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01. Introduction to the PIC simulation

02. Random number generation and its application

03. Particle weighting and normalization

04. Particle pusher
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Concept and basic structure 
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Particle weighting

Field solver

Weighting on particles

Particles pusher

Initial conditions 

Data analysis 
and visualization

Boundary conditions Normalization

Numerical tricks

Two-stream instability https://www.youtube.com/watch?v=Cz5tRSMY3Kc



  

Periodic boundary condition
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t t + ∆t t + 2∆t 

v⃗ t+∆ t /2v⃗ t−∆t /2
x⃗ t+∆ tx⃗ t

E⃗t+∆t ( x⃗ t+∆t)E⃗t ( x⃗ t)

v⃗ t+3∆ t /2
x⃗ t+2∆ t

E⃗t+2 ∆t ( x⃗ t+2 ∆t )

t - ∆t/2 t + ∆t/2 t + 3∆t/2 

B⃗t+∆t ( x⃗ t+∆t )B⃗t ( x⃗ t) B⃗t+2 ∆t ( x⃗ t+ 2∆ t)

E⃗=E⃗( x⃗ t)

B⃗=B⃗ ( x⃗ t)

Electrostatic system



  

Self consistent electrostatic system
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t t + ∆t t + 2∆t 

v⃗ t+∆ t /2v⃗ t−∆t /2
x⃗ t+∆ tx⃗ t

E⃗t+∆tE⃗t

v⃗ t+3∆ t /2
x⃗ t+2∆ t

E⃗t+2 ∆t

t - ∆t/2 t + ∆t/2 t + 3∆t/2 

B⃗t+∆tB⃗t B⃗t+2 ∆t

E⃗=E⃗( x⃗ t)

B⃗=B⃗ ( x⃗ t)

t t + ∆t t + 2∆t 

v⃗ t+∆ t /2v⃗ t−∆t /2 v⃗ t+3∆ t /2

t - ∆t/2 t + ∆t/2 t + 3∆t/2 

E⃗=E⃗( x⃗ t , t)

B⃗=B⃗ ( x⃗ t)

x⃗ t+∆ tx⃗ t

ρct+∆tρct

x⃗ t+2∆ t

ρct+2 ∆t

φ t+∆ tφ t φ t+ 2∆ t

E⃗t+∆tE⃗t E⃗t+2 ∆t

B⃗t+∆tB⃗t B⃗t+2 ∆t



  

Self consistent electrostatic system
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t t + ∆t t + 2∆t 

v⃗ t+∆ t /2v⃗ t−∆t /2 v⃗ t+3∆ t /2

t - ∆t/2 t + ∆t/2 t + 3∆t/2 

E⃗=E⃗( x⃗ t , t)

B⃗=B⃗ ( x⃗ t)

x⃗ t+∆ tx⃗ t

ρct+∆tρct

x⃗ t+2∆ t

ρct+2 ∆t

φ t+∆ tφ t φ t+ 2∆ t

E⃗t+∆tE⃗t E⃗t+2 ∆t

B⃗t+∆tB⃗t B⃗t+2 ∆t

−∇ 2φ=
ρc
ε0

E⃗=−∇ φ



  

Self consistent electrostatic system
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ix - ∆x ix + ∆xix

ρc , ixρc , ix−∆ x ρc , ix+∆ x

φ ixφ ix−∆ x φ ix+∆ x

E⃗ixE⃗ix−∆ x E⃗ix+∆ x

−∇ 2φ=
ρc
ε0

E⃗=−∇ φ

At each time step  

E⃗ix=
− φ⃗ix+∆ x+ φ⃗ix−∆ x

2∆ x
φ⃗ix+∆ x−2 φ⃗ ix+ φ⃗ix−∆ x

(∆ x)2
=−

ρc , ix
ε0



  

Self consistent electrostatic system
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−∇ 2φ=
ρc
ε0

φ⃗ ix+∆ x−2 φ⃗ix+ φ⃗ix−∆ x=−(∆ x)2
ρc ,ix
ε0

[
1 0 0 0 0 0 0 0
1 −2 1 0 0 0 0 0
0 1 −2 1 0 0 0 0
0 0 1 −2 1 0 0 0
... ... ... ... ... ... ... ...
0 0 0 0 0 1 −2 1
0 0 0 0 0 0 0 1

][
φ0

φ1

φ2

φ3

..
φNX−1

φNX

]=−(∆ x)2

ε0 [
0
ρ c ,1
ρ c ,2
ρ c ,3
..

ρ c , NX−1

0
]

Aφ=w φ=A−1w

inverse matrix

inverse matrix:05_01_Inverse.f90  



  

Poisson's equation
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ix - ∆x ix + ∆xix

ρc , ixρc , ix−∆ x ρc , ix+∆ x

φ ixφ ix−∆ x φ ix+∆ x

E⃗ixE⃗ix−∆ x E⃗ix+∆ x

−∇ 2φ=
ρc
ε0

E⃗=−∇ φ

At each time step  

E⃗ix=
φ⃗ix+∆ x− φ⃗ix−∆ x

2∆ x
φ⃗ ix+∆ x−2 φ⃗ix+ φ⃗ix−∆ x=(∆ x)2

ρc , ix
ε0

Aφ=w φ=A−1w
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