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1.1 THE SI UNITS

The units of the quantities most commonly used in electrical engineering (volts, amperes, watts,
ohms, etc.) are those of the metric system. They are embodied in the International System of Units
(Systeme International d’Unités, abbreviated SI). The SI units are used throughout this handbook, in
accordance with the established practice of electrical engineering publications throughout the world.
Other units, notably the cgs (centimeter-gram-second) units, may have been used in citations in the
earlier literature. The cgs electrical units are listed in Table 1-9 with conversion factors to the SI
units.

The SI electrical units are based on the mksa (meter-kilogram-second-ampere) system. They have
been adopted by the standardization bodies of the world, including the International Electrotechnical
Commission (IEC), the American National Standards Institute (ANSI), and the Standards Board of
the Institute of Electrical and Electronics Engineers (IEEE). The United States is the only industri-
alized nation in the world that does not mandate the use of the SI system. Although the U.S. Congress
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has the constitutional right to establish measuring units, it has never enforced any system. The met-
ric system (now SI) was legalized by Congress in 1866 and is the only legal measuring system, but
other non-SI units are legal as well.

Other English-speaking countries adopted the SI system in the 1960s and 1970s. A few major
industries converted, but many people resisted—some for very irrational reasons, denouncing it as
“un-American.” Progressive businesses and educational institutions urged Congress to mandate SI.
As a result, in the 1988 Omnibus Trade and Competitiveness Act, Congress established SI as the
preferred system for U.S. trade and commerce and urged all federal agencies to adopt it by the end
of 1992 (or as quickly as possible without undue hardship). SI remains voluntary for private U.S.
business. An excellent book, Metric in Minutes (Brownridge, 1994), is a comprehensive resource for
learning and teaching the metric system (SI).

1.2 CGPM BASE QUANTITIES

Seven quantities have been adopted by the General Conference on Weights and Measures (CGPM™)
as base quantities, that is, quantities that are not derived from other quantities. The base quantities are
length, mass, time, electric current, thermodynamic temperature, amount of substance, and luminous

intensity. Table 1-1 lists these quantities, the

TABLE 1-1 SI Base Units name of the SI unit for each, and the standard
letter symbol by which each is expressed in
Quantity Unit Symbol  the International System (SI).
Length meter m The units of the base quantities have
Mass kilogram kg been defined by the CGPM as follows:
Time second s meter. The length equal to 1 650 763.73
Electric current ampere A wavelengths in vacuum of the radiation cor-
Thermodynamic temperature® kelvin K responding to the transition between the
Amount of substance mole mol  levels %p,, and >d; of the krypton-86 atom
Luminous intensity candela cd (CGPM).

o . . . kilogram. The unit of mass; it is equal
Celsius temperature is, in general, expressed in degrees Celsius N .
(symbol *C). to the mass of the international prototype of

the kilogram (CGPM).

EDITOR’S NOTE: The prototype is a platinum-iridium cylinder maintained at the International Bureau
of Weights and Measures, near Paris. The kilogram is approximately equal to the mass of 1000 cubic cen-
timeters of water at its temperature of maximum density.

second. The duration of 9 192 631 770 periods of the radiation corresponding to the transition
between the two hyperfine levels of the ground state of the cesium = 133 atoms (CGPM).

ampere. The constant current that if maintained in two straight parallel conductors of infinite
length, of negligible circular cross section, and placed 1 meter apart in vacuum would produce
between these conductors a force equal to 2 x 107 newton per meter of length (CGPM).

kelvin.  The unit of thermodynamic temperature is the fraction 1/273.16 of the thermodynamic
temperature of the triple point of water (CGPM).

EDITOR’S NOTE: The zero of the Celsius scale (the freezing point of water) is defined as 0.01 K below
the triple point, that is, 273.15 K. See Table 1-27.

mole. That amount of substance of a system that contains as many elementary entities as there
are atoms in 0.012 kilogram of carbon-12 (CGPM).

"From the initials of its French name, Conference Générale des Poids et Mesures.
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NOTE: When the mole is used, the elementary entities must be specified. They may be atoms, mole-
cules, ions, electrons, other particles, or specified groups of such particles.

candela. The luminous intensity, in a given direction, of a source that emits monochromatic
radiation of frequency 540 x 10'> Hz and that has a radiant intensity in that direction of 1/683 watt
per steradian (CGPM).

EDITOR’S NOTE: Until January 1, 1948, the generally accepted unit of luminous intensity was the inter-
national candle. The difference between the candela and the international candle is so small that only
measurements of high precision are affected. The use of the term candle is deprecated.

1.3 SUPPLEMENTARY SI UNITS

Two additional SI units, numerics which are considered as dimensionless derived units (see Sec. 1.4),

are the radian and the steradian, for the quantities plane angle and solid angle, respectively. Table 1-2

lists these quantities and their units and symbols. The supplementary units are defined as follows:
radian. The plane angle between two radii of a

circle that cut off on the circumference an arc equal in ~ TABLE 1-2  SI Supplementary Units

length to the radius (CGPM).
steradian. The solid angle which, having its vertex Quantity Unit Symbol

in the center of a sphere, cuts off an area of the surface  pjane angle radian rad

of the sphere equal to that of a square with sides equal to  golid angle steradian S

the radius of the sphere (CGPM).

1.4 DERIVED SI UNITS

Most of the quantities and units used in electrical engineering fall in the category of SI derived units,
that is, units which can be completely defined in terms of the base and supplementary quantities
described above. Table 1-3 lists the principal electrical quantities in the SI system and shows their
equivalents in terms of the base and supplementary units. The definitions of these quantities, as
they appear in the /EEE Standard Dictionary of Electrical and Electronics Terms (ANSI/IEEE Std
100-1988), are

hertz.  The unit of frequency 1 cycle per second.

newton. The force that will impart an acceleration of 1 meter per second per second to a mass
of 1 kilogram.

pascal. The pressure exerted by a force of 1 newton uniformly distributed on a surface of
1 square meter.

Jjoule. The work done by a force of 1 newton acting through a distance of 1 meter.

watt. The power required to do work at the rate of 1 joule per second.

coulomb.  The quantity of electric charge that passes any cross section of a conductor in 1 second
when the current is maintained constant at 1 ampere.

volt. The potential difference between two points of a conducting wire carrying a constant
current of 1 ampere, when the power dissipated between these points is 1 watt.

farad. The capacitance of a capacitor in which a charge of 1 coulomb produces 1 volt potential
difference between its terminals.

ohm. The resistance of a conductor such that a constant current of 1 ampere in it produces a
voltage of 1 volt between its ends.

siemens (mho). The conductance of a conductor such that a constant voltage of 1 volt between
its ends produces a current of 1 ampere in it.
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TABLE 1-3  SI Derived Units in Electrical Engineering

SI unit
Expression Expression
in terms of in terms of
Quantity Name Symbol other units SI base units
Frequency (of a periodic phenomenon) hertz Hz 1/s st
Force newton N m - kg - s7?
Pressure, stress pascal Pa N/m? m - kg - s?
Energy, work, quantity of heat joule J N-m m? - kg - 572
Power, radiant flux watt w /s m? - kg - 73
Quantity of electricity, electric charge coulomb C A-s s A
Potential difference, electric potential, volt \Y% W/A m?-kg-s?- A
electromotive force

Electric capacitance farad F C/V m?2-kg!-st A2
Electric resistance ohm Q V/A m? - kg-s?-A?
Conductance siemens S AIV m?2-kg!-sP A2
Magnetic flux weber Wb Vs m? - kg -s?- A
Magnetic flux density tesla T Wb/m? kg - s2- A
Celsius temperature degree Celsius °C K
Inductance henry H Wb/A m? - kg - s?- A7
Luminous flux lumen Im cd - sr#
Iluminance lux Ix Im/m? m=-cd - sex
Activity (of radionuclides) becquerel Bq I/s st
Absorbed dose gray Gy J/kg m? - s
Dose equivalent sievert Sv J/kg m? - 572

“In this expression, the steradian (sr) is treated as a base unit. See Table 1-2.

weber.  The magnetic flux whose decrease to zero when linked with a single turn induces in the
turn a voltage whose time integral is 1 volt-second.

tesla. 'The magnetic induction equal to 1 weber per square meter.

henry. The inductance for which the induced voltage in volts is numerically equal to the rate
of change of current in amperes per second.

