
A Table showing conversions between SI, cgs-esu and cgs-emu systems. ccgs= 2.9979E+10 m0 = 1.2566E-06 Issue 5 ks km

Basic Units Definitions Relationships Current SI Dimensions (I)Dimensions (Q) × by k s cgs - esu × by k m cgs - emu k s / k m esu's in MKS emu's in MKS

mass (inertial mass) m resistance to acceleration kilogram M M 103 gram M 103 gram M 1 1.000E+03 1.000E+03

length l measure of distance metre L L 102 centimetre L 102 centimetre L 1 1.000E+02 1.000E+02

area a measure of size in 2 dimensions square metres L2 L2 104 cm2 L2 104 cm2 L2 1 1.000E+04 1.000E+04

volume v measure of size in 3 dimensions cubic metres L3 L3 106 cm3 L3 106 cm3 L3 1 1.000E+06 1.000E+06

rotational (moment of) inertia i angular mass kg - metre2 ML2 ML2 107 gram - cm2 ML2 107 gram - cm2 ML2 1 1.000E+07 1.000E+07

density r mass / unit volume kg / metre3 M / L3 M / L3  / 103 gm / cm3 M / L3  / 103 gm / cm3 M / L3 1 1.000E-03 1.000E-03

time t sequence of existence second T T 100 second T 100 second T 1 1.000E+00 1.000E+00

frequency t-1 cycle / second hertz / T / T 100 hertz / T 100 hertz / T 1 1.000E+00 1.000E+00

velocity v distance / time metres / second L / T L / T 102 cm / second L / T 102 cm / second L / T 1 1.000E+02 1.000E+02

momentum M mass x velocity kg-metres / sec ML / T ML / T 105 gram-cm / sec ML / T 105 gram-cm / sec ML / T 1 1.000E+05 1.000E+05

acceleration a rate of change of velocity metre / second2 L / T2 L / T2 102 gal = cm / sec2 L / T2 102 gal = cm / sec2 L / T2 1 1.000E+02 1.000E+02

force f mass x acceleration newton ML / T2 ML / T2 105 dyne ML / T2 105 dyne ML / T2 1 1.000E+05 1.000E+05

torque (rotational analogue of force) T force x distance newton-metre ML2 / T2 ML2 / T2 107 dyne-cm ML2 / T2 107 dyne-cm ML2 / T2 1.000E+07 1.000E+07

work or energy e force x distance joule ML2 / T2 ML2 / T2 107 erg ML2 / T2 107 erg ML2 / T2 1 1.000E+07 1.000E+07

action S L dt in joule-sec planck ML2 / T ML2 / T 107 erg-sec ML2 / T 107 erg-sec ML2 / T 1 1.000E+07 1.000E+07

power p rate of work watt ML2 / T3 ML2 / T3 107 erg / sec ML2 / T3 107 erg / sec ML2 / T3 1 1.000E+07 1.000E+07

pressure P force / area pascal M / LT2 M / LT2 10 mbar mb M / LT2 10 mbar mb M / LT2 1 1.000E+01 1.000E+01

stiffness k force / extension (F=kE) newtons / metre M / T2 M / T2 103 dynes / cm M / T2 103 dynes / cm M / T2 1 1.000E+03 1.000E+03

compliance c inverse of stiffness metres / newton T2 / M T2 / M  / 103 cm / dyne T2 / M  / 103 cm / dyne T2 / M 1 1.000E-03 1.000E-03

Conductance Field Mechanical Equivalents

charge Q charge A coulomb IT Q ccgs / 10 franklin M½L1½ / T / 10 abcoulomb M½ / L½ ccgs 2.998E+09 1.000E-01

electric current ii flow of charged particles A velocity I = Q/t ampere I Q / T ccgs / 10 statampere M½L1½ / T2 / 10 biot M½L½ / T ccgs 2.998E+09 1.000E-01

current density J current / area B J = di
i/da amps / metre2 I / L2 Q / TL2 ccgs / 105 statamps / cm2 M½ / L-½T-2 /105 biots / cm2 M½ / L1½T ccgs 2.998E+05 1.000E-05

