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The trace of an n-by-n square matrix A is defined to be the sum of 

the elements on the main diagonal (the diagonal from the upper 

left to the lower right). 
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Each diagonal element shows electrons density at corresponding point. Trace of G
n
 will hand in total 

density of electrons.  

��;! ≡ 2>ΨΨ� = ��Γ�@� + Γ"@"!G� 

If we assume f1=f2=1 then we can assume all states are filled and then we would have total number 

of states.  

B = ��Γ� + Γ"!G� 

And as we know ΓC = i�ΣC −  ΣC�!, we can prove B = i�G −  G�!. 
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Eℏ GGH �Ψ� = �
 + Σ!�Ψ� + ���     (�)        This is time dependent modified Schrodinger Equation.  

Eℏ KKL �ΨΨ�� = Eℏ KΨKL Ψ� + ΨEℏ KΨ�KL  (��) 

And based on (I) Eℏ GGH �Ψ�� = �Ψ���
 + Σ�! + ����   (���) 

(�) − (���)   M Eℏ KKL �ΨΨ�� = �
 + Σ!ΨΨ� + SΨ� − ΨΨ��
 + Σ�! − Ψ�� 

Eℏ KNKL = OPQRS�
ΨΨ� − ΨΨ�
!*+++++++,+++++++-T + OPQRS�ΣΨΨ� − ΨΨ�Σ�! + OPQRS�SΨ� − Ψ��! 
There is a general rule for trace: OPQRS(BUV) = OPQRS(VBU), then: 

 Eℏ GWGH = OPQRS�Σ − Σ�!ΨΨ� + OPQRS�SΨ� − Ψ��! = �"# OPQRS�Σ − Σ�!GX + OPQRS�SΨ� − Ψ��!
 KNKL = 12>ℏ OPQRS �Σ − Σ�!E GX + 1Eℏ OPQRS�SΨ� − Ψ��!

= 1ℎ (−OPQRS�ΓGX! − EOPQRS�SS�G� − GS��!
 

1Eℏ  OPQRS�SS�G� − GS��! = 1ℏ  OPQRS ZSS�[�\!]"^
(G� − �)i*++,++-_
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KNKL = 1ℎ (−OPQRS�Γ GX%X ! + OPQRS�Γ Abcde!@)
= 1ℎ (OPQRS(�Γ�A!@� − �Γ�GX!)*+++++++,+++++++-f�

+ OPQRS(�Γ"A!@" − �Γ"GX!)*+++++++,+++++++-f�
)
 

For I – current – we should multiply the expression by q factor.  

As it is in steady state, then qdN/dt = 0 then I1=-I2. 

�� = g�ℏ (h@� − i) 

�" = g"ℏ (h@" − i) 

 