TABLE 1-4 Examples of SI Derived Units of General Application in Engineering

SI unit

Quantity Name Symbol
Angular velocity radian per second rad/s
Angular acceleration radian per second squared rad/s?
Radiant intensity watt per steradian Wisr
Radiance watt per square meter steradian W-m?2-sr!
Area square meter m?
Volume cubic meter m’
Velocity meter per second m/s
Acceleration meter per second squared m/s?
Wavenumber 1 per meter m!
Density, mass kilogram per cubic meter kg/m?
Concentration (of amount of substance) mole per cubic meter mol/m?
Specific volume cubic meter per kilogram m/kg
Luminance candela per square meter cd/m?
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SI unit
Expression
in terms of
Quantity Name Symbol SI base units
Viscosity, dynamic pascal second Pa-s m! kg s
Moment of force newton meter N-m m? - kg - 572
Surface tension newton per meter N/m kg - s
Heat flux density, irradiance watt per square meter W/m? kg - s
Heat capacity joule per kelvin J/K m? - kg - s2-K!
Specitic heat capacity, joule per kilogram kelvin J/(kg - K) m? - s2 - K!
specific entropy

Specific energy joule per kilogram J/kg m? - 72
Thermal conductivity watt per meter kelvin W/(m - K) m-kg-s?-K!
Energy density joule per cubic meter J/m?3 m! kg - s?
Electric field strength volt per meter V/m m-kg-s3- Al
Electric charge density coulomb per cubic meter C/m? m3-s- A
Electric flux density coulomb per square meter C/m? m?-s-A
Permittivity farad per meter F/m m> - kgl -ste A2
Current density ampere per square meter A/m?
Magnetic field strength ampere per meter A/m
Permeability henry per meter H/m m-kg-s?- A2
Molar energy joule per mole J/mol m? - kg -+ s - mol™!
Molar entropy, molar joule per mole kelvin J/(mol - K) m? - kg - 2 - K'mol™!

heat capacity

lumen.

The flux through a unit solid angle (steradian) from a uniform point source of 1 candela;

the flux on a unit surface all points of which are at a unit distance from a uniform point source of

1 candela.

lux. The illumination on a surface of 1 square meter on which there is uniformly distributed a
flux of 1 lumen; the illumination produced at a surface all points of which are 1 meter away from a
uniform point source of 1 candela.

Table 1-4 lists other quantities and the SI derived unit names and symbols useful in engineering

applications. Table 1-5 lists additional quantities and the SI derived units and symbols used in
mechanics, heat, and electricity.

1.5 SI DECIMAL PREFIXES

All SI units may have affixed to them standard prefixes which multiply the indicated quantity by
a power of 10. Table 1-6 lists the standard prefixes and their symbols. A substantial part of the
extensive range (10%°) covered by these prefixes is in common use in electrical engineering
(e.g., gigawatt, gigahertz, nanosecond, and picofarad). The practice of compounding a prefix
(e.g., micromicrofarad) is deprecated (the correct term is picofarad).

1.6 USAGE OF SI UNITS, SYMBOLS, AND PREFIXES

Care must be exercised in using the SI symbols and prefixes to follow exactly the capital-letter and
lowercase-letter usage prescribed in Tables 1-1 through 1-8, inclusive. Otherwise, serious confusion
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TABLE 1-6 SI Prefixes Expressing Decimal Factors

Factor Prefix Symbol Factor Prefix Symbol
10 exa E 107! deci d
10 peta P 1072 centi c
10" tera T 1073 milli m
10° giga G 107 micro u
10° mega M 10 nano n
10° kilo k 1012 pico p
102 hecto h 10" femto f
10! deka da 10718 atto a

may occur. For example, pA is the SI symbol for 10-'2 of the SI unit for electric current (picoampere),
while Pa is the SI symbol for pressure (the pascal).

The spelled-out names of the SI units (e.g., volt, ampere, watt) are not capitalized. The SI letter
symbols are capitalized only when the name of the unit stands for or is directly derived from the
name of a person. Examples are V for volt, after Italian physicist Alessandro Volta (1745-1827);
A for ampere, after French physicist André-Marie Ampere (1775-1836); and W for watt, after
Scottish engineer James Watt (1736-1819). The letter symbols serve the function of abbreviations,
but they are used without periods.

It will be noted from Tables 1-1, 1-3, and 1-5 that with the exception of the ampere, all the SI elec-
trical quantities and units are derived from the SI base and supplementary units or from other SI
derived units. Thus, many of the short names of SI units may be expressed in compound form embrac-
ing the SI units from which they are derived. Examples are the volt per ampere for the ohm, the joule
per second for the watt, the ampere-second for the coulomb, and the watt-second for the joule. Such
compound usage is permissible, but in engineering publications, the short names are customarily used.

Use of the SI prefixes with non-SI units is not recommended; the only exception stated in IEEE
Standard 268 is the microinch. Non-SI units, which are related to the metric system but are not deci-
mal multiples of the SI units such as the calorie, torr, and kilogram-force, are specially to be avoided.

A particular problem arises with the universally used units of time (minute, hour, day, year, etc.)
that are nondecimal multiples of the second. Table 1-7 lists these and their equivalents in seconds, as

well as their standard symbols (see also
TABLE 1-7 Time and Angle Units Used in the SI System  Table 1-19). The watthour (Wh) is a case in

(Not Decimally Related to the SI Units) point; it is equal to 3600 joules. The kilo-

watthour (kWh) is equal to 3 600 000
Name Symbol Value in SI unit joules or 3.6 megajoules (MJ). In the mid-
minute min 1 min = 60 s 1980s, the use of the kilowatthour persisted
hour h 1 h = 60 min = 3 600 s widely, although eventually it was expected
day d 1d=24h=286400s to be replaced by the megajoule, with the
degree ° 1° = (w/180) rad conversion factor 3.6 megajoules per kilo-
minute ’ I' = (1/60)° = (/10 800) rad watthour. Other aspects in the usage of the
second ” 17 = (1/60)" = (/648 000) rad  SI system are the subject of the following

recommendations published by the IEEE:

Frequency. The CGPM has adopted the name hertz for the unit of frequency, but cycle per sec-
ond is widely used. Although cycle per second is technically correct, the name hertz is preferred
because of the widespread use of cycle alone as a unit of frequency. Use of cycle in place of cycle
per second, or kilocycle in place of kilocycle per second, etc., is incorrect.

Magnetic Flux Density. The CGPM has adopted the name fesla for the SI unit of magnetic flux
density. The name gamma shall not be used for the unit nanotesla.

Temperature Scale. In 1948, the CGPM abandoned centigrade as the name of the temperature
scale. The corresponding scale is now properly named the Celsius scale, and further use of centigrade
for this purpose is deprecated.
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Luminous Intensity. The SI unit of luminous intensity has been given the name candela, and
further use of the old name candle is deprecated. Use of the term candle-power, either as the name
of a quantity or as the name of a unit, is deprecated.

Luminous Flux Density. The common British-American unit of luminous flux density is the
lumen per square foot. The name footcandle, which has been used for this unit in the United States,
is deprecated.

micrometer and micron. The names micron for micrometer and millimicron for nanometer are
deprecated.

gigaelectronvolt (GeV). Because billion means a thousand million in the United States but a
million million in most other countries, its use should be avoided in technical writing. The term billion
electronvolts is deprecated; use gigaelectronvolts instead.

British-American Units. In principle, the number of British-American units in use should be
reduced as rapidly as possible. Quantities are not to be expressed in mixed units. For example, mass
should be expressed as 12.75 1b, rather than 12 1b or 12 oz. As a start toward implementing this
recommendation, the following should be abandoned:

. British thermal unit (for conversion factors, see Table 1-25).
. horsepower (see Table 1-26).
. Rankine temperature scale (see Table 1-27).

AW N =

. U.S. dry quart, U.S. liquid quart, and U.K. (Imperial) quart, together with their various multiples
and subdivisions. If it is absolutely necessary to express volume in British-American units, the
cubic inch or cubic foot should be used (for conversion factors, see Table 1-17).

5. footlambert. If it is absolutely necessary to express luminance in British-American units, the candela
per square foot or lumen per steradian square foot should be used (see Table 1-28A).

6. inch of mercury (see Table 1-23C).

1.7 OTHER SI UNITS

Table 1-8 lists units used in the SI system whose values are not derived from the base quantities but
from experiment. The definitions of these units, given in the /EEE Standard Dictionary (ANSI/IEEE
Std 100-1988) are

electronvolt. The kinetic energy acquired by an

electron in passing through a potential difference of 1 volt TABLE 1-8  Units Used with the SI System

Whose Values Are Obtained Experimentally

in vacuum.
Name Symbol
~ NotE: The electronvolt is equal to 1.60218 x 107" electronvolt eV
joule, approximately (see Table 1-25B). unified atomic mass unit u

astronomical unit*

unified atomic mass unit. The fraction ', of the mass ~ Parsec pc
of an atom of the nuclide '>C.

“The astronomical unit does not have an
international symbol. AU is customarily used in

English, UA in French.
NOTE: u is equal to 1.660 54 X 10?7 kg, approximately. nems nrrene

astronomical unit. The length of the radius of the unperturbed circular orbit of a body of neg-
ligible mass moving around the sun with a sidereal angular velocity of 0.017 202 098 950 radian per
day of 86 400 ephemeris seconds.

NOTE: The International Astronomical Union has adopted a value for 1 AU equal to 1.496 x 10"
meters (see Table 1-15C).
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parsec. The distance at which 1 astronomical unit subtends an angle of 1 second of arc. 1 pc =
206 264.8 AU = 30 857 x 10'> m, approximately (see Table 1-15C).

1.8 CGS SYSTEMS OF UNITS

The units most commonly used in physics and electrical science, from their establishment in 1873 until
their virtual abandonment in 1948, are based on the centimeter-gram-second (cgs) electromagnetic and
electrostatic systems. They have been used primarily in theoretical work, as contrasted with the SI units
(and their “practical unit” predecessors, see Sec. 1.9) used in engineering. Table 1-9 lists the principal
cgs electrical quantities and their units, symbols, and equivalent values in SI units. Use of these units
in electrical engineering publications has been officially deprecated by the IEEE since 1966.

The cgs units have not been used to any great extent in electrical engineering, since many of the
units are of inconvenient size compared with quantities used in practice. For example, the cgs electro-
magnetic unit of capacitance is the gigafarad.

1.9 PRACTICAL UNITS (ISU)

The shortcomings of the cgs systems were overcome by adopting the volt, ampere, ohm, farad,
coulomb, henry, joule, and watt as “practical units,” each being an exact decimal multiple of the corre-
sponding electromagnetic cgs unit (see Table 1-9). From 1908 to 1948, the practical electrical units
were embodied in the International System Units (ISU, not to be confused with the SI units). During
these years, precise formulation of the units in terms of mass, length, and time was impractical because
of imprecision in the measurements of the three basic quantities. As an alternative, the units were stan-
dardized by comparison with apparatus, called prototype standards. By 1948, advances in the mea-
surement of the basic quantities permitted precise standardization by reference to the definitions of the

TABLE 1-9 CGS Units and Equivalents

Quantity Name Symbol Correspondence with SI unit

Electromagnetic system

Current abampere abA = 10 amperes (exactly)
Voltage abvolt abV = 1078 volt (exactly)
Capacitance abfarad abF = 10° farads (exactly)

Inductance abhenry abH = 10~ henry (exactly)
Resistance abohm abQ) = 107 ohm (exactly)
Magnetic flux maxwell Mx = 107% weber (exactly)
Magnetic field strength oersted Oe = 79.577 4 amperes per meter
Magnetic flux density gauss G = 107 tesla (exactly)
Magnetomotive force gilbert Gb = 0.795 774 ampere
Electrostatic system
Current statampere statA = 3.335 641 x 107'° ampere
Voltage statvolt statV = 299.792 46 volts
Capacitance statfarad statF = 1.112 650 x 10~'? farad
Inductance stathenry statH = 8.987 554 x 10" henrys
Resistance statohm statQ = 8.987 554 x 10" ohms

Mechanical units

(equally applicable to the electrostatic and electromagnetic systems)
Work/energy erg erg = 1077 joule (exactly)
Force dyne dyn = 107° newton (exactly)
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basic units, and the International System Units were officially abandoned in favor of the absolute units.
These in turn were supplanted by the SI units which came into force in 1950.