electric potential (emf) V energy / charge C force volt ML2 / IT3 ML2 / QT2 108 / ccgs statvolt M½L½ / T 108 abvolt M½L1½ / T2 / ccgs 3.336E-03 1.000E+08

field strength = potential gradient E emf / displacement D stiffness E = dV/dx volts / metre ML / IT3 ML / QT2 106 / ccgs statvolt / cm M½ / TL½ 106 abvolt / cm M½L½ / T2 / ccgs 3.336E-05 1.000E+06

admittance Y Y = G + jB E mobility siemens I2T3 / ML2 Q2T / ML2 ccgs
2 / 109 statsiemens L / T- /109 absiemens T / L ccgs

2 8.988E+11 1.000E-09

impedance ( / admittance ) Z Z = (G - jB) / (G2 + B2) F momentum ohm ML2 / I2T3 ML2 / Q2T 109 / ccgs
2 statohm T / L 109 abohm L / T / ccgs

2 1.113E-12 1.000E+09

conductance real part of Y G current / potential difference E mobility G = I/V siemens I2T3 / ML2 Q2T / ML2 ccgs
2 / 109 statsiemens L / T- /109 absiemens T / L ccgs

2 8.988E+11 1.000E-09

resistance (conductance -1) R potential difference / current F momentum R = V/I ohm ML2 / I2T3 ML2 / Q2T 109 / ccgs
2 statohm T / L 109 abohm L / T / ccgs

2 1.1127E-12 1.000E+09

susceptance imaginary part of Y B E mobility B = I/V siemens I2T3 / ML2 Q2T / ML2 ccgs
2 / 109 statsiemens L / T- /109 absiemens T / L ccgs

2 8.988E+11 1.000E-09

reactance ( / susceptance) X caution - only analogously F momentum X = V/I ohm ML2 / I2T3 ML2 / Q2T  109 /ccgs
2 statohm T / L 109 abohm L / T / ccgs

2 1.1127E-12 1.000E+09

conductivity s conductance per unit length X s = J/E siemens / metre I2T3 / ML3 Q2T / ML3 ccgs
2 / 1011 statsiemens / cm / T /1011 absiemens / cm T / L2 ccgs

2 8.988E+09 1.000E-11

resistivity ( / conductivity ) r inverse of conductance X r = E/J ohm-metres ML3 / I2T3 ML3 / Q2T 1011 / ccgs
2 statohm-cm = second T 1011 abohm-cm L2 / T / ccgs

2 1.1127E-10 1.000E+11

Electric Field  (adds T)

electric flux FE surface integral ds E ds A Q = it volt-meter ML3 / IT3 ML3 / QT2 1010 / ccgs statvolt-cm M½L1½ / T 1010 abvolt-cm / ccgs 3.3356E-01 1.000E+10

charge density (displacement ) D charge / area B length-1 D = dQ/da coulombs / metre2 IT / L2 Q / L2 ccgs / 105 franklin / cm2 M½ / TL½ 105 abcoulomb / cm2 M½ / L1½ ccgs 8.988E+15 1.000E+05

capacitance C i = C dv/dt   (coulombs / volt) G compliance C = Q/V farad I2T4 / ML2 Q2T2 / ML2 10-9 x ccgs
2 statfarad = cm L / 109 abfarad T2 / L ccgs

2 8.9876E+11 1.000E-09

elastance ( / capacitance ) d rarely used H stiffness d = V/Q daraf ML2 / I2T4 ML2 / Q2T2 109 / ccgs
2  statdaraf  / L 109 abdaraf L / T2 / ccgs

2 1.113E-12 1.000E+09

permittivity e charge density / field strength J force-1 e = D/E farad / metre I2T4 / ML3 Q2T2 / ML3 4p10-11 x ccgs
2 statfarad / cm dimensionless 4p10-11 abfarad / cm T2 / L2 ccgs

2 1.129E+11 1.257E-10

elastivity ( / permittivity ) ? field strength / charge density K ? = E/D daraf-metre ML3 / I2T4 ML3 / Q2T2 / (4p10-11 x ccgs
2) statdaraf - cm dimensionless / 4p10-11 abdaraf - cm L2 / T2 / ccgs

