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Normalization
Fundamental parameter:

𝑡̃ = 𝑡
1
𝜔!

= 𝜔!𝑡

&𝑥 = 𝑥
𝜆"

&𝑞 =
𝑞
𝑒

+𝑚 = 𝑚
𝑚#

̃𝜖 = 𝜖
𝜖$

Derived parameter:

&𝑛 = 𝑛
𝑛$
= 𝑛
𝜔!%𝑚#𝜖$
𝑒%

&𝑣 = 𝑣
𝜆"𝜔!

&𝜌 = 𝜌
𝑒𝑛$

1𝜙 = 𝜙
𝜆"% 𝑒𝑛$
𝜖$

1𝐸 = 𝐸
𝜆"𝑒𝑛$
𝜖$

Energy and momentum:

1𝐾 =
𝐾

𝜆"&𝜔!'𝑚#
%𝜖$

𝑒%

5𝑈 =
𝑈

𝜆"&𝜔!'𝑚#
%𝜖$

𝑒%

&𝑝 =
𝑝

𝜆"%𝜔!&𝑚#
%𝜖$

𝑒%
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Define one and the other can be determined.



Normalization
Fundamental parameter:

𝑡̃ = 𝑡
1
𝜔!

= 𝜔!𝑡

&𝑥 = 𝑥
𝜆"

&𝑞 =
𝑞
𝑒

+𝑚 = 𝑚
𝑚#

̃𝜖 = 𝜖
𝜖$

Derived parameter:

&𝑛 = 𝑛
𝑛$
= 𝑛
𝜔!%𝑚#𝜖$
𝑒%

&𝑣 = 𝑣
𝜆"𝜔!

&𝜌 = 𝜌
𝑒𝑛$

1𝜙 = 𝜙
𝜆"% 𝑒𝑛$
𝜖$

1𝐸 = 𝐸
𝜆"𝑒𝑛$
𝜖$

Energy and momentum:

1𝐾 =
𝐾

𝜆"&𝜔!'𝑚#
%𝜖$

𝑒%

5𝑈 =
𝑈

𝜆"&𝜔!'𝑚#
%𝜖$

𝑒%

&𝑝 =
𝑝

𝜆"%𝜔!&𝑚#
%𝜖$

𝑒%

Real particle density



Normalization

Real particle number per grid: 𝑁(#)* = 𝑛$ ∗ ∆𝑥
Real particle number per macroparticle: 𝑤 = +!"#$

!!, = +!"#$
%&
%'

= -(∗∆0∗+1
+2

!𝑁!"#$ = $𝑛% ∗ ∆$𝑥 =
𝑛%
𝑛%
∗
∆𝑥
𝜆&

=
𝑁!"#$
𝑛%𝜆&

*𝑤 =
$𝑛% ∗ ∆$𝑥 ∗ 𝑁𝐺

𝑁𝑃 =
𝑛%
𝑛%
∗
∆𝑥
𝜆&

∗
𝑁𝐺
𝑁𝑃 =

𝑤
𝑛%𝜆&



Normalization

Macroparticle density:

𝜌 = 𝑞)$
*

𝛿 𝑥* =
𝑞𝑤
∆𝑥

= 𝑞𝑛+
𝑁𝐺
𝑁𝑃

=
𝑞𝑁,-./
𝑝𝑝𝑐 ∗ ∆𝑥

=
𝑞𝑛+
𝑝𝑝𝑐 &𝜌 =

&𝑞 &𝑛$
𝑝𝑝𝑐

=

𝑞
𝑒
𝑛$
𝑛$
𝑝𝑝𝑐

=
𝜌
𝑒𝑛$

Charge per macroparticle: 𝑞3),(4 = 𝑞 ∗ 𝑤
(NOTICE!! In 1D PIC code, the SI unit of 𝑞 and 𝑚 are 5

30 and 67
30.)

Gauss’s law:

∇ 1 𝐸 =
𝜌
𝜖+
→ 𝑑𝐸 =

𝜌
𝜖+
𝑑𝑥 𝑑 1𝐸 =

&𝜌
̃𝜖$
𝑑 &𝑥 =

𝜌
𝑒𝑛$
𝜖$
𝜖$

𝑑𝑥
𝜆"

=
𝑑𝐸

𝜆"𝑒𝑛$
𝜖$

Poisson equation:

∇1𝜙 = −
𝜌
𝜖+
→ 𝑑𝜙 = −

𝜌
𝜖+
𝑑𝑥1

𝑑 1𝜙 = −
&𝜌
̃𝜖$
𝑑 &𝑥% = −

𝜌
𝑒𝑛$
𝜖$
𝜖$

𝑑𝑥%

𝜆"%
=

𝑑𝜙
𝜆"% 𝑒𝑛$
𝜖$

Field energy and kinetic energy:

𝑈 = 9
1
2
𝜖+𝐸1𝑑𝑥

𝐾 =$
*

1
2
𝑚𝑣*1 ∗ 𝑤

5𝑈 = ?
1
2 ̃𝜖$ 1𝐸%𝑑 &𝑥 = ?

1
2
𝜖$
𝜖$

𝐸%

𝜆"𝑒𝑛$
𝜖$

%
𝑑𝑥
𝜆"

=
𝑈

𝜆"&𝜔!'𝑚#
%𝜖$

𝑒%

1𝐾 =A
8

1
2
+𝑚&𝑣8% ∗ +𝑤 =A

8

1
2
𝑚
𝑚#

𝑣
𝜆"𝜔!

%

∗
𝑤

𝑛$𝜆"
=

𝐾
𝜆"&𝜔!'𝑚#

%𝜖$
𝑒%

Momentum:

𝑝 =$
*

𝑚𝑣* ∗ 𝑤
&𝑝 =A

8

+𝑚&𝑣8 ∗ +𝑤 =A
8

𝑚
𝑚#

𝑣
𝜆"𝜔!

∗
𝑤

𝑛$𝜆"
=

𝑝
𝜆"%𝜔!&𝑚#

%𝜖$
𝑒%



PIC

Energy conservation Momentum conservation

Normalize dimension: 𝑡̃ = 𝜔'𝑡, $𝑥 =
(
)!

…….

Fundamental parameter:


