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Sect. 3 Various Systems of Electromagnetic Units
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782  Appendix

in the five common systems of units of Table 1. For each system of units the
continuity equation for charge and current is given by (A.1), as can be verified
from the first pair of the Maxwell equations in the table in each case.* Similarly,
in all systems the statement of Ohm’s law is J = ¢E, where o is the conductivity.

4 Conversion of Equations and Amounts Between SI Units
and Gaussian Units

The two systems of electromagnetic units in most common use today are the SI
and Gaussian systems. The SI system has the virtue of overall convenience in

Table 3 Conversion Table for Symbols and Formulas

The symbols for mass, length, time, force, and other not specifically electromagnetic
quantities are unchanged. To convert any equation in SI variables to the corresponding
equation in Gaussian quantities, on both sides of the equation replace the relevant
symbols listed below under “SI” by the corresponding “Gaussian’ symbols listed on
the left. The reverse transformation is also allowed. Residual powers of €, should be
eliminated in favor of the speed of light (c*u¢e, = 1). Since the length and time symbols
are unchanged, quantities that differ dimensionally from one another only by powers of
length and/or time are grouped together where possible.

Quantity Gaussian SI
Velocity of light c (1o€0) 12
Electric field (potential, voltage) E(D, V)/V4ne, E(D, V)
Displacement Ve ldm D D
Charge density (charge, current density, Ve, p(q,J, I, P) plg, 1, L P)
current, polarization)

Magnetic induction Viyoldr B B
Magnetic field H/V 47 H
Magnetization Vamiu, M M
Conductivity d7eq0o o
Dielectric constant €€ €
Magnetic permeability Molk In
Resistance (impedance) R(Z)/47e, R(Z)
Inductance Li4e, L
Capacitance 47e,C C

4

\'

¢ = 2.997 924 58 X 10° m/s et = PO %

€ = 8.854 1878 ... X 10—126}&1{7
e
o = 1.256 6370 ... X 10&@,@ iir v

B0 = 3767303 ... Q
(S5}

*Some workers employ a modified Gaussian system of units in which current is defined by I =
(1/c)(dg/dr). Then the current density J in Table 2 must be replaced by cJ, and the continuity equation
is V. J + (1/c)(9p/ar) = 0. See also the footnote to Table 4.
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Table 4 Conversion Table for Given Amounts of a Physical Quantity

| The table is arranged so that a given amount of some physical quantity, expressed as so
many SI or Gaussian units of that quantity, can be expressed as an equivalent number
of units in the other system. Thus the entries in each row stand for the same amount,

| expressed in different units. All factors of 3 (apart from exponents) should, for accurate
work, be replaced by (2.997 924 58), arising from the numerical value of the velocity of
light. For example, in the row for displacement (D), the entry (127 X 10°) is actually

| (2.997 924 58 X 47 X 10°) and “9” is actually 107'% ¢ = 8,987 55 ... . Where a name

; for a unit has been agreed on or is in common usage, that name is given. Otherwise,

: one merely reads so many Gaussian units, or SI unifs.

|

Physical Quantity ~ Symbol SI Gaussian
| Length / 1 meter (m) 102 centimeters (cm)
| Mass m 1 kilogram (kg) 10° grams (g)
Time t 1 second (s) 1 second (s)
' Frequency v 1 hertz (Hz) 1 hertz (Hz)
| Force F 1 newton (N) 10° dynes
LS Oerrl;y ZJV} 1 joule (7) 107 orms
Power P 1 watt (W) 107 ergs s~
i Charge q 1 coulomb (C) 3 x10° statcoulombs
: Charge density p 1Cm™3 3 X 103 statcoul cm 3
| Current 1 1 ampere (A) 3 X 10° statamperes
3 Current density J 1Am™2 3 X 10° statamp cm 2
{ Electric field E Ivoltm™ (Vm™) 1x10™*  statvolt cm™!
? Potential D,V 1volt (V) % statvolt
Polarization P 1Cm™2 3 X 10° dipole moment cm ™3
Displacement D 1Cm™2 1270 X 10°  statvolt cm™!
| (statcoul cm™2)
‘ Conductivity o 1 siemens m™! 9 X 10° g
Resistance R 1 ohm (Q) X107 gem~!
| Capacitance C 1 farad (F) 9x 10"  cm
| Magnetic flux ¢, F 1 weber (Wb) 108 gauss cm? or maxwells
Magnetic induction B 1 tesla (T) 10* gauss (G)
Magnetic field H 1Am™! 4m X 107 oersted (Oe)
| Magnetization M 1Am™? 1073 magnetic moment cm ™3
i Inductance* L 1 henry (H) 5x 101

*There is some confusion about the unit of inductance in Gaussian units. This stems from the use
by some authors of a modified system of Gaussian units in which current is measured in
electromagnetic units, so that the connection between charge and current is I,, = (1/c)(dqldr).
Since inductance is defined through the induced voltage V = L(dlI/dt) or the energy U = 3LI? the
: choice of current defined in Section 2 means that our Gaussian unit of inductance is equal in

| magnitude and dimensions (PI7") to the electrostatic unit of inductance. The electromagnetic
current 7, is related to our Gaussian current / by the relation 7,, = (1/c)I. From the energy
definition of inductance, we see that the electromagnetic inductance L,, is related to our Gaussian
inductance L through L,, = ¢*L. Thus L,, has the dimensions of length. The modified Gaussian
system generally uses the electromagnetic unit of inductance, as well as current. Then the voltage
relation reads V = (Lyp/c)(dl,,/df). The numerical connection between units of inductance is

1 henry = § x 10~!! Gaussian (es) unit = 10° emu
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