2 8.854E-12 7.9577E+09

Magnetics (replace i with v in equations) I  ML2/ I2T3)
magnetic flux FM surface integral ds B ds A weber ML2 / IT2 ML2 / QT 108 / ccgs statweber M½L½ 108 maxwell M½L1½ / T / ccgs 3.3356E-03 1.000E+08

flux density ( induction ) B magnetic flux / area B B = dF/da tesla (webers / metre2) M / IT2 M / QT 104 / ccgs statweber / cm2 M½ / L1½ 104 gauss M½ / TL½ / ccgs 3.3356E-07 1.000E+04

magnetic potential ( mmf ) F energy / magnetic flux C F= Ni ampere turns IN omitted when it's AT 4p10-1ccgs statampere-turns M½L1½ / T2 4p10-1 gilbert M½L½ / T ccgs 3.767E+10 1.257E+00

field strength ( intensity ) H mmf / displacement D angular velocity H = dF/dx ampere turns / metre IN / L omitted when it's AT 4p10-3ccgs statampere-turns/cm M½L½ / T2 4p10-3 oersted M½ / TL½ ccgs 3.767E+08 1.257E-02

inductance (magnetic flux / current) L E = -L dI/dt  and W =½ Li2 G mass L = F/F henry ML2 / I2T2 ML2 / Q2 109 / ccgs
2 stathenry T2 / L 109 abhenry = cm L / ccgs

2 1.1127E-12 1.000E+09

permeance P inductance of one turn E weber / ampere-turns ML2 / I2NT2 note only one N term / (4p10-9ccgs
2) statweber / statampturn T2 / L / (4p10-9 maxwell/gilbert=cm L / ccgs

2 8.854E-14 7.958E+07

reluctance ( / permeance) R mmf / flux R = NI/F F sturgeon I2NT2 / ML2 note only one N term 4p10-9ccgs
2 statsturgeon L / T2 4p10-9 gilberts/maxwell  / L ccgs

2 1.129E+13 1.257E-08

permeability m flux density / field strength J m = B/H henries / metre ML / I2NT2 note only one N term  / (4p10-7ccgs
2) stathenry / cm T2 /  L2 / 4p10-7 gauss / oersted dimensionless / ccgs

2 8.854E-16 7.96E+05

reluctivity ( / permeability ) g field strength / flux density K g = H/B metres / henry I2NT2 / ML note only one N term 4p10-7ccgs
2 cm / stathenry L2 / T2 4p10-7 oersted / gauss dimensionless ccgs

2 1.129E+15 1.257E-06

Notes on Permittivity and Permeability Further Notes

Prepared by Robert Goodhand cgs-esu units ks / km gives the number of esu's in one emu

October 2003 to October 2023 electric field strength and electric flux density have the same dimensions to give permittivity as dimensionless. Because in magnetics nothing, flows conductivity and resitivity have no counterparts in the electric field

all other dimensions follow from the SI definitions Because in magnetics nothing, flows conductivity and resitivity have no counterparts in the electric field

This has taken me about 20 years and Setting permittivity as dimensionless in esu requires charge to take the dimensions M½ L1½ / T. Ampere-turns have dimensions IN and introduces the 4p term in non rationalised units
started out as a preliminary to studying Permittivity in SI units can also be expressed as coulombs / metre / volt Electric field strength can also be expressed as newtons / coulomb.

Fundamental Theory by Arthur Eddington cgs-emu units Magnetic field strength can also be expressed as newtons / weber

Magnetic field strength and magnetic flux density have the same dimensions to give permeability as dimensionless. Resistance is a measure of the opposition of flow of an electric current

all other dimensions follow from the SI definitions Reluctance is a measure of the opposition of a magnetic flux but nothing actually flows

Setting permeability as dimensionless in emu requires charge Q to take the dimensions (ML). There is no inverse of inductance though logically there should be.

Permeability in SI units can also be expressed as webers / ampere-turn / metre


