
Gaussian and SI units

The two most widely used systems of units are the Gaussian system which uses centime-
ters, grams, and seconds for the fundamental quantities of length, mass, and time, and SI
(Système International) which uses meters, kilograms and seconds for these quantities. When
converting from Gaussian to SI units numerical values are related by the scaling factors

xG = kxxSI , mG = kmmSI , tG = tSI

where kx = 100 and km = 1000. Consider, for example, energy which has units of x2s−2m. If
the numerical value is UG in the Gaussian system then in SI units the energy is related by

UG ∼ x2
GmG → (k2

xkm)x2
SImSI ∼ (k2

xkm)USI .

Thus

USI =
1

k2
xkm

UG = 10−7UG

which agrees with the known relation 1 erg = 10−7 J.
While it is easy to transform quantities such as energy between the systems, when dealing

with electromagnetism confusion can arise since the same physical quantities have different
units as well as different numerical values in the two systems. The Maxwell equations,
constitutive relations between fields and polarizations, and Lorentz force per charge q in
Gaussian units are

∇× E = −1

c

∂B

∂t
, ∇×H =

1

c

∂D

∂t
+

4π

c
J,

∇ · D = 4πρ, ∇ · B = 0,

D = E + 4πP,

H = B − 4πM,

F = q
(
E +

v

c
×B

)
.

In the SI system the equations are

∇×E = −∂B

∂t
, ∇× H =

∂D

∂t
+ J,

∇ · D = ρ, ∇ · B = 0,

D = ε0E + P,

H =
1

µ0
B − M,

F = q (E + v × B) .
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In SI the constants ε0, µ0 have exact values

ε0µ0 =
1

c2
, µ0 = 4π × 10−7, c = 299792458 m/s.

To convert any electromagnetic equation from Gaussian to SI units we multiply by the
scaling factors

E → kEE, D → kDD,

B → kBB, H → kHH,

P → kP P, M → kMM,

ρ → kρρ, J → kJJ.

Consistency of the Maxwell equations and the Lorentz force law in the two systems fixes
the scaling constants to be

kE =
√

4πε0, kD =

√
4π

ε0
,

kB =

√
4π

µ0

, kH =
√

4πµ0,

kρ = kJ = kP =
1√
4πε0

,

kM =

√
µ0

4π
.

As an example to convert the Coulomb potential energy of an electron from Gaussian to
SI units we use

e2
G

rG
= (k2

xkm)
k2

ρe
2
SI

rSI
.

Thus the electron charge in Gaussian units is related to the charge in SI units (1.602×10−19 C)
by

eG = eSI

√
k2

xkmkρ

√
rG

rSI

= eSI × c × 10 = 4.803 × 10−10 esu

where esu stands for electrostatic units.


