + �*�� �� �]] ⩵ �}

-
�

�
ⅇ-� � γ[�] -ω �[�] β[�] + ⅇ� � γ[�] ω �[�] β[�] - � ω �[�] α[�] β[�] +

� ⅇ� � γ[�] ω �[�] α[�] β[�] - �[�] β[�]� - ⅇ� � γ[�] �[�] β[�]� -

ω β′[�] + ⅇ� � γ[�] ω β′[�] - β[�]� β′[�] - ⅇ� � γ[�] β[�]� β′[�] +

� α[�] β[�] γ′[�] + � ⅇ� � γ[�] α[�] β[�] γ′[�] ⩵ ��

ⅇ-� � γ[�] -�[�] β[�] + ⅇ� � γ[�] �[�] β[�] - �[�] α[�] β[�] +

ⅇ� � γ[�] �[�] α[�] β[�] + ω �[�] β[�]� + ⅇ� � γ[�] ω �[�] β[�]� -

β[�] α′[�] + ⅇ� � γ[�] β[�] α′[�] + α[�] β′[�] - ⅇ� � γ[�] α[�] β′[�] +

ω β[�] γ′[�] + ⅇ� � γ[�] ω β[�] γ′[�] - β[�]� γ′[�] + ⅇ� � γ[�] β[�]� γ′[�] ⩵

�� -
�

�
ⅇ-� � γ[�] ω ω �[�] β[�] + ⅇ� � γ[�] ω �[�] β[�] + � ω �[�] α[�] β[�] +

� ⅇ� � γ[�] ω �[�] α[�] β[�] + �[�] β[�]� - ⅇ� � γ[�] �[�] β[�]� +

ω β′[�] + ⅇ� � γ[�] ω β′[�] + β[�]� β′[�] - ⅇ� � γ[�] β[�]� β′[�] -

� α[�] β[�] γ′[�] + � ⅇ� � γ[�] α[�] β[�] γ′[�] ⩵ ��

ⅇ-� � γ[�] ω �[�] β[�] + ⅇ� � γ[�] �[�] β[�] + �[�] α[�] β[�] +

ⅇ� � γ[�] �[�] α[�] β[�] - ω �[�] β[�]� + ⅇ� � γ[�] ω �[�] β[�]� +

β[�] α′[�] + ⅇ� � γ[�] β[�] α′[�] - α[�] β′[�] - ⅇ� � γ[�] α[�] β′[�] -

ω β[�] γ′[�] + ⅇ� � γ[�] ω β[�] γ′[�] + β[�]� γ′[�] + ⅇ� � γ[�] β[�]� γ′[�] ⩵

�� ω�/� �[�] β[�]� - � ω�/� �[�] β[�]� δ[�] + ω�/� �[�] β[�] ε[�] +

� ω�/� �[�] α[�] β[�] ε[�] + ω�/� ε[�] β′[�] - ω�/� β[�] ε′[�] ⩵ ��

- ω �[�] β[�]� + ω �[�] β[�]� δ[�] - � ω �[�] β[�] ε[�] -

� ω �[�] α[�] β[�] ε[�] - � ω β[�] ε[�] α′[�] +

� ω α[�] ε[�] β′[�] + ω β[�]� δ′[�] - � ω α[�] β[�] ε′[�] ⩵ �
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�����[%� {α
′
[�]� β

′
[�]� γ

′
[�]� δ

′
[�]� ε

′
[�]}]

α′[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]��

β′[�] → -�[�] β[�] - � �[�] α[�] β[�]� γ′[�] → -�[�] β[�]�� δ′[�] →

�[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]�

ε′[�] → �[�] β[�] - � �[�] β[�] δ[�]

����[�����[%]] // ���������

α′[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]�

β′[�] → -�[�] β[�] - � �[�] α[�] β[�]

γ′[�] → -�[�] β[�]�

δ′[�] → �[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]
ε′[�] → �[�] β[�] - � �[�] β[�] δ[�]

�����������������

������[����������� = ������������[�[�� �] + �*���������������]]

��������
�

� � ω β[�]�

ⅇ-� ⅈ γ[�] � ⅈ �� �[�] β[�] - � ⅈ � ω �[�] β[�] + � �� ω �[�] α[�] β[�] -

� � ω� �[�] α[�] β[�] + � ⅈ �� ω �[�] β[�]� - � ⅈ � ω� �[�] β[�]� +

�[�] β[�] (�� - � ω) ω + � ⅈ α[�] - β[�]� -

ⅇ� ⅈ γ[�] (�� + � ω) ω + � ⅈ α[�] + β[�]� +

� ⅇ� ⅈ γ[�] ω (-ⅈ β[�] δ[�] + (ω + � ⅈ α[�]) ε[�]) +

� ⅈ �� β[�] α′[�] - � ⅈ � ω β[�] α′[�] + �� ω β′[�] - � ω� β′[�] -

� ⅈ �� α[�] β′[�] + � ⅈ � ω α[�] β′[�] - �� β[�]� β′[�] +

� ω β[�]� β′[�] + � ⅈ �� ω β[�] γ′[�] - � ⅈ � ω� β[�] γ′[�] +

� �� α[�] β[�] γ′[�] - � � ω α[�] β[�] γ′[�] + � ⅈ �� β[�]� γ′[�] -

� ⅈ � ω β[�]� γ′[�] - ⅇ� ⅈ γ[�] (�� + � ω) � ⅈ �[�] β[�] +

�[�] � ω α[�] β[�] - � ⅈ ω β[�]� + (ω - � ⅈ α[�]) β′[�] +

β[�] � ⅈ α′[�] + β[�] β′[�] + � ⅈ -ω + � ⅈ α[�] + β[�]� γ′[�] +

� ⅇ� ⅈ γ[�] ω ⅈ �[�] β[�]� + ω �[�] β[�]� - � ω �[�] β[�]� δ[�] +

� ⅈ �[�] β[�] ε[�] + � ω �[�] α[�] β[�] ε[�] +

� ⅈ β[�] ε[�] α′[�] + ω ε[�] β′[�] - � ⅈ α[�] ε[�] β′[�] -

ⅈ β[�]� δ′[�] - (ω - � ⅈ α[�]) β[�] ε′[�]

����������� = �����������* � ω β[�]��
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{��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� ��]� ��]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� ��]� ��]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� �]� �]� �� �]] ⩵ ��

��������[�����������[�����������[�������[������[�����������] /�

�������[�_� �_] ⧴ � + �*�� �]� �]� �� �]] ⩵ ��

��������[�����������[������[�����������] /� �� → � /� � → � /�

�������[�_� �_] ⧴ � + �*�� �� �]] ⩵ ��

��������[�����������[������[�����������] /� �� → � /� � → � /�

�������[�_� �_] ⧴ � + �*�� �� �]] ⩵ �}�

�����[%� {α
′
[�]� β

′
[�]� γ

′
[�]� δ

′
[�]� ε

′
[�]}] �

����[�����[%]] // ���������

α′[�] → -�[�] - � �[�] α[�] - � �[�] α[�]� + �[�] β[�]�

β′[�] → -�[�] β[�] - � �[�] α[�] β[�]

γ′[�] → -�[�] β[�]�

δ′[�] → �[�] + � �[�] α[�] - �[�] δ[�] - � �[�] α[�] δ[�] + � �[�] β[�]� ε[�]
ε′[�] → �[�] β[�] - � �[�] β[�] δ[�]
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