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ECE 656:  Fall 2009 
Lecture 28 Homework SOLUTION 

 
 
1) Repeat the derivation of the current equation presented in L28, but this time, 

do it in 3D. 
 

 
φ(p) = pz  

 

nφ (
r ,t) = 1

Ω
φ(p) f r , p,t( )

p
∑  

 
nφ (
r ,t) = Pz (

r ,t) = n pz  

 

Fφi =
1
Ω

pzυi f
r , p,t( )

p
∑ ≡ 2Wzi = n pzυi  

 

∇i

Fφ =

∂
∂xi

2Wzi( )  

Rφ ≡
nφ − nφ

0

τφ

=
Pz − Pz

0

τm
=

Pz
τm

 

  
Gφ = −q


E i

1
L

∇ pφ f
p
∑

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
= −q( )nE z  

  

∂nφ
∂t

= −
dFφx
dx

+Gφ − Rφ →
∂Pz
r ,t( )

∂t
= − ∂

∂xi
2Wiz( )− nqE z −

Pz
τm

 

 
Now summarize: 

 
The z‐component of the total momentum density: 

  

∂Pz
r ,t( )

∂t
= − ∂

∂xi
2Wiz( )− nqE z −

Pz
τm

 

 

The jth component of the total momentum density: 



Lundstrom ECE 656 F09  2 

  

∂Pj
r ,t( )

∂t
= − ∂

∂xi
2Wij( )− nqE j −

Pj
τm

 

 

Or, in vectorial notation: 

  

∂

P r ,t( )
∂t

= −∇i 2

W( )− nq E −


P
τm

 

 
Now convert this to a current equation: 

Pj = n pj = nm* υ j  

Jnj = (−q)n υ j  

 

so: 

Jnj =
(−q)
m* Pj  

 
With this, the momentum balance equation becomes: 

  

∂Jnj
r ,t( )

∂t
= 2q
m*

∂Wij

∂xi
+ nq

2

m* E j −
Jnj
τm

 

 

Now solve for the current: 

  
Jnj + τm

∂Jnj
r ,t( )

∂t
=
nq2 τm
m* E j +

2q τm
m*

∂Wij

∂xi
 

Define: 

µn ≡
q τm
m*  

 

Simplifying the current equation: 

Assume: 

 

τm
∂Jnj

r ,t( )
∂t

<< Jnj  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Then look at W: 

Wij =

Wxx Wxy Wxz

Wyx Wyy Wyz

Wzx Wzy Wzz

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

 

Wij =
W
3

1 0 0
0 1 0
0 0 1

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
 

Wij =
W
3
δ ij  

W = 1
2
m υx

2 + υy
2 + υz

2( )  
 

With this assumptions, our current equation becomes: 

 
Jnj = nqµnE j +

2
3
µn

∂W
∂x j

 

If we further assume: 

W = nu  
 
where 

 

u = 3
2
kBT  

(which ignores the drift energy) 
 

then 
 

  

Jn = nqµn


E + Dn


∇n  

 

where 

Dn =
kBT
q

µn  