1.10 DEFINITIONS OF ELECTRICAL QUANTITIES

The following definitions are based on the principal meanings listed in the [EEE Standard
Dictionary (ANSI/IEEE Std 100-1988), which should be consulted for extended meanings, com-
pound terms, and related definitions. The United States Standard Symbols (ANSI/IEEE Std 260,
IEEE Std 280) for these quantities are shown in parentheses (see also Tables 1-10 and 1-11).
Electrical units used in the United States prior to 1969, with SI equivalents, are listed in Table 1-29.

Admittance (Y). An admittance of a linear constant-parameter system is the ratio of the phasor
equivalent of the steady-state sine-wave current or current-like quantity (response) to the phasor
equivalent of the corresponding voltage or voltage-like quantity (driving force).

Capacitance (C). Capacitance is that property of a system of conductors and dielectrics which
permits the storage of electrically separated charges when potential differences exist between the
conductors. Its value is expressed as the ratio of an electric charge to a potential difference.

Coupling Coefficient (k). Coefficient of coupling (used only in the case of resistive, capacitive, and
inductive coupling) is the ratio of the mutual impedance of the coupling to the square root of the prod-
uct of the self-impedances of similar elements in the two circuit loops considered. Unless otherwise
specified, coefficient of coupling refers to inductive coupling, in which case k = M/(L,L,)'?, where M
is the mutual inductance, L, the self-inductance of one loop, and L, the self-inductance of the other.

Conductance (G)

1. The conductance of an element, device, branch, network, or system is the factor by which the
mean-square voltage must be multiplied to give the corresponding power lost by dissipation as
heat or as other permanent radiation or as electromagnetic energy from the circuit.

2. Conductance is the real part of admittance.

Conductivity (y). The conductivity of a material is a factor such that the conduction current
density is equal to the electric field strength in the material multiplied by the conductivity.

Current (I). Current is a generic term used when there is no danger of ambiguity to refer to any
one or more of the currents described below. (For example, in the expression “the current in a sim-
ple series circuit,” the word current refers to the conduction current in the wire of the inductor and
to the displacement current between the plates of the capacitor.)

Conduction Current. The conduction current through any surface is the integral of the normal
component of the conduction current density over that surface.

Displacement Current. The displacement current through any surface is the integral of the nor-
mal component of the displacement current density over that surface.

Current Density (J). Current density is a generic term used when there is no danger of ambi-
guity to refer either to conduction current density or to displacement current density or to both.

Displacement Current Density. The displacement current density at any point in an electric field
is (in the International System) the time rate of change of the electric-flux-density vector at that point.

Conduction Current Density. The electric conduction current density at any point at which there
is a motion of electric charge is a vector quantity whose direction is that of the flow of positive
charge at this point, and whose magnitude is the limit of the time rate of flow of net (positive) charge
across a small plane area perpendicular to the motion, divided by this area, as the area taken
approaches zero in a macroscopic sense, so as to always include this point. The flow of charge may
result from the movement of free electrons or ions but is not in general, except in microscopic studies,
taken to include motions of charges resulting from the polarization of the dielectric.

Damping Coefficient (8). If F is a function of time given by

F = A exp (—61) sin 2mt/T)

then & is the damping coefficient.
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Elastance (S). Elastance is the reciprocal of capacitance.

Electric Charge, Quantity of Electricity (Q). Electric charge is a fundamentally assumed con-
cept required by the existence of forces measurable experimentally. It has two forms known as pos-
itive and negative. The electric charge on (or in) a body or within a closed surface is the excess of
one form of electricity over the other.

Electric Constant, Permittivity of Vacuum (T',).  The electric constant pertinent to any system of
units is the scalar which in that system relates the electric flux density D in vacuum, to E, the elec-
tric field strength (D = T"E). It also relates the mechanical force between two charges in vacuum to
their magnitudes and separation. Thus, in the equation F = T Q,0,/4=T 12, the force F between
charges O, and Q, separated by a distance 1T, is the electric constant, and T, is a dimensionless
factor which is unity in a rationalized system and 44 in an unrationalized system.

NOTE: In the cgs electrostatic system, I, is assigned measure unity and the dimension “numeric.” In
the cgs electromagnetic system, the measure of T', is that of 1/c?, and the dimension is [L™27%]. In the
International System, the measure of I, is 107/4mrc?, and the dimension is [L~M~'T*I]. Here, c is the
speed of light expressed in the appropriate system of units (see Table 1-12).

Electric Field Strength (E). The electric field strength at a given point in an electric field is the
vector limit of the quotient of the force that a small stationary charge at that point will experience,
by virtue of its charge, as the charge approaches zero.

Electric Flux (‘). The electric flux through a surface is the surface integral of the normal com-
ponent of the electric flux density over the surface.

Electric Flux Density, Electric Displacement (D). The electric flux density is a quantity
related to the charge displaced within a dielectric by application of an electric field. Electric flux
density at any point in an isotropic dielectric is a vector which has the same direction as the elec-
tric field strength, and a magnitude equal to the product of the electric field strength and the per-
mittivity €. In a nonisotropic medium, € may be represented by a tensor and D is not necessarily
parallel to E.

Electric Polarization (P). The electric polarization is the vector quantity defined by the equation
P = (D —-T E)/T, where D is the electric flux density, I’ is the electric constant, E is the electric field
strength, and T is a coefficient that is set equal to unity in a rationalized system and to 47 in an unra-
tionalized system.

Electric Susceptibility (y,). Electric susceptibility is the quantity defined by y, = (e, — 1)/T,
where € is the relative permittivity and T is a coefficient that is set equal to unity in a rationalized
system and to 4 in an unrationalized system.

Electrization (E,). The electrization is the electric polarization divided by the electric constant
of the system of units used.

Electrostatic Potential (V). The electrostatic potential at any point is the potential difference
between that point and an agreed-on reference point, usually the point at infinity.

Electrostatic Potential Difference (V). The electrostatic potential difference between two points
is the scalar-product line integral of the electric field strength along any path from one point to the
other in an electric field, resulting from a static distribution of electric charge.

Impedance (Z). An impedance of a linear constant-parameter system is the ratio of the phasor
equivalent of a steady-state sine-wave voltage or voltage-like quantity (driving force) to the phasor
equivalent of a steady-state sine-wave current or current-like quantity (response). In electromagnetic
radiation, electric field strength is considered the driving force and magnetic field strength the
response. In mechanical systems, mechanical force is always considered as a driving force and
velocity as a response. In a general sense, the dimension (and unit) of impedance in a given appli-
cation may be whatever results from the ratio of the dimensions of the quantity chosen as the driving
force to the dimensions of the quantity chosen as the response. However, in the types of systems cited
above, any deviation from the usual convention should be noted.

Mutual Impedance. Mutual impedance between two loops (meshes) is the factor by which the
phasor equivalent of the steady-state sine-wave current in one loop must be multiplied to give the
phasor equivalent of the steady-state sine-wave voltage in the other loop caused by the current in
the first loop.
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Self-impedance. ~ Self-impedance of a loop (mesh) is the impedance of a passive loop with all
other loops of the open-circuited network.

Transfer Impedance. A transfer impedance is the impedance obtained when the response is
determined at a point other than that at which the driving force is applied.

NOTE: In the case of an electric circuit, the response may be determined in any branch except that
which contains the driving force.

Logarithmic Decrement (A). If F is a function of time given by
F = A exp (=01) sin 2mt/T)

then the logarithmic decrement A = T0.

Magnetic Constant, Permeability of Vacuum (T', ). The magnetic constant pertinent to any sys-
tem of units is the scalar which in that system relates the mechanical force between two currents in
vacuum to their magnitudes and geometric configurations. For example, the equation for the force F'
on a length / of two parallel straight conductors of infinite length and negligible circular cross section,
carrying constant currents /, and [, and separated by a distance r in vacuum, is ¥ = T, T I,,l/2ar,
where I, is the magnetic constant and I, is a coefficient set equal to unity in a rationalized system
and to 47 in an unrationalized system.

NOTE: In the cgs electromagnetic system, T, is assigned the magni