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1 Definitions

variable meaning
n particle density
q charge per particle
m mass per particle
v(x, t) velocity of particles
dt = ∂t + v · ∇ convective derivative

variable meaning
B magnetic field
E electric field
c speed of light
ε0 permittivity of free space

One way to determine how to relate quantities in different units is to make the equations of the one system
look like the equations of the corresponding system. In this note we take this approach to relate Heaviside-
Lorentz, Gaussian, SI units. For simplicity we derive dimension transformations using Maxwell’s equations
with the momentum equation for a cold one-species plasma, rather than with the momentum equation for
individual particles or with the Boltzmann equation.
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2 Heaviside-Lorentz (HL) ←→ Gaussian

Heaviside-Lorentz Gaussian-looking

∇ ·E = qn ∇ · (
√

4πE) = 4π
(

q√
4π

)
n

∇ ·B = 0 ∇ · (
√

4πB) = 0
∂tB + c∇×E = 0 ∂t(

√
4πB) + c∇× (

√
4πE) = 0

∂tE− c∇×B = −qnv ∂t(
√

4πE)− c∇× (
√

4πB) = −4π
(

q√
4π

)
nv

mndtv = qn(E + v
c ×B) mndtv =

(
q√
4π

)
n((
√

4πE) + v
c × (

√
4πB))

Gaussian Heaviside-Lorentz-looking

∇ ·E = 4πqn ∇ ·
(

E√
4π

)
= (
√

4πq)n

∇ ·B = 0 ∇ ·
(

B√
4π

)
= 0

∂tB + c∇×E = 0 ∂t

(
B√
4π

)
+ c∇×

(
E√
4π

)
= 0

∂tE− c∇×B = −4πqnv ∂t

(
E√
4π

)
− c∇×

(
B√
4π

)
= −(

√
4πq)nv

mndtv = qn(E + v
c ×B) mndtv = (

√
4πq)n(

(
E√
4π

)
+ v

c ×
(

B√
4π

)
)

Egauss =
√

4πEHL, EHL =
Egauss√

4π
,

Bgauss =
√

4πBHL, BHL =
Bgauss√

4π
,

qgauss =
qHL√

4π
, qHL =

√
4πqgauss.
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3 Heaviside-Lorentz (HL) ←→ SI

Heaviside-Lorentz SI-looking

∇ ·E = qn ∇ ·
(

E√
ε0

)
=

(√
ε0q

)
n

ε0

∇ ·B = 0 ∇ ·
(

B
c
√
ε0

)
= 0

∂tB + c∇×E = 0 ∂t

(
B

c
√
ε0

)
+ c∇×

(
E√
ε0

)
= 0

∂tE− c∇×B = −qnv ∂t

(
E√
ε0

)
− c∇×

(
B

c
√
ε0

)
= −

(√
ε0q

)
nv

ε0

mndtv = qn(E + v
c ×B) mndtv =

(√
ε0q

)
n(

(
E√
ε0

)
+ v ×

(
B

c
√
ε0

)
)

SI Heaviside-Lorentz-looking

∇ ·E = qn
ε0

∇ · (√ε0E) =
(

q√
ε0

)
n

∇ ·B = 0 ∇ · (c√ε0B) = 0
∂tB +∇×E = 0 ∂t(c

√
ε0B) + c∇× (

√
ε0E) = 0

∂tE− c2∇×B = − qnv
ε0

∂t(
√
ε0E)− c∇× (c

√
ε0B) = −

(
q√
ε0

)
nv

mndtv = qn(E + v ×B) mndtv =
(

q√
ε0

)
n((
√
ε0E) + v

c × (c
√
ε0B))

EHL =
√
ε0ESI, ESI =

EHL√
ε0
,

BHL =
√
ε0BSI, BSI =

BHL√
ε0
,

qHL =
qSI√
ε0
. qSI =

√
ε0qHL.
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4 SI ←→ Gaussian

SI Gaussian-looking

∇ ·E = qn
ε0

∇ · (
√

4πε0E) = 4π
(

q√
4πε0

)
n

∇ ·B = 0 ∇ · (c
√

4πε0B) = 0
∂tB +∇×E = 0 ∂t(c

√
4πε0B) + c∇× (

√
4πε0E) = 0

∂tE− c2∇×B = − qnv
ε0

∂t(
√

4πε0E)− c∇× (c
√

4πε0B) = −4π
(

q√
4πε0

)
nv

mndtv = qn(E + v ×B) mndtv =
(

q√
4πε0

)
n((
√

4πε0E) + v
c × (c

√
4πε0B))

Gaussian SI-looking

∇ ·E = 4πqn ∇ ·
(

E√
4πε0

)
= (

√
4πε0q)n
ε0

∇ ·B = 0 ∇ ·
(

B
c
√

4πε0

)
= 0

∂tB + c∇×E = 0 ∂t

(
B

c
√

4πε0

)
+∇×

(
E√
4πε0

)
= 0

∂tE− c∇×B = −4πqnv ∂t

(
E√
4πε0

)
− c2∇×

(
B

c
√

4πε0

)
= − (

√
4πε0q)nv
ε0

mndtv = qn(E + v
c ×B) mndtv = (

√
4πε0q)n(

(
E√
4πε0

)
+ v ×

(
B

c
√

4πε0

)
)

ESI =
Egauss√

4πε0
, Egauss =

√
4πε0ESI,

BSI =
Bgauss

c
√

4πε0
, Bgauss = c

√
4πε0BSI,

qSI =
√

4πε0qgauss. qgauss =
qSI√
4πε0

.

5 Plasma

We now consider what happens to the plasma equations under transformation between SI and Gaussian
units.
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6 Boltzmann

SI Gaussian-looking

∇ ·E = σ
ε0

∇ · (
√

4πε0E) = 4π
(

σ√
4πε0

)
∇ ·B = 0 ∇ · (c

√
4πε0B) = 0

∂tB +∇×E = 0 ∂t(c
√

4πε0B) + c∇× (
√

4πε0E) = 0
∂tE− c2∇×B = − J

ε0
∂t(
√

4πε0E)− c∇× (c
√

4πε0B) = −4π
(

J√
4πε0

)
mdtvp = qp(E + vp ×B) mdtvp =

(
qp√
4πε0

)
((
√

4πε0E) + vp

c × (c
√

4πε0B))

Gaussian SI-looking

∇ ·E = 4πσ ∇ ·
(

E√
4πε0

)
= (

√
4πε0σ)
ε0

∇ ·B = 0 ∇ ·
(

B
c
√

4πε0

)
= 0

∂tB + c∇×E = 0 ∂t

(
B

c
√

4πε0

)
+∇×

(
E√
4πε0

)
= 0

∂tE− c∇×B = −4πJ ∂t

(
E√
4πε0

)
− c2∇×

(
B

c
√

4πε0

)
= − (

√
4πε0J)
ε0

mpdtvp = qp(E + vp

c ×B) mpdtvp = (
√

4πε0qp)(
(

E√
4πε0

)
+ vp ×

(
B

c
√

4πε0

)
)

ESI =
Egauss√

4πε0
, Egauss =

√
4πε0ESI,

BSI =
Bgauss√

4πε0
, Bgauss =

√
4πε0BSI,

σSI =
√

4πε0σgauss. σgauss =
σSI√
4πε0

.
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